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Abstract: Acridocarpus orientalis 1s an important medicinal plant for some of the locals of
Arabian region. Very little is known about its phytochemical constituents. In the present
study, we aimed to isolate bioactive chemicals from the crude methanolic extract of the
aerial parts of A. orientalis. The extraction and isolation resulted in the purification of two
flavonoids: morin (1) and morin-3-O-B-D-glucopyranoside (2). The structure elucidation
was carried out by extensive analysis of spectroscopic data and comparison with the reported
data for the known constituents. The pure isolates were subjected to various biological
assays for their bioactivities. The compounds 1 and 2 were significantly active against the
growth of various pathogenic fungi and phytotoxic against lettuce seed at higher
concentrations. Furthermore, the free radical scavenging activities, anti-lipid peroxidation,
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and cytotoxic effects against HepG2, HT29, and HCT116 cancer cell lines were also
assayed and the results are presented in this paper.

Keywords: flavonoid; morin; Acridocarpus orientalis; Malpighiaceae; antioxidant; lipid
peroxidation; cytotoxicity

1. Introduction

Plants are the major source of active chemical constituents against diseases [1]. Most of the world’s
population still relies on the folk medicines for the treatment of a large number of serious diseases. The
biologically active principles of medicinal plants include flavonoids, phenolics, and polyphenols with
promising anticancer and antioxidant activities [2,3]. Acridocarpus orientalis A. Juss. belongs to the
family Malpighiaceae. This is a family of flowering plants found mainly in tropical, Mediterranean,
and sandy regions of Asia, Africa and some other Gulf countries, including Oman [4,5]. Several
Acridocarpus species are traditionally used as folk medicines all over the world. In addition to the
medicinal advantages, some species have been reported to possess many ecological advantages as well.
The plants of 4. socotranus are also used in the traditional medicine system of Yemen as a cure for
muscle pain and headaches [6,7]. Acridocarpus chloropterus leaves and stem are reported to have
antiplasmodial, antileishmanial and antitrypanosomal activities and are found mainly in Tanzania [8].
A. orientalis has been reported mainly from the border areas of UAE and Oman, where it is used for
the treatment of muscle pain, headaches, paralysis, tendon and joint pains as well as to treat the udder
inflammation in cattle [6,7]. The use of 4. orientalis against inflammatory diseases suggests further
utility as a way to treat cancer [9], but A. orientalis has not been previously studied for its role against
oxidative stress and cancerous cells.

Based on the above mentioned potential of the plant in the biological and pharmacological field, the
present study was carried out in search for its bioactive chemical constituents. The methanolic extract
and its various fractions were subjected to chromatographic separations that resulted in the isolation of
two flavonoids for the first time from this plant. The structure elucidation and detailed biological
evaluations of these compounds were then carried out and the results are presented in the present paper.

2. Results and Discussion

Compound 1 was purified from the ethyl acetate fraction in the form of a yellow colored amorphous
powder. When the TLC plate was sprayed with ceric sulphate, it gave a yellow color, indicating the
compound belongs to the flavone class. The presence of a flavonoid skeleton was also supported by
UV maxima at 264 and 340 nm [10]. The IR absorptions were indicative of a hydroxyl functional group
(3599 cm™!), aromatic functionalities (2922, 1591, and 1463 cm™!) and conjugated ketone (1665 cm™!)
in the molecule. The EI-MS showed a molecular ion peak at m/z 302 [M'], along with the major
fragments at m/z 153 and 149. These fragments appeared as a result of the retro Diels-Alder (RDA)
fragmentation of the C ring [11].
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The 'H-NMR spectrum of 1 exhibited signals at § 6.19 and 6.36 (d, J = 2.0 Hz) which were
indicative of the presence of meta coupled protons. These signals were thus assigned to H-6 and H-8,
respectively. H-3', H-5', and H-6', protons of ring B appeared at 6 7.33 (1H d, J= 2.1 Hz), 6.90 (1H dd,
J=2.1,8.1 Hz), and 7.30 (1H d, J = 8.1 Hz) respectively (Figure 1).

Figure 1. Structures of compound 1 and 2.

