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Abstract

Over 70 crude plant extracts, primarily from Kazakhstan, were screened against the freshwater
phytoplanktons Oscillatoria perornata and Selenastrum capricornutum. Extracts from Limonium
myrianthum and Inula helenium both demonstrated selective inhibition against the odor-
producing cyanobacterium O. perornata compared to activity against the green alga S.
capricornutum. Bioassay-guided fractionation of the L. myrianthum dichloromethane extract
resulted in the identification of nepodin, torachrysone, chrysophanol, and physcion. Nepodin
demonstrated the desired selective inhibition with lowest-complete-inhibition concentration
values of 100 pg/mL and >100 pg/mL towards O. perornata and S. capricornutum, respectively.
Similarly, chrysophanol also demonstrated the desired selective inhibition with lowest-complete-
inhibition concentration values of 10 pg/mL and >100 pg/mL, respectively. Bioassay-guided
fractionation of the I helenium hexane extract resulted in the isolation of alantolactone,
isoalantolactone, and 11aH,13-dihydroisoalantolactone. Activities of these three isolated
constituents as well as those of synthetic isomers are reported.

Keywords: Cyanobacteria, 2-methylisoborneol, isoalantolactone, alantolactone, nepodin,
torachrysone, chrysophanol, physcion
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Introduction

Phytoplankton blooms are a common occurrence in eutrophic freshwater lakes, reservoirs, and
ponds. Cyanobacterial blooms (blue-green algae) are the most undesirable type of freshwater
phytoplankton blooms, especially in ponds used to culture channel catfish (Ictalurus punctatus)
in the southeastern United States of America. Among the various negative attributes of
cyanobacterial blooms,' certain species of cyanobacteria found in catfish aquaculture ponds
produce “off-flavor” compounds that can be absorbed into the flesh of the catfish. The most
common off-flavor is “musty” and is caused by 2-methylisoborneol (MIB). Catfish producers are
not able to market the off-flavor catfish until they lose the musty-taint which can take days or
weeks. Such delays in harvest have been estimated to cost catfish producers as much as U.S. $60
million annually.

Most of the pond-raised channel catfish production in the USA occurs in Mississippi and
Alabama. The MIB-producing cyanobacterium Oscillatoria perornata has been attributed as the
primary cause of MIB-related off-flavor in pond-raised catfish in west Mississippi,” and O.
perornata is also prevalent in catfish ponds in east Mississippi and west Alabama.* The most
common management approach used by catfish farmers to manage musty off-flavor is the
application of algaecides such as copper-based products (e.g., copper sulfate, chelated-copper
compounds) and diuron [N’-(3,4-dichlorophenyl)-N,N-dimethyurea] to reduce the abundance of
O. perornata. These products have several negative characteristics including the following: 1)
high persistence in the environment; 2) broad-spectrum toxicity towards non-target
phytoplankton that can lead to a deterioration of water quality (e.g., dramatic reduction of
dissolved oxygen levels) and subsequently endanger fish health; and 3) public’s negative
perception to the use of synthetic compounds in food-fish production ponds. The discovery of
environmentally-safe, selective algaecides would greatly benefit the catfish aquaculture industry.
In order to discover novel compounds with potential use to manage the abundance of O.
perornata in catfish aquaculture ponds, our laboratory has been evaluating extracts from plants
for anti-algal activity using a rapid bioassay. Recently, haplamine that was isolated from
Haplophyllum sieversii, a plant endemic to Kazakhstan, was found to possess selective toxicity
towards certain cyanobacterial species including O. perornata.’ In this study, we present the
additional discoveries of anti-algal compounds from other plants found primarily in the Republic
of Kazakhstan.

Results and Discussion

Crude plant extracts primarily from Kazakhstan were screened against the freshwater
phytoplanktons Oscillatoria perornata and Selenastrum capricornutum (Table 1). Over 70 crude
extracts from 17 separate species were evaluated with extracts from Limonium myrianthum
(Schrenk) Ktzl. (Limoniaceae) and Inula helenium L. (Asteraceae) both demonstrating selective
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inhibition against the odor-producing cyanobacterium O. perornata compared to activity against
the green alga S. capricornutum. Specifically, the dichloromethane extract of the aerial portions
of L. myrianthum as well as the hexane extract of the roots of 1. helenium both demonstrated
selective inhibitions with lowest-complete-inhibition concentration (LCIC) values of 10 ug/mL
and 100 pg/mL against O. perornata and S. capricornutum, respectively.

