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(Received June 25, 1996; accepted December 9, 1996) Abstract—Four limonoids, humilinolides A-D from Swietenia humilis and cedrelanolide from Cedrela salvadorensis, were evaluated for their effect on the European corn borer, Ostrinia nubilalis in comparison with toosendandin, a commercial insecticide derived from Melia aiedarach. When incorporated into artificial diets of neonates at 50 ppm, all compounds caused larval mortality as well as growth reduction and increased the development time of survivors in a concentration-dependent manner. Humilinolide C also reduced growth and survivorship at 5 ppm. Additional effects observed in many of the limonoid-treated groups included a significant delay in time to pupation and adult emergence. The compounds showed comparable activity to toosendanin, a commercial insecticide. Furthermore, the cytotoxicity of the humilinolides to three human cell lines was low. Key Words—Humilinolides, cedrelanolide, limonoids, insecticides, European com borer, cytotoxicity.



INTRODUCTION



Many limonoids of the Meliaceae and Rutaceae families possess antifeedant, toxic, or growth-reducing properties to different species of insects (Arnason et al., 1993; Champagne et al., 1989, 1992; Isman et al., 1995; Mikolajczak and Reed, 1987). Two of these compounds, azadirachtin from seeds of the neem *To whom correspondence should be addressed.
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tree of India, Azadirachta indica, and toosendanin from the bark of Melia toosendan and Melia azedarach of China have been commercialized for use as practical pest control agents (Chiu, 1995). In both cases the parent natural product has generally better efficacy than derivatives. Limonoids are valued as well for their low mammalian toxicity, nonneurotoxic mode of action, and low persistence, which enhance their value as botanical pesticides.



FIG. 1. Humilinolides A-D.
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Although the Meliaceae are well represented in the neotropics and are known as natural sources of insecticides (Pennington, 1981), no insecticide has been commercialized from the neotropical Meliaceae. In an effort to find practical insecticides from the Americas, several groups have screened extracts of Meliaceae for effects against lepidopteran larvae. The significantly active extracts included species of the common American genera, Swietenia and Cedrela. For example, it was found that leaf extracts of Swietenia humilis Zucc. inhibited growth (50% effective concentration, EC50 = 100 ppm) and deterred feeding (EC50 = 23 ppm) by the variegated cutworm Peridroma saucia. Phytochemical investigation led to the isolation of seven limonoids, including humilinolides A-D (Figure 1) from seeds (Okorie and Taylor, 1970; Segura-Correa et al., 1993). S. humilis is commonly known in Mexico as "zopilote" and "cobano." It grows in the low to mid-elevation of subtropical regions of Mexico including the states of Guerrero, Michoacan, Colima, Sinaloa, and Chiapas and extends along the Pacific slope into Central America as far south as Guanacaste province, Costa Rica (Standley, 1920-1926). Cedrela salvodorensis is a tree growing at mid-elevation (500-1500 m) in the same geographical range. Recently the new limonoid cedrelanolide (Figure 2) was isolated and identified from the bark of this species (Segura-Correa et al., 1994). In the present paper, humilinolides A-D and cedrelanolide were examined for their effects on the European corn borer (ECB), Ostrinia nubilalis Hubner. O. nubilalis is a polyphagous pest of corn, and the economic losses due to this insect on sweet corn in Minnesota alone were estimated to exceed $5,000,000 annually (Noetzel et al., 1985). It also causes damage to potatoes (Stewart, 1994), winter wheat (Buntin 1992), and bell peppers (Fran et al., 1992). Toosendandin was included both as a reference standard and because its effects on ECB had not been examined. Toosendanin at 20 ppm is known to deter feeding by the asiatic com borer, Ostrinia furnicalis (Chiu, 1995). In order to assess



FIG. 2. Cedrelanolide.
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the potential for nontarget effects, the cytotoxicity of several of the limonoids to human cell lines was determined. METHODS AND MATERIALS