The '*C-NMR (BB and DEPT experiments) displayed ten quaternary and five methine carbons. The
resonances at § 99.8 and 94.7 were assigned to C-6 and C-8 respectively, while the *C-NMR signals at
0 158.5, 163.3, and 163.2 were assigned to C-5, C-7, and C-9. These assignments indicated the ring A
to be meta substituted with oxygenated groups [12]. The resonances at 6 149.8 and 159.3 were assigned
to C-2' and C-4' positions respectively, while the remaining ring B carbons appeared at & 116.9 (C-3"),
116.4 (C-5"), 122.9 (C-6"), and 122.8 (C-1'). The proposed structure was finally confirmed by the
comparative analysis of the reported data for morin to that of compound 1 [13].

Compound 2 was isolated from the ethyl acetate fraction by repeated silica gel column chromatography.
The structure was determined by the analysis of 'H and '*C-NMR data as well as by comparison with
previously reported values [14,15]. MS showed a protonated molecular ion peak at m/z 465.2039
[M+1]", suggesting the molecular formula C21H20012. The fragment ion peak at m/z 303.3505 appeared
due to loss of a deoxyhexose group. The IR spectrum showed absorptions for OH groups at 3450 cm™'.
The "H-NMR spectrum showed three aromatic proton signals at & 7.83 (d, J = 2.4 Hz, H-3"), 6.87 (dd,
J=28.4,2.4 Hz, H-5") and 6.86 (d, J = 8.4 Hz, H-6") in the form of an ABD spin-system suggesting a
flavonol with a 2',4'- disubstituted B-ring. Ring A protons appeared as a pair of meta coupled proton
signals at 6 6.19 (d, /= 2.4 Hz, H-6) and 6.39 (d, J = 2.4 Hz, H-8).

The 3C-NMR spectra supported this proposed structure and showed 21 signals including a carbonyl
signal at 0 179.5 (C-4). It revealed chemical shifts at 6 135.7 (C-3), 163.0 (C-5), 166.2 (C-7), 145.8 (C-3"),
149.9 (C-4") for the oxygenated quaternary carbon centers. The signals at  105.3 (C-1"), 75.1 (C-2"),
77.2 (C-3"), 70.0 (C-4"), 73.1 (C-5"), and 61.9 (C-6") were assigned to the glucose moiety in the molecule.

Thus, on the basis of the above discussions compound 2 was identified as morin-3-O-B-D-
glucopyranoside. The identity of this compound was further substantiated by comparison of its spectral
data with previously reported values [14,15].

Anticancer, Allelopathic, Antifungal and Antioxidant Activities

Three cancer cell lines: colorectal adenocarcinoma (HT29), colorectal adenocarcinoma (HCT116);
and human hepatoma derived cell line (HepG2) were used to analyze the cytotoxic potential of
compounds 1 and 2. Both the compounds were inactive against the HepG2, HCT116 and HT29 cancer
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cell lines at lower concentrations (0.1 to 50 ppm). However, when 100 ppm concentration of
compound 1 was applied to the HepG2, HT29 and HCT116, the cancer cells cell viability was reduced
appreciably to 63.8%, 64.5%, and 45.3%, respectively. Contrarily, compound 2 suppressed the cell
viability of HepG2, HCT116 and HT29 cell lines to 11.20, 22.19 and 38.11% as compared to control

(Figure 2).

Figure 2. Anticancer cell activity of compounds 1 and 2. The bars represent the mean
values with standard error of three replicates.
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Flavonoids have been known to play an essential role in allelophathy as the plants release them
through root exudation into the soil to safeguard it from pathogens and to act as food source for
various soil microflora [16,17]. Both the compounds were also assessed for their allelopathic potential.
Results showed that higher concentrations of 100 and 500 ppm significantly inhibit the growth and
germination of lettuce seeds (Figure 3), whereby 100 and 500 ppm concentrations of compound 1
showed ECso values of 49.21% and 33.82%, respectively, while in case of compound 2, the same
concentrations showed ECso values of 38.97% and 24.87%, respectively. In the case of lower
concentrations of 20 and 50 ppm neither compound showed an ECso value, however, the effects of
these concentrations were significantly inhibitive to lettuce growth as compared to control. Overall, the
compound application showed inhibitive effects on seed germination and growth. This result is in
conformity to the effects of other flavonoids like 7,8-benzoflavone [16]. Such an effect is reported for
the first time for compounds 1 and 2.

