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Emodin Isolated from Cassia obtusifolia (Leguminosae) Seed
Shows Larvicidal Activity against Three Mosquito Species

Y oUNG-CHEOL YANG," Mi-YouN Lim,8 AND HoI-SEON LEE* 8

Faculty of Biotechnology and Institute of Agricultural Science and Technology,
College of Agriculture, and Department of Advanced Organic Materials Engineering,
Chonbuk National University, Chonju 561-756, South Korea

Mosquito larvicidal activity of Cassia obtusifolia (Leguminosae) seed-derived materials against the
fourth-instar larvae of Aedes aegypti, Aedes togoi, and Culex pipiens pallens was examined. The
chloroform fraction of C. obtusifolia extract showed a strong larvicidal activity of 100% mortality at 25
mg/L. The biologically active component of C. obtusifolia seeds was characterized as emodin by
spectroscopic analyses. The LCs values of emodin were 1.4, 1.9, and 2.2 mg/L against C. pipiens
pallens, A. aegypti, and A. togoi, respectively. Pirimiphos-methyl acts as a positive control directly
compared to emodin. Pirimiphos-methyl was a much more potent mosquito larvicide than emodin.
Nonetheless, emodin may be useful as a lead compound and new agent for a naturally occurring
mosquito larvicidal agent. In tests with hydroxyanthraguinones, no activity was observed with alizarin,
danthron, and quinizarin, but purpurin has an apparent LCsq value of ~19.6 mg/L against A. aegypti.
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INTRODUCTION possess some medicinal properties, such as an antiseptic,
antioxidant, and antimutagen (82—15). However, despite of

all these studied activities, relatively little work has been carried
out on the larvicidal effects o€a. obtusifoliaseed-derived
materials against mosquito larvae. In this paper, we assessed

The yellow fever mosquitoeéedes aegypiiL.) and Aedes
togoi (Theobald), and the northern house mosquifulex
pipiens pallengCoquillett), are widespread and serious primary

medical insect pests. Control of these mosquito larvae is he larvicidal ity of th . ‘solated f
frequently dependent on continued applications of organophos-t e larvicidal activity of the active component isolated from
Ca. obtusifoliaseeds, the synthetic larvicide pirimiphos-methyl,

phates such as temephos and fenthion and insect growth i ol lable hvd h ' d
regulators such as diflubenzuron and methopréheA(though an | (;ur Cﬁ”.”mefc;a y av;;‘a eny _’rA(\)xyant_ ra(giténon_es_ against
effective, their repeated use has disrupted natural biological ea:rly ourth-instar larvae 0. aegyptiA. togol andCu. pipiens
control systems and led to outbreaks of insect species, sometime8§a!€Ns-
resulted in the widespread development of resistance, hadMATERIALS AND METHODS
undesirable effects on nontarget organisms, and fostered envi- ) o ) ) o
ronmentaland human health concerns (2-6), These problems, TESE ALz, saven, e, b, i, o
have highlighted the need for the development of new strateglesWI). All other chemicals were of reagent grade.

for selective mosquito Iarva_l control. . Insects. Laboratory F21 strain of. aegyptiwas obtained in 2000
Plants may be an.alternayve source of mosq!'”to Iarva! agentSgrom the National Institute of Health, Seoul, South Kor€a. pipiens
because they constitute a rich source of bioactive chemitals (' pallensandA. togoiwere collected at Seoho stream, Suwon (Kyunggi
8). Much effort has, therefore, been focused on plant extracts province), South Korea. Adult mosquitoes were maintained on a 10%
or phytochemicals as potential sources of commercial mosquito- aqueous sucrose solution and blood from a live mouse, whereas larvae
control agents or as bioactive chemical compou®d4@). The were reared in a plastic butt (2435 x 5 cm) and fed a sterilized diet
current authors have already reported and confirmed that among(80:20 mix of chick chow powder/yeast). Mosquitoes were held at
25 leguminous seeds, the methanol extra@assia obtusifolia ~ 28 = 2 °C and 70+ 5 °C relative humidity under a photoregime of
andCassia toraseeds exhibits a potent larvicidal activity against 16:8 h (L/_ D). . o
A. aegyptiand Cu. pipiens palleng11). These plant species Extraction and Isolation. The seeds ofCa. obtusifolia were