Plant Extractions. Swietenia humilis was collected in the state of Guerrero, Mexico, and was identified by Dr. Robert Bye, Jardin Botanico, Instituto de Biologia, UN AM. The air-dried seeds (1 kg) were ground into powder, defatted with hexane, and then exhaustively extracted by maceration with CHC13 at room temperature. The resulting CHC13 extract was concentrated under reduced pressure to give a residue (125 g). The concentrated residue was chromatographed on silica gel, eluting with benzene-EtOAc-MeOH using a step gradient of increased polarity to yield three major fractions (FI-FIII). Fraction II, eluting with EtOAc was rechromatographed on silica gel using hexane-EtOAc (mixtures of increasing polarity) as eluents to yield humilinolides B (14.28 mg) and C (29.0 mg). Further column chromatography over silica gel of Fill (eluted with EtOAc-MeOH 7:3) using hexane-EtOAc (6:4) allowed the isolation of humilinolides A (171.4 mg) and D (21.4 mg). In all cases, final purification was achieved by preparative TLC on silica gel using benzene-EtOAc (1:1) as the eluent. IR, MP, and NMR data of the isolated humilinolides A-D (1-4) were identical to those of authentic samples (Segura-Correa et al., 1993). Toosendanin was a gift from Professor Chiu, and cedrelanolide was isolated from Cedrela salvadorensis as described previously (Segura-Correa et al., 1994). Bioassays with ECB. Larvae used for the experiments were obtained from the culture at the University of Ottawa, which was maintained under previously described conditions (Arnason et al., 1987). All test materials were dissolved in 95 % ethanol and added to the artificial diet at one of two concentrations (5 or 50 ppm) or control (1 ml 95 % ethanol). Neonate larvae were placed collectively for nine days in glass vials containing a cube of the appropriately treated diet. Thirty larvae were then transferred to separate vials with corresponding diet cubes. Larvae were weighed approximately every four days, at which time the old diet was replaced with fresh stock. Larval weight gains and mortality were recorded the last day before the first larva pupated (approximately after 20 days). Other life-cycle measurements were recorded, such as time to pupation and adulthood, weight of pupae and adults, mortality of larvae, and adult deformities. All treatments were effected in a controlled environment chamber with an 18L:6D photoperiod, a 25°C day and 19°C night temperature regime, and a relative humidity of approximately 80%. Cytotoxicity Assays. Cytotoxicity against human solid tumor cells was measured at the Purdue Cell Culture Laboratory, Purdue Cancer Center, in a seven-day NTT assay for MCF-7 breast carcinoma, HT-29 colon adenocarci-
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noma, and A-549 lung carcinoma with adryamicin as the positive control (Anderson etal., 1991). Data Analysis. Data analyses for all the live insect bioassays were statistically analyzed using SAS ANOVA and GLM procedures. (SAS Institute, 1982). RESULTS AND DISCUSSION



At the larval stage, all the compounds tested inhibited growth compared to controls when incorporated into diets at 50 ppm (Figures 3 and 4). At 20 days this growth reduction is clearly significant in the 50 ppm group (Table 1), but only humilinolide C, cedrelanolide, and toosendanin showed significant inhibition at 5 ppm (Table 1). When expressed as the percentage of respective controls, toosendanin was the best larval growth inhibitor with humilinolide C producing comparable inhibition (Figure 5). Toosendanin and cedrelanolide at both 5 and 50 ppm induced only moderate larval mortalities (36% at both concentrations). The percentage of larvae that reached pupation decreased in all tested compound groups in comparison to the control groups (Table 2). The most important



FIG. 3. Growth of ECB larvae fed control diets or diets treated with 50 ppm humilinolides A-D.
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Fia. 4. Growth of ECB larvae fed control diets or diets treated with 50 ppm cedrelanolide or toosendanin.



