JJOURNAL O

AGRICULTURAL AND
FOOD CHEMISTRY

J. Agric. Food Chem. 2004, 52, 2875-2878 2875

Lethal and Sublethal Effects of Withanolides from Salpichroa
origanifolia and Analogues on Ceratitis capitata
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Biological effects on Ceratitis capitata were evaluated for several withanolides isolated from Salpichroa
origanifolia (Solanaceae), (20S5,22R,245,25S5,26 R)-50.,601:22,26:24,25-triepoxy-26-hydroxy-17(13—18)-
abeo-ergosta-2,13,15,17-tetraen-1-one (salpichrolide A, 1), (20S5,22R,24S5,255,26R)-22,26:24,25-
diepoxy-5a,6/,26-trihydroxy-17(13—18)-abeo-ergosta-2,13,15,17-tetraen-1-one (salpichrolide C, 2),
(205,22R,245,255,26 R)-50,601;22,26:24,25-triepoxy-15,26-dihydroxy-17(13—18)abeo-ergosta-2,13,15,17-
tetraen-1-one (salpichrolide G, 3), and (20S,22R,24S5,25S,26R)-50.,60.:22,26:24,25-triepoxy-1,26-
dihydroxy-17(13—18)-abeo-ergosta-2,13,15,17-tetraene (salpichrolide B, 5), and for chemically
modified analogues. Influence of chemical modifications on development delay was analyzed. The
compounds were incorporated into the larval diet and the adults’ drinking water. Significant
development delays from larvae to puparia were observed in treatments with the natural withanolides
salpichrolides A, C, and G (1—3) at a concentration of 500 ppm. Salpichrolide B (5) was the most
toxic compound, the highest mortality (95%) being observed at the larval stage. Exposure of adults
to drinking water containing natural withanolides 1—3 and 5 produced mortality in all cases.
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INTRODUCTION In this work we study the influence of modifications in rings A
and B of the steroid nucleus (compourts9; Chart 1) in the
biological activity. Lethal and sublethal effects of natural and
synthetic compounds were evaluated on the mediterranean fly
Ceratitis capitata, an economically important fruit pest.

The study of allelochemical interactions among insects and
plants is currently one of the most actively investigated subjects
in chemical ecology, partly due to its interesting prospectives
for development of new biorational pesticides of natural origin
(1). These interactions involve numerous secondary plant paTERIALS AND METHODS
metabO“teS that may Intel’fel’e W|th the behaVIOl’, grOWth, or Meltlng pon‘]ts are uncorrectedH and 3C NMR Spectra were
development of the insects. This has been observed for a grouprecorded in CDGI solutions on a Bruker AC-200 NMR spectrometer
of specialized metabolites, the withanolides, isolated from at 200.13 and 50.32 MHz, respectively. Multiplicity determinations
several Solanaceae species (2). Some of them exhibit activity(DEPT) and two-dimensional spectra (COSY) were obtained using
as feeding deterrent8)(or ecdysteroid antagonist$)( and they standard Bruker software. Chemical shifts are given in parts per million
have been related to chemical defense mechanBma tamily (0) downfield from TMS as internal standard. UV spectra were
of 14 ring A aromatic withanolides and related ergostane measured on a Hewlett-Packard 8451A spgctrophotometer. EIMS were
derivatives has been isolated in the past decade Salpichroa collected on a VG TRIO-2 at 70 eV by direct inlet. HREIMS were

. P . . measured on a VG ZAB—BEQQ mass spectrometer.
origanifolia (Lam.) Thell (Solanaceae), salpichrolides ) (6), Test Compounds.Aerial parts ofS. origanifoliawere collected in

C (2 (7), and G B) (8) being the major components. In previous e syrroundings of the university campus in Buenos Aires, Argentina.
publications we demonstrated the feeding inhibition produced a voucher specimen has been deposited at the Museo Botanico,
by compoundd—3 and some synthetic analogues agalihgsca Universidad Nacional de Cérdoba, Argentina, no. CORD 89. Sal-
domesticdarvae (Diptera, Muscidae®] and the stored grain  pichrolides A (1), C 2), and G (3) were isolated from fresh leaves and
pest, Tribolium castaneunfColeoptera, Tenebrionidael(). stems ofS. origanifolia (6—8). 2,3-Dihydrosalpichrolide A4) was
Those results led us to conclude that the hemiketal moiety in obtained by catalytic hydrogenation d{(9); compounds—4 had*H

the side chain was important for exerting an antifeedant effect. a1d**C NMR spectra identical to those previously describéeq).
Prior to biological testing, all compounds were analyzed by TLC on