The results of evaluation of the extract fractions are provided in Table 2. Fractions B and C
from the dichloromethane extract of the aerial portions of L. myrianthum did reveal selective
toxicity and LCIC values of 10 pg/mL for O. perornata, and, therefore, these extracts were
selected to pursue bioassay-guided isolation of the active constituent(s). Further fractionation and
purification of fractions B and C using HPLC resulted in the isolation of four compounds,
nepodin (7a), torachrysone (7b), chrysophanol (8a), and physcion (8b) (Figure 1). Structure
elucidation for all compounds was performed using combinations of GC-MS, high-resolution
MS, and one- and two-dimensional NMR spectroscopy. Final structure confirmation was
accomplished by comparing '"H and C NMR data with that reported in the literature.®”
Chrysophanol (1,8-dihydroxyanthraquinone) was the most active of the four compounds isolated
from fractions B and C from the L. myrianthum extract with a LCIC of 10 pg/mL towards O.
perornata and at least 10X more toxicity when compared with the LCIC results (>100 pg/mL) of
S. capricornutum.

Although fraction C from the hexane extract of the roots of . helenium (LCIC of 10 pg/mL
towards O. perornata) did not show selective toxicity, bioassay-guided isolation for active
compounds was performed anyhow to determine if the isolated pure compounds might reveal
selective toxicity. The LOEC and LCIC values for Copper Control were 1 pg/mL for each test
organism, thereby indicating the lack of selective toxicity for the positive control. The isolated
pure compounds from fraction C of the crude extract from /. helenium were alantolactone (1),
isoalantolactone (4), and 11aH,13-dihydroisoalantolactone (6) (Figure 1). These compounds did
not reveal selective toxicity towards O. perornata and their lowest-observed-effect concentration
(LOEC) and LCIC values were at or above 100 pug/mL (Table 3). Furthermore, none of the
synthetic compounds evaluated were selectively toxic towards O. perornata (Table 3). These
synthetic compounds [11,13-dihydroxyalantolactone (3), Sa-epoxyalantolactone (2) and 4(15)a-
epoxyisoalantolactone (5)] were included in the screening process since they are isomers of
several of the isolated pure compounds from I. helenium and were readily available from a
previous study.’
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Table 1. Algal inhibition screening results for crude plant extracts
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LCIC® (ug/mL)
Extraction 0. S.
Species (Authority) Plant part  solvent” perornata  capricornutum
Achillea millefolium L. Aerial PE >100 >100
Asteraceae H:EtAc:H20 >100 >100
EtOH >100 >100
H,O >100 >100
Allium coeruleum Pall. Aerial DCM >100 >100
Liliaceae EtOH >100 >100
H,0 >100 >100
Roots DCM >100 >100
EtOH >100 >100
H,O >100 >100
Echinops albicaulis Kar. et Kir. Aerial DCM >100 >100
Asteraceae EtOH >100 100
H,0 >100 >100
Roots DCM 100 100
EtOH 100 100
H,O >100 >100
Echinops ritro L. Aerial DCM 100 >100
Asteraceae EtOH 100 >100
H,0 100 100
Echinops spherocephalus L. Aerial DCM 100 >100
Asteraceae EtOH 100 100
H,O 100 100
Echinops transiliensis Golosh. Roots DCM 100 100
Asteraceae EtOH 100 >100
H,0 >100 >100
Aerial DCM >100 >100
EtOH >100 >100
H,O >100 >100
Eremurus fuscus (O. Fedtsch.) Vved.  Aerial PE >100 >100
Asphodelaceae H:EtAc:H20 >100 >100
EtOH >100 >100
H,O >100 >100
Euphorbia latifolia Meyer ex Lebeb ~ Aerial PE >100 >100
Euphorbiaceae H:EtAc:H20 >100 >100
EtOH >100 >100
H,O 100 >100
Seed and
Ferula leiophylla Korov. Racemes DCM >100 100
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LCIC" (ug/mL)
Extraction 0. S.
Species (Authority) Plant part  solvent” perornata  capricornutum
Apiaceae EtOH >100 >100
H,O >100 >100
Ferula soongarica Pall. Ex Spreng. Roots PE 100 >100
Apiaceae H:EtAc:H20 100 >100
EtOH >100 >100
H,O >100 >100
Geranium transversale Kar et. Kir. Aerial DCM >100 >100
Geraniaceae EtOH 100 >100
H,O >100 >100
Inula helenium L. Roots Hexane 10 100
Asteraceae DCM 100 100
MeOH >100 >100
Limonium myrianthum Shrenk. Aerial DCM 10 100
Plumbaginaceae EtOH 100 >100
H,O 100 100
Roots DCM 100 100
EtOH 100 100
H,O >100 >100
Linaria pedicellata Kuprian. Aerial DCM >100 >100
Plantaginaceae EtOH >100 >100
H,O >100 >100
Tragopogon ruber S.G. Gmel. Aerial DCM >100 >100
Asteraceae EtOH >100 >100
H,O >100 >100
Roots DCM >100 >100
EtOH >100 >100
H,O >100 >100
Verbascum orientalis Aerial DCM >100 >100
Scrophulariaceae EtOH 100 >100
H,O >100 >100
Zygophyllum brachypterum Kar. et
Kir. Aerial DCM >100 >100
Zygophyllaceae EtOH >100 >100
H,O >100 >100