- h S : purchased from a local market in Chonju and identified by Prof. Sang-
are not only important as insecticides but also considered to Hyun Lee (Forestry Department, Chonbuk National University, South

- Korea). Ca. obtusifoliaseeds (4.9 kg) were ground in a blender,

25; goérﬁqiﬁfﬂg;ggo%ﬁ% gﬁlﬁﬁgggﬁ(2533|;r2)70'25442 fax-82-63-270- extracted twice with methanol (10 L) at room temperature for 2 days,
f Ifaculty of Biotechnology and Institute of Agricultural Science and antz flltere_d. The combined filtrate was concentrated gnder vacuum at

Technology. 45 °C to yield 11.8%. The extract (20 g) was sequentially partitioned
§ Department of Advanced Organic Materials Engineering. into hexane (1.5 g), chloroform (3.9 g), ethyl acetate (2.5 g), butanol
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(3.4 g), and water-soluble (8.7 g) portions. The organic solvent portions
were concentrated to dryness by rotary evaporation &C4%vhereas
the water portion was freeze-dried. For isolati@a,. obtusifoliaseed-
derived fractions were bioassayed against fourth-instar larvak. of
aegypti.

The chloroform (15 g) portion was chromatographed on a silica gel

Yang et al.

Table 1. Mosquito Larvicidal Activity of Constituent Derived from Ca.
obtusifolia Seeds and Hydroxyanthraquinones against Fourth-Instar
Larvae of A. aegypti

mortality (%, mean? + SE)

) compound 20.0mg/L  100mg/L 50mglL 25mglL  1.0mg/L LCs
column (Merck 70—230 mesh, 900 g, 6.0 i.k 90 cm), and lzari 0.0 "
successively eluted with a stepwise gradient of chloroform/methanol iZarn — 0£0.0d — NT NT NT NT 0
. . danthron 0+ 0.0d NT NT NT NT 0
(0, 10, 20, 30, 40, and 50%). The active 30% fraction (5.9 g) of the emodin 100a 100a 100a 58.4+24b 19.6+31° 19
chloroform fraction showed a strong larvicidal activity (100% mortality)  pypuin - 51.1+35b 142+35¢c 0+00d NT  NT 196
againstA. aegyptiat 25 mg/L. The active 30% fraction was chromato-  guinizarin 0+0.0d  NT NT NT NT 0

graphed on a silica gel column and eluted with chloroform/methanol
(30:1). Column fractions were analyzed by TLC (silica gel 684F
chloroform/methanol, 30:1), and fractions with similar TLC patterns
were combined. The bioactive fraction (2.8 g) showed a strong larvicidal
activity (100% mortality) againsh. aegyptiat 25 mg/L. The bioactive
fraction was chromatographed over a Sephadex LH-20 column (Phar-
macia, 800x 49 mm) using chloroform/acetone/methanol (50:1:2). This
operation was repeated three times. Active fraction (718 mg) showed
a strong larvicidal activity (100% mortality) againAt aegyptiat 25
mg/L. The active fraction was chromatographed over a Polyclar AT
column (Touzart and Matignon, 100 g) packed with chloroform/acetone
(50:1, v/v) and eluted with an increasing ratio of methanol (1, 2, 5, 10,
and 20%). Active fraction (205 mg) showed a strong larvicidal activity
(100% mortality) againsA. aegyptiat 25 mg/L. The active fraction
was finally purified successively on a Sephadex LH-20 column
(Pharmacia) eluted with chloroform/methanol (6:4, v/v) and cellulose
(Merck) eluted with chloroform/methanol (6:4, v/v). Finally, the active
compound (79 mg) was isolated. Structural determination of the active
isolate was made by spectral analy3i$.and**C NMR spectra were
recorded with a Bruker AM-500 spectrometer. UV spectra were
obtained on a Waters 490 spectrometer, IR spectra on a Bio-Rad FT-
80 spectrophotometer, and mass spectra on a JEOL JMS-DX 30