Compound 1 and 2 were also tested against known plant pathogens viz. Aspergillus niger,
Fusarium oxysporum, Chaetomium globosum, and Alternaria alternata. The results showed that at 50
and 200 ppm concentrations of compound 1, the fungi were actively growing, however, at 1000 ppm,
compound 1 resulted in 17.21 £ 0.21, 16.87 £ 0.93, 19.437 £ 0.57 and 19.23 = 0.74 mm? of growth of
Aspergillus niger, Fusarium oxysporum, Chaetomium globosum, and Alternaria alternate, respectively
(Figure 4). Previously, Alam and Edziri et al. [18,19] have reported that various kinds of flavones can
inhibit the growth of pathogenic fungi. In the present results, higher concentrations of compounds 1
and 2 reduced the growth of pathogenic fungi, suggesting the exudation via the root from JOA is
allelopathic and antifungal, especially to F. oxysporum.
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Figure 3. Allelopathic effects of compound 1 and 2 on the growth of lettuce seeds and
pathogenic fungi; the bars represent the mean values with standard error of three replications.
The different letter (a, b,...g) on each bar shows significantly (p < 0.05) different values as
evaluated by DMRT analysis.
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Figure 4. Antifungal activities of compound 1 and 2 against the growth pathogenic fungi.
The bars represent the mean values with standard error of three replicates.
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Both compounds were assessed for their potential antioxidant activities. The anti-lipid peroxidation
results showed a very significant activity of compound 2 as compared with compound 1 (Table 1).
Similarly, the potential of scavenging superoxide anion and DPPH radicals was significantly higher for
compound 1 as compared to compound 2. This was in conformity with the known standard ascorbic
acid and quercetin. Flavonoids have been known to ameliorate oxidative stress, which develops inside
cells during disease exposure [19,20]. Our results with compounds 1 and 2 also showed a strong

potential in this regard, however, in vivo analysis would be needed to further elucidate the roles of
these flavonoids.
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Table 1. Antioxidant activities of isolated compounds.

Compounds Anti-Lipid Peroxidation (%) Superoxide Anion (%) DPPH (%)

Control 92.34+0.023a 64.19 £ 0.73a 98.88 £ 0.92a
Compound 1 75.22 £ 0.023¢ 43.76 £ 0.0042b 97.96 + 1.04a
Compound 2 81.58+0.12b 37.12+0.18c 76.83 +0.78b

+ shows the standard error of means of three replications. The analyses were performed with comparative
standards. The different letter (a,b,c) in each column shows significant (p < 0.05) difference in the mean

values with respect to control by DMRT analysis.

Previously some reports have suggested that morin or related derivatives/constituents showed a
diverse range of biological functions. These compounds have been known to play essential roles in
suppressing the growth of cancerous cells as shown by Tian ef al. [21]. Similarly, Jin et al. [22],
showed that morin suppress the growth of breast cancer cell lines by influencing the Akt pathway.
Although, the role of morin (1) is somehow understood in HepG cells, the activity of morin-3-O-3-p-
glucopyranoside (2) has not been previously known. The morin flavonoids also showed inhibitory
effects towards seed germination of lettuce. In present study, our results showed that 1 and 2 also
exhibited a similar pattern of growth diminishing effects. Previously, Munesada et al. [23] showed that
flavonoid glycosides showed inhibitive effects for lettuce seed germination. Our results are in conformity
with the results of Alam and Edziri et al. [18,19], however, compound 2 has not been known for its role
against pathogenic fungi. In addition to that compounds 1 and 2 were assayed for their role in the
enzyme inhibition of reverse transcriptase, protein-tyrosine kinase and xanthine oxidase, whilst it also
showed anti-HIV, antiarteriosclerotic, and superoxide scavenging activities [22,23]. The present
anti-oxidative stress results also showed that 1 and 2 are promising antioxidant agents. Natural
products with such diverse biological and ecological roles suggest a wide range of applications for the
benefit of humans.

3. Experimental Section
3.1. Plant Material

The plant, Acridocarpus orientalis A. Juss (Malpighiaceae), was collected from Al-Hamra, in the
Ad-Dakhiliyah region of the Sultanate of Oman in March-April 2012, and has been identified by a
plant taxonomist at the Department of Biological Sciences and Chemistry, University of Nizwa, Nizwa,
Sultanate of Oman. The voucher specimen has been deposited in the herbarium of the department.