* PE = petroleum ether; H:EtOAc:H,O = hexane:ethyl acetate:H,O, 54:44:2; DCM = methylene
chloride; EtOH = ethanol. ® Lowest-complete-inhibition concentration.
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Table 2. Evaluation of column chromatography fractions from 1. helenium and L. myrianthum
for antialgal activity

LCIC? (ug/mL)
Species Plant part Solvent Fraction O. perornata S.
capricornutum
L. helenium Roots Hexane A >100 >100
B >100 >100
C 10 10
D >100 >100
E >100 100
L. myrianthum  Aerial DCM A 100 >100
B 10 >100
C 10 >100
D 100 100
E 100 100
F >100 >100
G >100 >100

* Lowest-complete-inhibition concentration.

7aR=H 8aR=H
7b R = OMe 8b R =0OMe

Figure 1. Isolated and semi-synthetic compounds from L. myrianthum and I. helenium.
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Table 3. Evaluation of pure compounds isolated from I helenium and L. myrianthum for
antialgal activity

O. perornata S. capricornutum

Source Compound LOEC* LCIC® LOEC* LCIC®

(ug/ml)  (pg/ml) (pg/ml)  (ug/mL)

L. helenium alantolactone (1) >100 >100 >100 >100
isoalantolactone (4) 100 100 100 100
11aH,13-dihydroisoalanto- 100 100 100 100
lactone (6)

L. myrianthum nepodin (7a) 10 100 100 >100
torachrysone (7b) 100 100 100 >100
chrysophanol (8a) 10 10 >100 >100
physcion (8b) >100 >100 >100 >100

Synthetics 11,13-dihydroxyalantolactone >100 >100 >100 >100
3)

Sa-epoxyalantolactone (2) 100 100 100 100
4(15)a-epoxyisoalantolactone 100 100 100 100
)]

“LOEC = Lowest-observed-effect concentration.
b LCIC = Lowest-complete-inhibition concentration.

Previously, various anthraquinones have been found to be moderately to highly toxic
towards O. perornata.'""'* Schrader reported that chrysophanol was toxic towards O. perornata
with a LCIC of 100 pM (24 pg/mL), but toxicity was not observed at 10 uM (2.4 pg/mL)."* The
moderate toxicity of chrysophanol is less than other anthraquinone-based compounds that have
undergone efficacy testing in catfish ponds. Several water-soluble anthraquinone-based
compounds evaluated by Schrader et al. have LCIC values of 0.1 pM (below 1.0 pg/mL)."
Therefore, chrysophanol is not as preferable as these other anthraquinone-based compounds for
use as a selective algaecide in catfish aquaculture due to the greater amount of compound that
would be required for reducing the abundance of O. perornata in catfish ponds, thereby resulting
higher economic costs to catfish producers. Other considerations before pursuing efficacy testing
in catfish aquaculture ponds of compounds such as chrysophanol include the development of a
formulation or modification of the chemistry of the compound to impart water solubility and the
determination of any potential mutagenic and/or antibiotic properties or other unfavorable
characteristics for a compound being considered for use as an algaecide in food-fish production
ponds.