. silica gel 60 F254 (Merck) plates using hexane/EtOAc mixtures as
45792’?80;; tg.%vgﬁ’?dﬁgﬁaeigggfggﬁ usbr;)_gllr(]j_ be addressed [fax (54-11) mobile phase. Spo_ts were visualized_ py spraying 10%4in EtOH

t Catedra de Zoologia Agricola. and heating. A purity of-95%, as verified byH NMR spectroscopy,

* Departamento de Quimica Organica. was considered to be acceptable. Compousnd9 were purified by
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flash chromatography on Kieselgel-S 0.64D063 mm (Merck) using
hexane/EtOAc mixtures as eluant.

Salpichrolide B (5).Acetylation of 1 (100 mg. 0.22 mmol) with
Ac;0O (0.8 mL) and pyridine (0.8 mL) fo2 h at room temperature
afforded the 26-acetoxy derivative (101 mg, 0.21 mmol). To a solution
of this compound in CkCl; (2.14 mL) and MeOH (2.14 mL) at €C
was added NaBH(16.4 mg, 0.43 mmol), and stirring was continued
for 1 h at 0°C. The reaction mixture was acidified (pH 6) with 1 M
HCI, concentrated in vacuo, diluted with water, and extracted with CH
Cl,. The extract was washed with water, dried {81@;), and evaporated
to dryness. The crude product was dissolved inCIH(5 mL), and a

8R=H
9R=Ac

CH:CI; (10 mL) was added. Aftel h atroom temperature, the reaction
mixture was diluted with diethyl ether and percolated through silica
gel 60 G. Alkaline hydrolysis of the acetylated hemiketal wittCIOs/
MeOH as described above gave compoiif@9 mg) as white powdery
crystals from EtOAc/hexane: mp 16A61°C; UV Anax (MeOH) (log

€) 224 (4.20), 268 (3.04), 276 (3.02)4 NMR (CDCls) ¢ 7.09 (d,J =

8.0 Hz, 1H, H-15), 7.03 (d] = 8.0 Hz, 1H, H-16), 6.97 (bs 1H, H-18),
6.67 (dddJ=10.2, 5.1, and 2.2 Hz, 1H, H-3), 5.95 (dbs= 10.2 and
2.2 Hz, 1H, H-2), 4.97 (bs, 1H, H-26), 3.86 (ddH= 11.0, 5.5, and
2.5 Hz, 1H, H-22), 2.73 (m, 1H, H-20), 1.85 (m, 1H, H-23a), 1.57 (m,
1H, H-23b), 1.38 (s, 1H, H-27), 1.35 (s, 1H, H-28), 1.24 Jds 7.0

saturated solution of potassium carbonate in methanol (2.6 mL) was Hz, 1H, H-21), 1.13 (s, 3H, H-19}3C NMR 6 209.6 (C-6), 202.0