3.2. Extraction and Isolation

The air-dried ground plant material (Acridocarpus orientalis, 4.1 kg), was exhaustively extracted
with 100% methanol (8 L) at room temperature. The extract was evaporated to yield a residue (600 g)
that was partitioned in different solvents on the basis of increasing polarity to afford n-hexane (40.9 g),
chloroform (84.8 g), ethyl acetate (30.6 g), and n-butanol (58.3 g) fractions. The ethyl acetate fraction
(30 g) was subjected to column chromatography over a silica gel column (600 g, 70-230 mesh, Merck,
Munich, Germany) using 10% ethyl acetate/n-hexane (2 X 500 mL) with a 5% gradient of increasing
polarity up to 100% ethyl acetate, then by the gradient of methanol (1%, 2%, 5%, 10%, 20% and
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40%), and finally washed with 100% methanol; twenty six fractions were thus collected. Two
compounds were isolated using repeated column chromatography (flash silica gel, 230-400 mesh), and
preparative TLC (silica gel 60 GF254), using ethyl acetate/n-hexane mixtures of various polarities.
Fraction no. 5, obtained using 50% ethyl acetate/n-hexane was loaded on a silica gel column (flash
silica 230-400 mesh) and eluted with gradients of ethyl acetate/n-hexane to purify compounds 1
[40.7 mg; methanol/chloroform (0.5:9.5)] eluted with 90% ethyl acetate/n-hexane and compound 2
[26 mg; methanol/ethyl acetate (1.5:8.5)] eluted with 4% methanol/ethyl acetate.

3.3. Anticancer Activities

Three cancer cell lines: colorectal adenocarcinoma (HT29), colorectal adenocarcinoma (HCT116);
and human hepatoma derived cell line (HepG2) were used for testing the cytotoxicity of both
compounds according to the method of Mosmann [24], and further modified by Kim et al. [25]. All
cell lines were purchased from the ATCC (Manassas, VA, USA). Cell lines were cultured in Advanced
DMEM supplemented with 10% inactivated NBCS and 5 mM L-glutamine, and grown at 37 °C in a
humidified atmosphere of 5% CO: in air. The results were generated from two independent experiments;
each experiment was performed in triplicate by using a MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide] colorimetric assay.

3.4. Allelopathic and Antifungal Activities

The allelopathic potential of both compounds was studied by the method of Khan et al. [26].
Lettuce seeds (Lectuca sativa) were used to indicate the seed growth inhibition. ECso values were also
calculated which is the effective concentration of an extract/compound that induces 50% of inhibition
of the tested organism [27]. Four different concentrations of 20, 50, 100, and 500 ppm of compound
were prepared by dissolving it in 5% DMSO. A filter paper method was used. Fifteen lettuce seeds
were placed on it and the dishes were sealed for incubation at 25 °C for 72 h. The experiment was
repeated three times with three replicates.

Fungal pathogens viz. Aspergillus niger, Fusarium oxysporum, Chaetomium globosum, and
Alternaria alternate were procured from the Leibniz-Institute DSMZ (Braunschweig, Germany).
Antifungal activity was screened using a well-diffusion method [28]. Fungal growth was assessed
against individual concentrations. Potato dextrose agar (PDA) plates were autoclaved at 121 °C for 15 min.
Seven day-old fungal pads were grown on the PDA plates to serve as master plate and later as negative
control. Two wells in each PDA plate were made by using a sterile weller. Three concentrations i.e.,
50, 200 and 500 ppm were prepared. The wells were loaded with different concentrations and fungal
pads are transferred onto plates to assess the level of fungal growth inhibition. The plates were
incubated for 5 days at 28 °C. Negative controls containing no sample were prepared too. Three
replicates were maintained for each experiment, while the experiment was repeated twice.