In summary, extracts from /nula helenium and Limonium myrianthum have yielded anti-
algal compounds. We continue to evaluate extracts from plants obtained from Kazakhstan to
discover selective algaecides to help manage musty off-flavor in pond-raised channel catfish.
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Experimental Section

General Procedures. !H- and 13C-NMR spectra were recorded in CDCl3 on a Bruker Avance

400 MHz spectrometer (Billerica, Massachusetts, USA). All *C multiplicities deduced from 90°
and 135° DEPT experiments. Column chromatography was performed using a Biotage, Inc.
(Charlottesville, Virginia, USA) Horizon™ Pump equipped with a Horizon™ Flash Collector
and fixed wavelength (254 nm) detector. High-resolution mass spectra were obtained using an
Agilent 1100 HPLC coupled to a JEOL AccuTOF (JMS-T100LC) (Peabody, Massachusetts,
USA). HPLC method development work was performed using an Agilent 1100 system equipped
with a quartenary pump, autosampler, diode-array detector, and vacuum degasser. Semi-
preparative HPLC purifications were performed using a Waters Delta-Prep system (Milford,
Massachusetts, USA) equipped with a diode-array detector and a binary pump.

GC-MS analysis. Isolated and synthetic compounds were analyzed by GC-MS on a Varian CP-
3800 GC coupled to a Varian Saturn 2000 MS/MS. GC was equipped with a DB-5 column (30 m
x 0.25 mm fused silica capillary column, film thickness of 0.25 pm) operated using the following
conditions: injector temperature, 240 °C; column temperature, 60-240 °C at 3 °C/min then held at
240 °C for 5 min; carrier gas, He; injection volume, 1 pL (splitless). MS ionization energy was
set to 70 eV.

High-resolution LC-MS analysis. All isolated compounds were prepared in methanol and
injected directly into a 0.3 mL/min stream of a 20% H,0/80% MeOH solution containing 1
ng/mL L-tryptophan. Mass drift compensations were performed relative to PEG [M + Na]
adducts for positive ion analysis while mass drift compensations were performed relative to L-
tryptophan [M + H]" and/or [2M + H]" ions for negative ion analysis.

Plant material. Roots of 1. helenium L. were collected on June 25, 1995, and obtained from Mr.
George Sturtz of Aromagen, 31787 Peoria Road, Albany, Oregon 97321, USA. A voucher
(Sturtz-Fischer No. 570) is deposited at the Louisiana State University Herbarium in Baton
Rouge, Louisiana, USA.

Roots and aerial parts of L. myrianthum were collected on June 19, 2004, at the southern
shoreline of Kapchagai reservoir, where representatives of Chenopodiaceae family dominated.
Accompanying species were Ferula ovina, Nitraria schobertii, Artemisia species, Atriplex
hastate, Petrosimonia brachiata, and Bassia seoloides. A voucher (6351/25-1960) is deposited at
the Institute of Botany and Phytointroduction Herbarium, Almaty, Kazakhstan.

All other plant material was collected in a manner similar to that described above for L.

myrianthum. Voucher specimens for all other plants have been deposited in the Institute of
Botany and Phytointroduction Herbarium, Almaty, Kazakhstan.
Crude extractions. Small pieces of fresh roots (4.5 kg) of I helenium were dried at room
temperature for two weeks and then soaked in hexane (8.5 L) for 24 hours. The solvent was
decanted from the plant residue and evaporated in vacuo to yield 15.2 g of crude extract. The
residual plant material was re-soaked for 24 hours in CH,Cl, (7.8 L) and subsequently extracted
for 24 hours in MeOH (7.8 L), yielding 23.3 g and 85.2 g, respectively.

ISSN 1424-6376 Page 72 ©ARKAT



Issue in Honor of Prof. Atta-ur-Rahman ARKIVOC 2007 (vii) 65-75

Aerial parts (0.5 kg) were air-dried followed by grinding in a Willey-Mill plant grinder. Ground
plant material was extracted at room temperature using 2.3 L of CH,Cl, providing 7.4 g of
extractables after evaporation of solvent. Dried marc was subsequently extracted using 2.2 L of
ethanol (95%) providing 11.7 g of extractables following evaporation of solvents. Lastly,
extraction with H,O provided 20.7 g of extractables after lyophilization to remove H,O. All other
plant material has been extracted in a manner similar to that described above for L. myrianthum.
Isolation and identification of Inula helenium compounds. A portion of the I helenium
hexane roots extract (1.503 g) was adsorbed to silica gel and applied to a silica gel
chromatography column (40-63 pum, 40 x 150 mm, 60 A). Elution of the column was performed
using increasing polarity mixtures of hexane/EtOAc in a series of three linear gradient steps.
Step 1 consisted of 100/0 to 90/10 using 1599 mL with step 2 consisting of 90/10 to 75/25 using
399 mL. Step 3 consisted of 75/25 to 0/100 using 399 mL and the column was washed with 1152
mL of EtOAc. Column eluate was collected in 24-mL test tubes and, based on TLC similarities,
recombined into 5 fractions [A, 1-74, 23 mg; B, 75-83, 32 mg; C, 84-96, 1.176 g; D, 97-108, 223
mg; E, 109-150, 48 mg]. Further purification of the bioactive fraction C was accomplished using
repeated VLC procedures on silica gel, as described previously,'*" to yield pure compounds 1,
4, and 6. Identification was accomplished by comparison of spectroscopic data with that reported
in the literature.'*"?