added. The solution was stirred for 15 min &t@ diluted with water,
and neutralized with 1 M HCI. Workup with Gi&l, followed by
column chromatography yielded compoubd80.5 mg), identical to
an authentic sampléH and*3C NMR and MS) (7).
2,3-Dihydrosalpichrolide B). 2,3-Dihydrosalpichrolide A4) (110
mg) was acetylated, reduced with NaBldnd treated with a solution
of K,COs;in MeOH as described above for the preparation of compound
5. Chromatographic purification of the residue afforded compdtind
(99 mg) as white powdery crystals from EtOAc/hexane, mp-1TTL
°C: UV Amax (MeOH) (log €) 214 (3.20), 268 (3.30), 276 (2.871
NMR (CDCls) 6 7.10 (d,J = 8.0 Hz, 1H, H-15), 6.99 (dd] = 8.0 and
1.0 Hz, 1H, H-16), 6.88 (d] = 1.0 Hz, 1H, H-18), 4.97 (bs, 1H, H-26),
3.94 (bs, 1H, H-1), 3.84 (ddd, = 11.0, 5.8, and 2.6 Hz, 1H, H-22),
3.00 (d,J=5.0 Hz, 1H, H-6), 2.71 (m, 1H, H-20), 2.67 (m, 1H, )7
1.90 (m, 1H, H-7a), 1.88 (m, 1H, H-23, 1.58 (m, 1H, H-28), 1.38
(s, 1H, H-27), 1.35 (s, 1H, H-28), 1.23 (d,= 7.0 Hz, 1H, H-21),
1.08 (s, 1H, H-19)#3C NMR 6 140.3 (C-17), 138.6 (C-13), 136.3 (C-
14), 128.6 (C-18), 126.5 (C-15), 125.7 (C-16), 91.7 (C-26), 72.2 (C-
1), 67.4 (C-22), 64.8, (C-24 and C-5), 63.6 (C-25), 58.0 (C-6), 42.9
(C-20), 42.9 (C-10), 39.9 (C-4), 35.4 (C-9), 33.7 (C-23), 32.3 (C-8),
30.5 (C-7), 30.5 (C-12), 29.7 (C-3), 28.9 (C-2), 21.5 (C-11), 18.7 (C-
28), 17.2 (C-21), 16.5 (C-27), 15.7 (C-19); EIM®/z454 (2) [M]",
312 (9), 294 (55), 170 (22), 157 (26), 143 (9), 43 (100); HREI M5,
[M]* 454.2716 (GsH3s0s requires 454.2719).
Compound?. To a solution of salpichrolide C (2) (100 mg, 0.21
mmol) in CHCI, (10.7 mL) were added acetic anhydride (0.4 mL)
and pyridine (0.4 mL). After 24 h of stirring at room temperature, the

(C-1), 141.0 (C-3), 140.7 (C-17), 137.0 (C-13), 136.7 (C-14), 128.8
(C-2), 128.0 (C-18), 125.9 (C-15), 125.4 (C-16), 91.6 (C-26), 82.0 (C-
5), 67.4 (C-22), 64.7 (C-24), 63.6 (C-25), 43.0 (C-20), 55.3 (C-10),
41.0 (C-7), 39.4 (C-8), 37.5 (C-9), 33.8 (C-23), 31.4 (C-4), 30.5 (C-
12), 26.2 (C-11), 18.7 (C-28), 17.2 (C-21), 16.4 (C-27), 13.1 (C-19);
EIMS, m/z466 (2) [M]*, 448 (2), 324 (22), 306 (5), 171 (5), 157 (12),
143 (10), 43 (100); HREIMSm/z[M] " 466.2351 (GsH3406 requires
466.2355).

Compound. Salpichrolide A {) (178 mg, 0.40 mmol) was dissolved
in methanol (9 mL) and potassium bicarbonate (20 mg) added. The
mixture was stirred for 30 min at room temperature, diluted with water,
neutralized with 1 M HCI, and concentrated in vacuo. Extraction with
CH.CI, gave compoun@® (156 mg) as white powdery crystals from
EtOAc/hexane: mp 168169°C; UV Amax (MeOH) (loge) 312 (3.50),
268 (3.02), 176 (2.7)*H NMR (CDCls) 6 7.10 (d,J = 8.0 Hz, 1H,
H-15), 7.05 (ddJ = 9.5 and 6.2 Hz, 1H, H-3), 6.99 (d,= 8.0 Hz,
1H, H-16), 6.90 (bs, 1H, H-18), 6.42 (d,= 6.2 Hz, 1H, H-4), 6.02
(d, J= 9.5 Hz, 1H, H-2), 4.96 (bs, 1H, H-26), 4.65 (dH= 4.76 and
11.3 Hz, 1H, H-6), 2.72 (m, 1H, H-20), 3.85 (ddbi= 11.0, 5.6, and
2.5Hz, 1H, H-22), 2.99 (m 1H, H#A), 1.85 (m, 1H, H-23a), 1.57 (m,
1H, H-23), 1.38 (s, 1H, H-27), 1.35 (s, 1H, H-28), 1.31 (m, 1H, b}/
1.21 (d,J = 7.0 Hz, 1H, H-21), 1.26 (s, 1H, H-19%C NMR ¢ 204.3
(C-1), 161.4 (C-5), 141.2 (C-3), 140.9 (C-17), 136.6 (C-13), 136.3 (C-
14), 128.7 (C-18), 125.5 (C-16), 125.4 (C-15), 124.4 (C-4), 111.2 (C-
2), 91.6 (C-26), 67.4 (C-22), 64.9 (C-24), 63.5 (C-25), 68.9 (C-6), 54.0
(C-10), 46.7 (C-8), 43.1 (C-20), 43.0 (C-7), 36.6 (C-9), 33.9 (C-23),
30.3 (C-12), 21.6 (C-11), 18.6 (C-28), 17.4 (C-21), 16.5 (C-27), 14.1