ap = 0.05, Scheffe’s test (SAS Institute). ® Dose expressed in mg/L. ¢ Not
tested.
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Bioassay.Concentrations ofa. obtusifoliaextract and the fractions

were prepared by serial dilution of a stock solution of the sample in O‘O

ethanol. Each sample in ethanol was emulsified in distilled water with

Triton X-100 added at the rate of 10 mL/L. Groups of 25 early fourth- o o

instar larvae ofA. aegyptiA. togoi, andCu. pipiens pallensvere placed

into paper cups (270 mL) containing each test solution (250 mL), using
a micropipet. The toxicity of each sample was determined at 25, 20, Figure 1. Structures of hydroxyanthraquinones: 1, emodin (3-methyl-
10, 5, 2.5, 1.0, 0.5, 0.25, 0.125, 0.1, and 0.05 mg/L. Controls received 1,6,8-trihydroxyanthraquinone, C-15); 2, alizarin (1,2-dihydroxyanthraqui-
ethanol/Triton X-100 solution only. Treated and control larvae were none, C-14); 3, danthron (1,8-dihydroxyanthraguinone, C-14); 4, purpurin

held at the same conditions mentioned earlier. Larvicidal activity was (1,2,4-hydroxyanthraquinone, C-14); 5, quinizarin (1,4-dihydroxyanthraqui-
evaluated 24 h after treatment. Larvae were considered to be dead ifyope C-14).

appendages did not move when prodded with a wooden dowel. All
treatments were replicated four times. No mortality was observed in againstA. aegyptiTable 1), and it was characterized by spectral
any control group. Lethal concentration 50 @gCis median lethal analyses as emodirrigure 1). The compound was identified
concentration. on the basis of the following evidence: orange needles from
Statistical Analyses.The percentage of mortality was determined EtOH, mp 266-263°C; IR (KBr) vmax 3425 (O-H), 1677, 1627
and transformed to arcsine square-root values for analyses of variancC=0) cnt?!; UV (MeOH) Amax NM (log €) 248 (4.11), 262
(ANOVA). Treatment means were compared and separated by Scheffe’s(4,12), 285 (4.18), 432 (3.92%4 NMR [(CD3).CO] 6 2.46 (3H,
test atP = 0.05 (L6). Means & SE) of ur_ltransfor_med data are reported. s, Ar-CHs), 6.65 (1H, dJ = 2.5 Hz, H-2), 7.12 (1H, br s, H-7),
LCso values were calculated by Probit analysis (17). 7.24 (1H, dJ = 2.5 Hz, H-4), 7.55 (1H, br s, H-5), 12.05 (1H,
s, OH), 12.18 (1H, s, OH); HREIM$/z 270.0515 (GsH1¢0s);
RESULTS AND DISCUSSION 13C NMR [(CD3),CO] 6 191.9, 182.2, 167.0, 165.9, 161.9,
During the initial experiments, the larvae &f aegyptiwere 149.3, 136.6, 134.0, 124.8, 121.2, 114.4, 110.0, 109.7, 108.6,
selected as reference mosquito because the current authors ha2il.8. The isolation and spectral analyses of emodin f@an
already reported that the extract@&. obtusifoliaandCa. tora obtusifolia have already been reported for the study of an-
exhibits a potent larvicidal activity against early fourth-instar thraquinones isolated fromdeterodermia obscuratél8). Our
larvae ofA. aegyptiandCu. pipiens pallen§l1). The methanolic data are identical to the data of Cohen and Tow&8).(
extract of Ca. obtusifoliaseed possessed mosquito larvicidal Emodin has apparent lsgvalues of approximately 1.4, 1.9,
activity againstA. aegypti, as did the chloroform fraction, and 2.2 mg/L againsCu. pipiens pallensA. aegypti, andA.
producing 100% mortality at 25 mg/L (not shown). However, togoi(Table 2). Recently, two reports showed that the extract
no activity was produced from any of the other fractions even of Tagetes minutd.. had strong biocidal effects on both the
at 40 mg/L. Leguminosae plants have been known for their use larvae and adults oA. aegyptiL. and Anopheles stephenki
as antimicrobial agents and also for their strong mosquito (19). The insecticidal components isolated from the plant extract
larvicidal materials 11, 12). In our study, one active isolate were four thiophenes: 5-(but-3-en-1-ynyl)-2(fthiophene,
from the chloroform fraction showed strong larvicidal activity =~ 5-(but-3-en-1-ynyl)-5'-methyl-2,2'-bithiophene, 2,2',5',5"-ter-
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Table 2. Mosquito Larvicidal Activity of Emodin Derived from Ca. (4) Chandre, F.; Darriet, F.; Darder, M.; Cuany, A.; Doannio, J. M.