Derivatization of 1. helenium compounds. Compounds 1 and 4 were converted to their
respective mono-epoxide isomers Sa-epoxyalantolactone (2) and 4(15)a-epoxyisoalantolactone
(5) using previously described methods.”'® Similarly, compound 1 was oxidized to its respective
diol, 11,13-dihydroxyalantolactone (3), using previously described methods and procedures.’
Identification of all compounds was performed by comparison of spectral data with that reported
in the literature.”'®

Isolation and identification of Limonium myrianthum compounds. A portion of the L.
myrianthum CH,Cl, roots extract (3.010 g) was adsorbed to silica gel and applied to a silica gel
chromatography column (40-63 pum, 40 x 150 mm, 60 A). Elution of the column was performed
using increasing polarity mixtures of hexane/EtOAc in a series of three linear gradient steps.
Step 1 consisted of 100/0 to 90/10 using 1152 mL with step 2 consisting of 90/10 to 50/50 using
801 mL. Step 3 consisted of 50/50 to 0/100 using 399 mL and the column was washed with 398
mL of MeOH. Column eluate was collected in 24-mL test tubes and based on TLC similarities,
recombined into 7 fractions [A, 1-8, 152 mg; B, 9-24, 686 mg; C, 25-60, 26 mg; D, 61-69, 776
mg; E, 70-73, 153 mg; F, 74-100, 574 mg; G, MeOH wash, 153 mg].

Fraction B (220 mg) was further purified using HPLC utilizing an Agilent Zorbax SB-C18
column (21.2 x 250 mm, 7 pm). Mobile phase consisted of an isocratic solvent system (75%
acetonitrile (ACN)/25% water containing 0.1% trifluoroacetic acid) flowing at 20 mL/min for 20
minutes. A total of four peaks [7a (3.80 min); 7b (4.53 min); 8a (6.67 min), and 8b (7.79 min)]
were collected while monitoring at 254 nm and making multiple injections. Solvent was removed
by rotary evaporation followed by lyophilization to remove water resulting in 33 mg of 7a, 9 mg
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of 7b, 62 mg of 8a, and 31 mg of 8b. Fraction C was also analyzed as described above for
fraction B revealing the presence of compounds 7a, 7b, 8a, and 8b.

Nepodin (7a). GC-EI-MS m/z 216.0 (100), 201 (39); 'H (400 MHz)® and *C NMR (100 MHz)’
data (CDCIl;) were in complete agreement with that which has been reported previously.
Torachrysone (7b). High resolution positive ion ESI-MS m/z 247.0955 [M + H]", calculated for
Ci14H1504, 247.0970. '"H NMR (400 MHz in CDCI;) data were in complete agreement with that
which has been reported previously.®

Chrysophanol (8a). GC-EI-MS m/z 254.0 (100), 226 (12); 'H (400 MHz) and °C NMR (100
MHz) data (CDCls) were in complete agreement with that which has been reported previously.’
Physcion (8b). GC-EI-MS m/z 284.0 (100), 255 (10); '"H NMR (400 MHz in CDCl;) data were
in complete agreement with that which has been reported previously.”

Anti-algal bioassay experimental. An isolate of O. perornata was obtained from water samples
collected from Mississippi catfish ponds.'” The green alga Selenastrum capricornutum was
obtained from Dr. J.C. Greene, United States Environmental Protection Agency, Corvallis,
Oregon, USA, and was used as a representative of green algae in the bioassay to determine
selective toxicity of extracts, fractions, and pure compounds. In order to provide a source of cells
growing at a fairly constant rate for the bioassay, cultures of each microorganism were
maintained in continuous culture systems using the conditions of Schrader et al.'®

The same procedures outlined by Cantrell et al. were used to conduct the rapid bioassay.’
Reusable 96-well quartz microplates (Hellma Cells, Inc., Forest Hills, New York, USA) were
used for samples and compounds that were not soluble in water, methanol, or ethanol.
Polystyrene microplates (Corning Inc., Corning, New York, USA) were used to test extracts,
fractions, and pure compounds that were soluble in water, methanol, or ethanol. Copper Control,
a chelated-copper compound produced by Argent Chemical Laboratories (Redmond,
Washington, USA), was used for a positive control.