solution was evaporated to dryness to give the 26-acetate. Pyridinium (C-19); EIMS,m/z450 (2) [M]*, 432 (2), 308 (7), 290 (10), 171 (14),

chlorochromate (244 mg), barium carbonate (102.2 mg), and 4 A
molecular sieves (196.5 mg) in dry dichloromethane (6.9 mL) were
vigorously stirred at room temperature for 5 min under a nitrogen

157 (23), 143 (12), 43 (100); HREIM®&)/z[M] * 450.2410 (GgH340s
requires 450.2406).
Compound. Selective acetylation of compou®{77 mg) using a

atmosphere, and a solution of the crude 26-acetate obtained above irmixture of CHCl, (5.2 mL), acetic anhydride (0.3 mL), and pyridine
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(0.3 mL) for 3 h at room temperature gave the 6-acega(@9 mg) Table 1. Pupation Time (PTs) and Mortality of C. capitata Larvae
after extractive workup with CKCl, as white powdery crystals from Exposed to Compounds 1-92

EtOAc/hexane: mp 163164 °C; 'H NMR (CDCL) 6 7.12 (d,J =
8.0 Hz, 1H, H-15), 7.00 (d] = 8.0 Hz, 1H, H-16), 6.90 (bs, 1H, H-18), treatment PTs (days) mortality (%)
7.05 (ddJ = 9.5 and 6.0 Hz, 1H, H-3), 6.20 (d,= 6.2 Hz, 1H, H-4),

— d
6.02 (d,J = 9.5 Hz, 1H, H-2), 5.72 (ddJ = 4.7 and 11.7 Hz, 1H, ; o g(’ifgs 715(;'83) i
H-6), 4.97 (bs, 1H, H-26), 3.84 (ddd,= 11.0, 5.6, and 2.7 Hz, 1H, 3 8.47 (8.00-9.00) 37.5d
H-22), 3.00 (m, 1H, H-%), 2.20 (s, 3H, CHCO-6), 2.70 (m, 1H, H-20), 4 6.84 (6.53-7.12) 20.0
1.32 (m 1H, H-7a), 1.87 (m, 1H, H-28, 1.58 (m, 1H, H-23p), 1.38 5 e 95.0¢
(s, 1H, H-28), 1.35 (s, 1H, H-28), 1.21 (d,= 7.0 Hz, 1H, H-21), 6 11.64 (10.42-15.02) 77.5¢
1.25 (s, 1H, H-19). 7 5,79 (5.61-5.97) 75
Insects.Bioassays were conducted Qeratitis capitataW. larvae 8 6'13 (5';37_6'41) igs
and adults (Diptera: Tephritidae) obtained from an established labora- gontrol ggﬁ Egli:gggg 10-3
tory colony. Larvae were maintained at 23 °C and 70+ 5% relative ' ' ' '
humidity in darkness on an artificial diet1). Adults were reared on —
a sugar and beer yeast (3:1) dig), water being provided in 20 mL a Groups of newly hatched larvae (n = 10) were reared on artificial diet (carrots,
plastic vessels. Artificial fruits were used for oviposition (11). sugar, corn flour, beer yeast, sodium benzoate, nipagin, and hydrochloric acid)

BioassaysActivity on Larvae.Groups of 10 newly hatched larvae (11) containing the different compounds under study to a final concentration of