3.5. Antioxidant Activities

Antioxidant activity of both the compounds was determined using the 1,1-diphenyl-2-picrylhydrazyl
(DPPH) radical scavenging activity assay as reported by Gulati et al. [29]. To DPPH (50 pL of
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0.1 mM; in methanol), 50 puL. of compound (in a concentration range of 1.0 to 500 pg/mL) was mixed
and kept in the dark at room temperature for 60 min. After incubation, the absorbance was recorded at
490 nm. The results were compared with the positive control (ascorbic acid). The antioxidant activity
was expressed as percentage (%) inhibition = (Ac — As/Ac) x 100; where Ac is absorbance of control
and As is the absorbance of sample. The potential of compounds to inhibit the extent of lipid
peroxidation was assessed through a modified thiobarbituric acid reactive substances (TBARS)
method [30]. This was based on the peroxidation of a liposome (phosphatidyl-choline 50 mg/mL)
induced by iron chloride (200 pL, 1 mM) containing potassium chloride (300 mM) in the presence of
both compounds (50 pL). Peroxidation was initiated by ascorbate (125 pL with 0.16 mM) and the
reaction mixture was incubated for 30 min at 37 °C. A mixture of trichloroacetic acid (0.75 mL with
1.5:1 (v:v)) and TBA (0.38%) was added to the reaction mixture. It was kept in boiling water
for 30 min until a pink color appeared. The production of TBARS, mainly malonaldehyde, as a
secondary product of peroxidation, was measured at 535 nm. A control without compound was used as
blank. Inhibition was calculated using the expression (IP%): (1 — At/Ao) % 100; where At and Ao are
compound and control absorbance after incubation for 30 min. The experiment was repeated three
times. Superoxide radical scavenging activity was measured by reducing nitroblue tetrazolium (NBT)
as reported by Hazra et al. [31]. The non-enzymatic phenazine methosulfate-nicotinamide adenine
dinucleotide (PMS/NADH) system generates superoxide radicals, which reduce NBT to a purple
formazan. The 1 mL reaction mixture contained phosphate buffer (20 mM, pH 7.4), NADH (73 uM),
NBT (50 uM), PMS (15 uM) and compounds (20 pg/mL). After incubation for 5 min at room
temperature, the absorbance at 562 nm was measured against blank to determine the quantity of
formazan generated. All tests were performed three times. Quercetin was used as positive control.

4. Conclusions

Local communities of the Arabian region have used Acridocarpus orientalis for medicinal
purposes. This suggests the presence of bioactive chemical constituents. We isolated and identified two
flavonoids: morin (1) and morin-3-O-B-D-glucopyranoside (2) from the methanolic extract. The
compounds showed antifungal, phytotoxic, anticancer and anti-lipid peroxidation properties.

Acknowledgments

The authors would like to thank The Oman Research Council (TRC) for financial support under the
Open Research Program Grant (ORG/CBS/12/004).

Author Contributions

JH, LA, NR, FJ and ALK designed and performed all the experiments. JSK performed the
anticancer activities. JH, LA and AA wrote the article. All authors read and approved the final manuscript.

Conflicts of Interest

The authors declare no conflict of interest.



Molecules 2014, 19 17771

References

1. Bako, S.P.; Bakfur, M.J.; John, I.; Bala, E.I. Ethno-medicinal and phytochemical profile of some
savanna plant species in Nigeria. Int. J. Bot. 2005, 1, 147-150.

2. Williams, R.J.; Spencer, J.P.E.; Rice-Evans, C. Flavonoids: Antioxidants or signalling molecules?
Free Radic. Biol. Med. 2004, 36, 838—849.

3. Soobrattee, M.A.; Neergheen, V.S.; Luximon-Ramma, A.; Aruoma, O.; Bahorun, T. Phenolics as
potential antioxidant theraputic agents: Mechanism and actions. Mutat. Res. 2005, 579, 200-213.

4. Kisksi, T.; Guenaoui, C.; Fawzi, N. Early growth stages of the rare Acridocarpus orientalis in the
UAE-A First step towards conservation. Nat. Resour. 2012, 3, 1-5.

5. Ksiksi, T.; Hamza, A.A. Antioxidant, lipoxygenase and histone Deacetylase inhibitory activities
of Acridocarpus orientalis from Al Ain and Oman. Molecules 2012, 17, 12521-12532.

6. Monthana, R.A.; Lindequist, U.; Gruenert, R.; Bednarski, P.J. Studies of the in vitro anticancer,
antimicrobial and antioxidant potentials of selected Yemeni medicinal plants from the island
Soqotra. BMC Complement. Altern. Med. 2009, 9, 7, doi:10.1186/1472-6882-9-7.