TABLE 1 . ACTIVITY OF LIMINOIDS ON LARVAL GROWTH PARAMETERS OF O, nubilalis



Treatment Control Cedrelanolide Toosendanin Control Humilinolide A Humilinolide B Humilinolide C Humilinolide D



Concentration (ppm)



5 50 5 50 5 50 5 50 5 50 5 50



Mean weight gained (mg)



69.7 55.7 41.6 51.1 17.0 68.0 55.5 19.6 80.1 25.8 36.1 17.1 80.3 38.8



± ± ± ± ± ± ± ± ± ± ± ± ± ±



3.2 a" 4.9 b 5.9 b 4.1 b 2.5c 5.7 a 8.0 a, b 3.3 b 7. 9 a 3.4 b 6.4 b 5.6b 6.1 a 8.9 b



Larval mortality (%)



13.3 23.3 13.3 26.7 36.7 3.3 36.6 43.3 36.6 50.0 43.3 50.0 40.0 63.3



"Means followed by the same letter within a column, are not significantly different in a StudentNewman-Keuls (SNK) test at P < 0.05 (treatments are compared to their respective controls only, e.g., toosendanin is not compared to humilinolide A). Means are ± standard error.
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FIG. 5. Growth of ECB larvae reared on treated diets at 20 days, as a percent of respective control.



effect was observed with humilinolides D and C, which at 50 ppm resulted in only 10% and 13% pupation, respectively. Significant delays in time to pupation were observed in 5 ppm cedrelanolide-treated males, 50 ppm treated females, 5 ppm toosendanin-treated males, and both males and females at 50 ppm. Development of males was delayed in 50 ppm treatments with humilinolide B. Of all the limonoids tested, only toosendanin significantly reduced pupal weights of males and females at 50 ppm. In several of the humilinolide C groups there were too few survivors for statistical analysis. Survival to adult stage, as compared to the pupal stage, showed no further reductions with toosendanin or cedrelanolide (Table 2). However, the humilinolides produced additional mortality and lower survivorship to the adult stage for most compounds and concentrations. Mean adult weights were significantly reduced (male and female) with 50 ppm toosendanin treatments. Significant delays in mean time to the adult stage were seen in many of the treatments. The cytotoxic activity of humilinolides A-D was determined against three
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TABLE 3. CYTOXIC ACTIVITY OF HUMILINOLIDES A-D TO THREE HUMAN CARCINOMA CELL LINES" EDW (/ig/ml)



Humilinolide Humilinolide Humilinolide Humilinolide Ardriamycin 0 A-549,



A B C D



A-549



MCF-7



64.4 >100 37.7 60.6 7.9 x 1100 94.1 65.0 3.2 x 1(T3



HT-29



59.6 81.1 >100 53.6 3.5 x 10~2



lung carcinoma; MCF-7, breast carcinoma; and HT-20, colon adenocatcinoma.



human solid tumor cell lines, lung carcinoma (A-549), breast carcinoma (MCF-7), and colon adenocarcinoma (HT-29). The tested limonoids showed low but measurable cytotoxic effects at concentrations several orders of magnitude higher than adriamycin (Table 3). While more formal in vivo toxicological assessments are required, these in vitro results are promising in light of the need for a selective insecticide with low mamalian toxicity if further development were to be considered. The effect of the humilinolides and cedrelanolide on reducing insect growth, increasing development time and mortality of ECB is similar to that of other limonoids (Amason et al., 1987; Champagne et al., 1992). The mode of action of these compounds is being investigated and may be due to a combination of antifeedant action and postdigestive toxicity, as found for other limonoids (Isman et al., 1995). The activity of these neotropical limonoids is comparable to the commercial insecticide toosendanin, which suggests potential for further development of these materials. However, no neotropical limonoid has been found with the outstanding activity of azadirachtin. Acknowledgments—This work was partially supported by the following grants to R. Mata: Proyecto DGAPA IN206795 (Direction General de Asuntos del Personal Acadgmico) and Proyecto PADEP No. 005361 (Coordiantcion General de Estudios Postgraduo, UNAM). A Jimenez also acknowledges a fellowship from Consejo Nacional de Ciencia y Tecnologfa (CONACyT). Support to J. Amason was provided by the Natural Sciences and Engineering Research Council of Canada. We are grateful to Dr. J. L. McLaughlin, Purdue University, Lafayette, Indiana, who kindly arranged for the cytotoxicity assays and to N. Donskov, University of Ottawa, for technical work during the insect bioassays. R. Pereda-Miranda was the recipient of a Visiting Researcher Award form the Natural Sciences and Engineering Research Council of Canada and a sabbatical fellowship awarded by DGAPA, UNAM (1994-1995).
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