(1-2 days old) were reared on an artificial diet into which the test 200 PP * The number of puparia was counted daily to determine PTs, (pupating
compounds had been incorporated. The artificial diet was prepared time or time needed to pupate 50%. of exposed Iqrvae). Problt analy5|s was used
according to the method of Terahl), with carrots, sugar, corn flour, Eo assess development delays with 95% confidence limits (in paren?heses).
beer yeast, sodium benzoate, nipagin, and hydrochloric acid. Test Mortality frgm neonatae larvae to adult emergencel we;s F:alf:ylated m each
compounds1—9) were dissolved in ethanol to obtain a final concentra- treatment using ANOVA to assess the pelrcent mortality. S|gln|f|ca.ntly dlfferept
tion of 500 ppm. Lower concentrations (250, 100, 50, and 25 ppm) from control at 5% Ievgl. € The high mortality produced by salpichrolide B (5) did
were also assayed for salpichrolide®.(Control larvae were exposed Nt allow PTso calculation.
to an artificial diet to which ethanol had been added. Plastic vessels
containing larvae were kept inside plastic cylinders (10 cm height, 8.5 9. The latter arrangements have been found in rings A and B
cm diameter) and held under standardized conditions{25°C and of several natural withanolides (2).
70 £ 5% relative humidty in darkness). The puparia number was daily Artificial diets containing the test compounds were offered
registered, and puparia were transferred to glass cylinders (7 cm height,to C. capitatalarvae, and the number of puparia was counted
4.5 cm diameter) to record adult number. Mortality from neonatae larvae | .~ ’ .

daily. Table 1 shows the time needed to pupate 50% of the

to adult emergence (percent) was calculated. Four replicates of each . N
treatment were assayed. surviving individuals (P3%o) exposed to compound$—9.

Activity on Adults.Salpichrolidesl—3 and5 were suspended in pure Slgmflcam development _delays from larvae to puparia were
water containing one drop per milliliter of Tween 20 as tensioactive, 0PServed in treatments with the three natural salpichrolides A,
to a final concentration of 500 ppm. Suspensions were added to 20C, and G (1—3). These results are similar to those previously
mL plastic vessels containing 5 mm diameter glass balls to avoid obtained withMusca domestic49) andTribolium castaneum
immersion (13). Controls received only water with Tween 20. Each larvae (10), in which salpichrolide Alj showed the greatest
drinking vessel was placed inside a glass cylinder (10 cm height, 8.5 development delay. Oxidation of the 6-hydroxy group in
cm diameter) together with small plates containing 10 g of beer yeast salpichrolide C (2 (compound?) or cleavage of the 5,6-epoxide
and sugar (1:3). Groups of 10 newly hatched adults were released insidgp, salpichrolide A () followed by rearrangement (compounds
each cylinder. Every 48 h (three times during the bioassay) fresh stock8 and 9) resulted in loss of the inhibitory effect. Although
solutions were added. Mortality was recorded daily. Four replicates of reduction of the 2,3-double bond (compoUydhad a smaller
each treatment were assayed. . !

L ) o ) effect, the ring A-reduced analogBeshowed the greatest delay

Statistical Analysis.Activity on Larvae.Puparia number, expressed mong the synthetic analogues. Salpichrolidé&Bproduced a

as a percentage in relation to the number of exposed larvae, was useq . h tality bef i d t allowing th
to calculate by Probit analysid4) the parameter RJ (pupating time Igh mortality betore pupation could occur, not allowing the

or time needed to pupate 50% of exposed larvae). Significant develop- P Tso calculation. ) o .
ment delays were assessed by no superposition of confidence limits At the end of the bioassay, the number of individuals in the

between P, of treated larvae and controls. ANOVA and Tukey's adult stage was counted to assess the mortality (perdettle

multiple-range test were used for mortality dgpa<( 0.05). EG (the 1 shows that, with the exception of salpichrolide C (2), natural
concentration needed to inhibit complete development in 50% of the salpichrolides were toxic. Reduction of the 1-keto functionality
larvae) was calculated with Probit analysis for the analdgue significantly increased the toxicity as evidenced upon compari-
Activity on Adults Mortality data were analyzed with ANOVA and  son of the lethal effects caused by salpichrolide 1 &nd
Tukey’s multiple-range test (g 0.05). compoundss and 6. Salpichrolide B §) was the most active
compound, the highest mortality (95%) being observed at the
RESULTS AND DISCUSSION larval stage. Compounds 3, and5 produced significant failures