7. Hammiche, V.; Maiza, K. Traditional medicine in central sahara: Pharmacopoeia of Tassili N’ajjer.
J. Ethnopharmacol. 2006, 105, 358-367.

8. Malebo, H.M.; Tanja, W.; Cal, M.; Swaleh, S.A.M.; Omolo, M.O.; Hassanali, A.; Séquin, U.;
Hamburger, M.; Brun, R.; Ndiege, 1.0. Antiplasmodial, anti-trypanosomal, anti-leishmanial and
cytotoxicity activity of selected Tanzanian medicinal plants. Tanzan. J. Health Res. 2009, 11,
226-234.

9. Ghazanfar, S.A. Herbal medicines and practices in northern Oman. In Proceedings of the III
International Congress on Traditional Asian Medicine, Bombay, India, 4—7 January 1990; p. 509.

10. Toker, G.; Memisoglu, M.; Yesilida, E.; Aslan, M. Flavonoids of Tilia argentea Desf. ex DC.
Leaves. Turk. J. Chem. 2004, 28, 745-750.

11. Branco, A.; Pinto, A.C.; Ifa, D.R.; Branz-Filho, R. Two 8C-methylated flavonols from the leaves
of Vellozia candida Mikan (Velloziaceae). J. Braz. Chem. Soc. 2002, 13, 318-323.

12. Markham, K.R.; Chari, V.M.; Mabry, T.J. The Flavonoids: Advances in Research; Harbone, J.B.,
Mabry, T.J., Eds.; Chapman and Hall: London, UK, 1982.

13. Mabry, T.J.; Markham, K.R.; Thomas, M.B. The Systemic Identification of Flavonoids;
Springer Verlag: New York, NY, USA; Heidelberg/Berlin, Germany, 1970.

14. Tachakittirungrod, S.; Ikegami, F.; Okonogi, S. Antioxidant active principles isolated from
Psidium guajava grown in Thailand. Sci. Pharm. 2007, 75, 179—-193.

15. Agarwall, P.K. I3C-NMR of Flavonoids; Elsevier: Amsterdam, The Netherlands, 1989.

16. Alford, E.R.; Vivanco, J.M.; Paschke, M.W. The Effects of flavonoid allelochemicals from
Knapweeds on legume-rhizobia candidates for restoration. Restor. Ecol. 2009, 17, 506-514.

17. Weston, L.A.; Mathesius, U. Flavonoids: Their Structure, biosynthesis and role in the
Rhizosphere, including allelopathy. J. Chem. Ecol. 2013, 39, 283-297.

18. Alam, S. Synthesis, antibacterial and antifungal activity of some derivatives of 2-phenyl-chromen-

4-one. J. Chem. Sci. 2004, 116, 325-331.



Molecules 2014, 19 17772

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Edziri, H.; Mastouri, M.; Mahjoub, M.A.; Mighri, Z.; Mahjoub, A.; Verschaeve, L. Antibacterial,
antifungal and cytotoxic activities of two flavonoids from Retama raetam flowers. Molecules
2012, 17, 7284-7293.

Cotelle, N. Role of Flavonoids in Oxidative Stress. Curr. Top. Med. Chem. 2001, I, 569-590,
doi:10.2174/10569.

Tian, X.; Yang, X.; Wang, K.; Yang, X. The efflux of flavonoids Morin, isorhamnetin-3-O-
rutinoside and diosmetin-7-0-B-D-xylopyranosyl-(1-6)-B-D-glucopyranoside in the human
intestinal cell line Caco-2. Pharm. Res. 2006, 23, 1721-1728.

Jin, H.; Lee, W.S.; Eun, S.Y; Jung, J.H.; Park, H.S.; Kim, G.; Choi, Y.H.; Ryu, C.H.; Jung, J.M,;
Hong, S.C.; et al. Morin, a flavonoid from Moraceae, suppresses growth and invasion of the
highly metastatic breast cancer cell line MDA-MB-231 partly through suppression of the Akt
pathway. Int. J. Oncol. 2014, 45, 1629—-1637.

Munesada, K.; Siddiqui, H.L.; Suga, T. Biologically active labdane-type diterpene glycosides
from the root-stalks of Gleichenia japonica. Phytochemistry 1992, 31, 1533—-1536.

Mosmann, T. Rapid colorimetric assay for cellular growthand survival: Application to proliferation
and cytotoxicity assays. J. Immunol. Methods 1983, 65, 55-63.