obtusifolia Seeds and Organophosphorus Insecticide against C.; Pasteur, N.; Guillet, P. Pyrethroid resistance Gulex

Fourth-Instar Larvae of Various Mosquitoes quinquefasciatugrom West Africa.Med. Vet. Entomol1998,
12, 359—366.

LCso (5) Casida, J. E.; Quistad, G. B. Insecticide targets: learning to keep
compound mosquito species  slope£SE  (mg/l)  95% CL?2 up with resistance and changing concepts of safggyic. Chem
emodin C.pipienspallens  195+019 14  118-188 Biotechnol.2000,43, 185-191. y _ _

A. aegypti 231+0.27 1.9 1.42-258 (6) Lee, S. E.; Kim, J. E.; Lee, H. S. Insecticide resistance in

A. togoi 267+035 22 1.69-3.07 increasing interestAgric. Chem.Biotechnol.2001, 44, 105—
pirimiphos-methyl  C. pipiens pallens ~ 1.29 + 0.15 0.13 0.10-0.16 112.

A. aegypti 155+£021 016  012-0.19 (7) Wink, M. Production and application of phytochemicals from

A. togoi 1.78+£0.16 0.21 0.18-0.26

an agricultural perspective. Phytochemistry and Agriculture;
van Beek, T. A., Breteler, H., Eds.; Clarendon Press: Oxford,

2 Confidence limit. U.K., 1993; pp 171—213.

. A . (8) Kim, S. I; shin, O. K.; Song, C.; Cho, K. Y.; Ahn, Y. J.
thiophene, and 5-methyl-2,3',2 'terth'Ophene (20). _These Insecticidal activities of aromatic plant extracts against four
compounds eventually may be considered as alternatives to the agricultural insectsAgric. Chem Biotechnol 2001,44, 23-26.
currently used insecticides. Furthermore, emodin isolated from  (9) Arason, J. T.; Philogene, B. J. R.; Morand, P. Insecticides of

Rhamnus alnifolidnad strong functions as a deterrent to foliage- plant origin.Am. Chem. Soc. Symp. S&889,No. 387.

feeding insects such as gypsy moth larvae and eastern tent (10) Sukumar, K.; Perich, M. J.; Boobar, L. R. Botanical derivatives
caterpillar larvae (21). There was little attack on foliageRof in mosquito control: a reviewd. Am. Mosg. Control Assot991,
alnifolia in wild stands compared with associated species of 7,210-237.

woody plants. In this present study, the tedesspecies tested (11) Jang, Y. S.; Baek, B. R; Yang, Y. C.; Kim, M. K;; Lee, H. S.
were more tolerant to emodin th&@u. pipiens pallensEmodin Larvicidal activity of leguminous seeds and grains agaftestes

may be useful as a lead compound and new agent for a naturally aegyptia”dcullex pipiens pallenDiptera: Culicidae)J. Am.
occurring mosquito larvicidal agent. (12) '\K/Ii?;gélf::aorgrf)TglfiZ%czl\?loétt?j’iezslgn_ t2r11eséonstituents in the roots
To assess mosquito larvicidal activity of hydroxyanthraqui- P L

tructurall lated to alizarin. danth . d of Cassia obtusifoliaL. and the antimicrobial activities of
nones structurally related to alizarin, danthron, purpurin, an constituents of the roots and the seedakugaku ZassHi986,

quinizarin Figure 1), four commercially available hydroxyan- 106, 302—306.