The analogues selected for testing involve two major modi- (p< 0.05) in adult emergence.
fications of the A and B ring functionalities. On the one hand, = The toxicity exhibited by salpichrolide B5] led us to
three analogues with various degrees of reduction of the ring A determine the concentration required to inhibit complete de-
enone system were synthesized (compouhds$). This type velopment in 50% of the larvae (EB§. Significant differences
of functionality is interesting because related ergostane deriva-in mortality were observed with all concentrations assayed of
tives isolated fromPhysalis perwiana showed an important 5, in the 25-500 ppm range. The resulting Ef®f salpichrolide
antifeedant activity orHelicoverpa zegBoddie) larvae (15). B (5) was 83 ppm (95% confidence limits: 75 and 94 ppm),
Although salpichrolide B) occurs naturally ir§. origanifolig this value being lower than those previously reported for other
it is a very minor component and had to be prepared from natural salpichrolidesl-3) againstM. domesticgDiptera) 0).
salpichrolide A () in order to have sufficient amounts for The time needed for complete development of 50% of the
testing. The second modification involves cleavage of the 5,6- surviving larvae (PJy) exposed to different concentrations of
epoxide and either oxidation to tlehydroxy ketone (as i) compound5 is shown inTable 2. The 250 and 500 ppm
or dehydration to give the highly conjugated systen8iand concentrations produced almost 100% mortality before pupation
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Table 2. Pupa’[ion Time and Morta”ty of C. Capitata Larvae Exposed similar to those obtained with medium- and low-nutrition diets
to Different Concentrations of Salpichrolide B (5) without withanolides, suggesting that these compounds act as
feeding deterrent®j. Similar conclusions may be drawn from
conen (ppm) PTso” (days) mortality* (%) the effect of salpichrolides A1) and G 8) on T. castaneum
250 - 100¢ (10). Thus, the activities observed in this work are probably
100 18.47 (16.82-23.42) 67.50¢ associated with a feeding deterrent effect.
50 11.91 (11.37-12.54) 32.50¢
25 9.51(9.25-9.78 17.50
control 7.20 §7.03—7.38; 17.50 ACKNOWLEDGMENT
We are indebted to Dr. Jorge Cladera (INTA, Castelar) for
a Groups of newly hatched larvae (n = 10) were reared on artificial diet (carrots, supplyingC. capitatalarvae for mass breeding and to Dr. Neari
sugar, corn flour, beer yeast, sodium benzoate, nipagin, and hydrochloric acid) Inés Picollo (CIPEIN/CONICET) for helpful discussions.
(11) containing different concentrations (250, 100, 50, 25 ppm) of compound 5.
b The number of puparia was counted daily to determine PTso (pupating time or LITERATURE CITED
time needed to pupate 50% of exposed larvae). Probit analysis was used to assess
development delays with 95% confidence limits (in parentheses). ¢ Mortality from (1) Schoonhoven, L. M.; Jermy, T.; van Loon, J. J. Insect and
neonatae larvae to adult emergence was calculated in each treatment using ANOVA plants: how to apply our knowledge. Insect-Plant Biology.
to assess the percent mortality. 9 Significantly different from control at 5% level. From Physiology to Eolution; Chapman and Hall: Cambridge,
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Table 3. Mortality of C. capitata Adults Exposed to Natural (2) Ray, A. B.; Gupta, M. Withasteroids, a growing group of
Withanolides? naturally occurring steroidal lactoneBrog. Chem. Org. Nat.
Prod. 1994,63, 1-106.
mortality (%) (3) Ascher, K. R. S.; Eliyahu, M.; Glotter, E.; Goldman, A.; Kirson,
treatment day 1 day 4 day 7 I.; Abraham, A; Jacobso‘n, M.; _Schmutterer, H. The antifeed‘ant
effect of some new withanolides on three insect species,
1 30 477 70.0° Spodoptera littoralis Epilachnavarivestis and Tribolium cas-
2 0 825 2 taneum Phytoparasitical987,15, 15-29.
g g ‘;;;C ;ggc (4) Dinan, L.; Whiting, P.; Alfonso, D.; Kapetanidis, I. Certain
‘ ’ withanolides fromlochroma gesneriodesntagonize ecdysteroid
control 0 17.5 55.0 A . .
action in aDrosophila melanogastecell line. Entomol. Exp.
- - — Appl. 1996,80, 415—420.
2 Suspensions of compounds 1-3 and 5 in pure water containing one drop per (5) Baumann, T. W.; Meier, C. M. Chemical defense by withanolides
milliliter of Tween 20 as tensioactive (final concentration = 500 ppm) were offered during fruit development iPhysalis peruiana. Phytochemistry
to groups of 10 newly hatched adults. Controls received only water with Tween 1993,33, 317—321.
20. Each drinking vessel was placed inside a glass cylinder (10 cm height and 8.5 (6) Veleiro, A. S.; Oberti, J. C.; Burton, G. A ring-D aromatic
cm diameter) together with small plates containing the diet (beer, yeast, and sugar) withanolide fromSalpichroa origanifolia PhytochemistryL992
and the adults. Artificial fruits were used for oviposition. Every 48 h (three times 31, 935—937.
during the bioassay) fresh stock solution was added. During the bioassay the number (7) Veleiro, A. S.; Burton, G.; Bonetto, G. M.; Gil, R. R.; Oberti, J.
of dead adults was counted. ® ANOVA was used to assess the mortality (percent) C. New withanolides fronSalpichroa origanifoliaJ. Nat. Prod.
in each treatment. ¢ Significantly different from control at 5% level. 1994,57, 1741—1745.