Kim, S.C.; Park, S.J.; Lee, J.R.; Seo, J.C.; Yang, C.H.; Byun, S.H. Cytoprotective activity of
Glycyrrhizae radix extract against arsenite-induced cytotoxicity. Evid. Based Complement.
Altern. Med. 2008, 5, 165-171.

Khan, A.L.; Hussain, J.; Hamayun, M.; Kang, S.M.; Watanabe, K.N.; Lee, 1.J. Allelochemical,
Eudesmane-Type Sesquiterpenoids from Inula falconeri. Molecules 2010, 15, 1554—1561.
Hiradate, S.; Morita, S.; Sugie, H.; Fujii, Y.; Harada, J. Phytotoxic cis-cinnamoyl glucosides from
Spiraea thunbergii. Phytochemistry 2004, 65, 731-739.

NCCLS. Reference Method for Broth Dilution Antifungal Susceptibility Testing of Filamentous
Fungi. Approved Standard M38-A; National Committee for Clinical Laboratory Standards:
Wayne, PA, USA, 2002.

Gulati, V.; Harding, I.LH.; Palombo, E.A. Enzyme inhibitory and antioxidant activities of
traditional medicinal plants: Potential application in the management of hyperglycemia.
BMC Complement. Altern. Med. 2012, 12, 77.

Gonzalez-Montelongo, R.; Lobo, M.G.; Gonzalez, M. Antioxidant activity in banana peel
extracts: Testing extraction conditions and related bioactive compounds. Food Chem. 2010, 119,
1030-1039.

Hazra, B.; Biswas, S.; Mandal, N. Antioxidant and free radical scavenging activity of
Spondias pinnata. BMC Complement. Altern. Med. 2008, 8, 63, doi:10.1186/1472-6882-8-63.

Sample Availability: Samples of the compounds 1 and 2 are available from the authors.

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/4.0/).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue true
  /ColorSettingsFile (Europe Prepress)
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeFangsongStd-Regular
    /AdobeFanHeitiStd-Bold
    /AdobeGothicStd-Bold
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeKaitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobeSongStd-Light
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Aharoni-Bold
    /Algerian
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /BrushScriptStd
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Calibri-Light
    /Calibri-LightItalic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Ebrima
    /Ebrima-Bold
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /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
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /FangSong
    /FelixTitlingMT
    /FencesPlain
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Gabriola
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Gautami-Bold
    /Geneva
    /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
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black-Se
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light-Li
    /Helvetica-Condensed-Light-Light
    /Helvetica-Condensed-Oblique
    /Helvetica-Condensed-Thin
    /Helvetica-Conth
    /HelveticaExt-Normal
    /HelveticaExtObl-Heavy
    /HelveticaExtObl-Light
    /HelveticaExtObl-Normal
    /HelveticaInserat-Roman-SemiB
    /HelveticaInserat-Roman-SemiBold
    /Helvetica-Light-Light-Italic
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /HelveticaNarrowBoldLefty
    /Helvetica-Narrow-BoldOblique
    /HelveticaNarrowLefty
    /Helvetica-Narrow-Oblique
    /HelveticaObl-Heavy
    /Helvetica-Oblique
    /HelveticaObl-Thin
    /Helvetica-Roman-SemiB
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoboStd
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KozGoPr6N-Bold
    /KozGoPr6N-ExtraLight
    /KozGoPr6N-Heavy
    /KozGoPr6N-Light
    /KozGoPr6N-Medium
    /KozGoPr6N-Regular
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPr6N-Bold
    /KozMinPr6N-ExtraLight
    /KozMinPr6N-Heavy
    /KozMinPr6N-Light
    /KozMinPr6N-Medium
    /KozMinPr6N-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Narkisim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /Nyala-Regular
    /OCRAExtended
    /OCRAStd
    /OldEnglishTextMT
    /Onyx
    /OratorStd
    /OratorStd-Slanted
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /PoplarStd
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /RosewoodStd-Regular
    /SakkalMajalla
    /SakkalMajallaBold
    /ScriptMTBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SnapITC-Regular
    /Stencil
    /StencilStd
    /Sylfaen
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /Tiger
    /TigerExpert
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /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 (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 841.680]
>> setpagedevice