thraquinones were tested agailstaegypti(Table 1). In our (13) Choi, J. S.; Lee, H. J.; Park, K. Y.; Ha, J. O.; Kang, SIrS.
study, no activity was observed for alizarin, danthron, and vitro antimutagenic effects of anthraquinone aglycones and
quinizarin, even at 20 mg/L. Purpurin has an apparenigLC naphthopyrone glycosides fro@assia toraPlanta Med.1997,
value 0f~19.6 mg/L againsf. aegypti(Table 1). Emodin could 63, 11-14.

be useful for managing field populations©b. pipiens pallens (14) Yen, G. C.; Chen, H. W.; Duh, P. D. Extraction and identification
A. aegyptiandA. togoi although the mosquito larvicidal activity of an antioxidative component from Jue Ming Z4ssia tora

of emodin was lower than that of pirimiphos-methyl, a com- L.). J. Agric. Food Chem1998,46, 820—824.

monly used insecticideT@ble 2). In the pioneering work on (15) Yen, G. C,; Chung, D. Y. Antioxidant effects of extracts from
three series of analogues or derivatives coferthienyl as Cassia toraL. prepared under different degrees of roasting on
mosquito larvicides, only the methyl-substituted derivative of the oxidative damage to biomolecules. Agric. Food Chem.

a-terthienyl increased phototoxicity against mosquito larvae 1999,47, 1326~1332.
y P y ag q (16) SAS Institute. SAS/STAT User's Guide, version 6; SAS Insti-

(22). The methyl terthienyl is the only naturally occurring tute: Cary, NC, 1990.

derivative, probably suggesting that evolutionary pressure by (17) Finney, D. JProbit Analysis 3rd ed.; Cambridge University
insects on plants has selected efficient structures for plant Press: London, U.K., 1971.

defense. In this study, the data of emodin (3-methyl-1,6,8- (18) Cohen, P. A.; Towers, G. H. N. The anthraquinoneletero-
trinydroxyanthraquinone) in four commercially available hy- dermia obscurataPhytochemistry1 995,40, 911—915.
droxyanthraquinones are similar to those of the methyl terthi- (19) Perich, M. J.; Wells, C.; Bertsch, M.; Treadway, K. E. Toxicity
enyl. In the iodo series, activity declines rapidly in the order of of extracts from thre@agetesagainst adults and larvae of yellow
increasing iodination. In the third series, substitution of the fever mosquito and\nopheles stenphen®iptera: Culicidae).
middle ring with a benzene ring slightly reduces activity, J. Med. Entomol1994,31, 833—-837.

whereas pyridine substitution reduces the phototoxic effect by (20) ;etg(;hfn ';"e CJtié:i\éV;”:éan';oi‘zrrt]fg%ngt;en"f‘]?r“’:’J?%/é;'nE'0';?;;;'0”
an order of magnitude. In this regard, further studies on the Sgaint mosauity Iarva’; o adullgAm Mosg Comrgl A
insecticidal mode of action o€a. obtusifolia seed-derived 1995 11. 307—310 ' '

compounds, their effects on nontargent organisms and the 1) Trial,'H.’, Jr.; Dimond, J. B. Emodin in buckthom: a feeding

environment, and formulations for improving the insecticidal deterrent to phytophagous insec@an. Entomol.1979, 111

potency and stability are needed for their practical use as a 207—212.
naturally occurring mosquito larval control agent. (22) Arnason, J. T.; Philogene, B. J. R.; Berg, C.; Maceachern, A;
Kaminski, J.; Leitch, L. C.; Morand, P.; Lam, J. Phototoxicity
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