. ) (8) Tettamanzi, M. C.; Veleiro, A. S.; Oberti, J. C.; Burton, G. New
occurred, not allowing the calculation of the f8TDevelopment hydroxylated withanolides frorBalpichroa origanifoliaJ. Nat.
delays, established as no superposition aggRdnfidence limits, Prod. 1998,61, 338—342.
were observed not only at 100 and 50 ppm but also at the lowest (9) Mareggiani, G.; Picollo, M. I.; Zerba, E.; Burton, G.; Tettamanzi,
concentration assayed, 25 ppm. M. C.; Benedetti-Doctorovich, M. O. V.; Veleiro, A. S. Anti-

An increased mortality was observed when solutions of the feedant activity_of withanolides fror8alpichroa origanifoliaon
natural withanolide¢—3 and5 were added to the drinking water Musca domestica. J. Nat. Prod000,63, 1113—1116.

(10) Mareggiani, G.; Picollo, M. 1.; Veleiro, A. S.; Tettamanzi, M.
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produced by S{:\Iplchrol_lde_ .BSI after_ 4 days of treatment is Response ofribolium castaneuniColeoptera, Tenebrionidae)
noteworthy as it was S|gr_\|f|cantly higher .tha}r) that caused by to Salpichroa origanifoliawithanolides.J. Agric. Food Chem.
the other natural withanolides assayed. Significant effgrts ( 2002,50, 104—107.

0.05) continued until day 7. (11) Teran, H. R. Comportamiento alimentario y su correlaciéon con
CONCLUSIONS la reproduccion en hembras deeratitis capitata (Wied.)

. . . (Diptera: Trypetidae)Rev. Agron. NOAL977,14, 1734,
The above results show that natural aromatic withanolides (15) Greene, G.'L.; Leppla, N. C.; Dickerson, W. A. Velvetbean

1-3and5 produce lethal and sublethal effects on the Mediter- caterpillar. A rearing procedure and artificial mediuinEcon.
ranean flyC. capitata. In particular, the reduction of the 2-en- Entomol.1976,69, 447—448.

1-one system increases toxicity, salpichrolide3} ljeing the (13) Budia, F.; Vifuela, E.; del Estal, P. Estudios preliminares de
most toxic. This result is in line with the growth inhibition los efectos de la ciromacina sol@eratitis capitata(Diptera:
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However, it should be emphasized that compounds lacking acute
toxicity may still confer protection to crops by reducing the
fithess of herbivore insects via inhibition of larval growth,
disruption of larval development, or failure in adult emergence.
Previous studies oM. domesticahave shown that the
development delays produced by salpichrolide B} (vere JF035508A

Received for review December 23, 2003. Revised manuscript received
March 15, 2004. Accepted March 16, 2004. This work was supported
by grants from Universidad de Buenos Aires and CONICET (Argentina).