Anti-algal bioassay data analysis. Mean values and standard deviations of absorbance
measurements were calculated and graphed to determine the lowest-observed-effect
concentration (LOEC) and lowest-complete-inhibition concentration (LCIC). Crude extracts with
LCIC values of 10 pg/mL or less for O. perornata and with at least 10X higher LCIC values for
S. capricornutum, thereby indicating selective toxicity towards O. perornata, were considered to
be suitable for pursuing bioassay-guided isolation of active constituents. Fractions with LCIC
values of 10 pg/mL or less for O. perornata were considered to be suitable for pursuing
bioassay-guided isolation of active constituents. Pure compounds with LCIC values of 10 ug/mL
or less for O. perornata and with at least 10X higher LCIC values for S. capricornutum were
considered to be active compounds.

ISSN 1424-6376 Page 74 ©ARKAT



Issue in Honor of Prof. Atta-ur-Rahman ARKIVOC 2007 (vii) 65-75

Acknowledgments

The authors thank Solomon Green III, Amber Callahan, Ramona Pace, and Phaedra Page for
technical assistance. Financial support from ISTC Project K-790 is greatly appreciated.

References

1. Paerl, H. W.; Tucker, C. S. J. World Aquacult. Soc. 1995, 26, 109.

2. Tucker, C. S. Rev. Fish. Sci. 2000, 8, 45.

3. Martin, J. F.; Izaguirre, G.; Waterstrat, P. Water Res. 1991, 25, 1447.

4. Schrader, K. K.; Dennis, M. E. Water Res. 2005, 39, 2807.

5. Cantrell, C. L.; Schrader, K. K.; Mamonov, L. K.; Sitpaeva, G. T.; Kustova, T. S.; Dunbar,

o

10.

11.

12.

13.

14.
15.

16.
17.
18.

C.; Wedge, D. E. J. Agric. Food Chem. 2005, 53, 7741.

Li, X.; McLaughlin, J. L. J. Nat. Prod. 1989, 52(3), 660.

Colegate, S. M.; Dorling, P. R.; Huxtable, C. R.; Skelton, B. W.; White, A. H. Aust. J.
Chem. 1985, 38(8), 1233.

Alemayehu, G.; Abegaz, B.; Snatzke, G.; Duddeck, H. Phytochemistry 1993, 32(5), 1273.
Danielsen, K.; Aksnes, D. W. Magn. Reson. Chem. 1992, 30, 359.

Cantrell, C. L.; Abate, L.; Fronczek, F. R.; Franzblau, S. G.; Quijano, L.; Fischer, N. H.
Planta Med. 1999, 65, 351.

Schrader, K. K.; de Regt, M. Q.; Tidwell, P. R.; Tucker, C. S.; Duke, S. O. Bull. Environ.
Contam. Toxicol. 1998, 60, 651.

Schrader, K. K. In Off-flavors in Aquaculture, Rimando, A. M.; Schrader, K. K., Eds.,
American Chemical Society: Washington, DC, 2003; ACS Symp. Ser. 848, pp 195-208.
Schrader, K. K.; Nanayakkara, N. P. D.; Tucker, C. S.; Rimando, A. M.; Ganzera, M.;
Schaneberg, B. T. Appl. Environ. Microbiol. 2003, 69, 5319.

Kashman, Y.; Lavie, D.; Glotter, E. Israel J. Chem. 1967, 5, 23.

Bohlmann, F.; Mahanta, P. K.; Jakupovic, J.; Rastogi, R. C.; Natu, A. A. Phytochemistry
1978, 17, 1165.

Jakupovic, J.; Jaensch, M.; Bohlmann, F.; Dillon, M. O. Phytochemistry 1988, 27, 3551.
van der Ploeg, M.; Dennis, M. E.; de Regt, M. Q. Water Sci. Technol. 1995, 31, 173.
Schrader, K. K.; de Regt, M. Q.; Tucker, C. S.; Duke, S. O. Weed Technol. 1997, 11, 767.

ISSN 1424-6376 Page 75 ®ARKAT




<<
  /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


