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Abstract. The systemic effects of phytoecdysteroids were investigated by applying tested compounds to the roots of the rape plants.
Evaluation of the effects was based on mortality, longevity, rate of development and fecundity of the cabbage aphid (Brevicoryne
brassicae L., Sternorrhyncha: Aphididae) feeding on the shoot of the treated plants. The major ecdysteroid compounds tested were
natural products isolated from a medicinal plant Leuzea carthamoides DC (Willd.) Iljin (Asteraceae): 20-hydroxyecdysone (20E),
ajugasterone C (ajuC) and polypodine B (polyB). The compounds were tested in two concentrations (0.07 and 0.007 mg/ml) in
water. In addition, we have also investigated the systemic effects of a special Lc-Ecdy 8 fraction isolated from L. carthamoides,
which contained 20E, ajuC and polyB and at least six other minor compounds in addition to the above indicated ecdysteroids. HPLC
analysis of the Lc-Ecdy 8 fraction indicated the presence of makisterone A and inokosterone in minor quantities. It appeared that all
ecdysteroid compounds tested, with the exception of the most common, 20E, decreased the fecundity of cabbage aphids which fed
on the contaminated rape plants. The mortality of larvae and adults significantly increased on plants treated with the Lc-Ecdy 8 frac-
tion, and with ajuC or polyB compounds containing structural substituents in rather unusual positions. The most common phytoec-
dysteroid, 20E, with the typical and characteristic ecdysteroid structure, was the best tolerated of all phytoecdysteroi ds tested.

INTRODUCTION to enhance protection against invertebrate predators. This
is based on the assumption that ecdysteroids contribute
significantly to plant protection, at least against the non-
adapted herbivores. There is increasing evidence that this
is true, except for certain polyphagous insect pests which

logues of the insect moulting hormone ecdysone have 2 unaffected by diets containing very high concentra-

also been discovered in plants (e.g. Galbraith & Horn, tions of ecdysteroids (Dinan et 2,‘1" 1998.)' .
1966; Nakanishi et al., 1966; Jizba et al., 1967). Subse- The effect of phytoecdysteroids on different organisms

quent research has revealed that phytoecdysteroid occur- has been 'extensively studied in' various  experimental
rence is widespread (Dinan, 2004a). More than 330 dif- models (Dinan, 2004b). The selection of compounds used
2 for such studies mostly depends on their availability from

a rather narrow selection of plants rich in ecdysteroids
and diverse in their quantity or structural variability
(Lafont et al., 1991). Leuzea carthamoides (Willd.) DC.,
[syn. Rhaponticum carthamoides (Willd.) Iljin] was
selected as the best source of the required compounds for
our study. The plant is endemic to southern Siberia, but
now is also cultivated in Eastern Europe as a promising
medicinal plant. The composition of arthropods within
the trial plantation of L. carthamoides is typical of most
of the introduced plant species. Leuzea is host to a large
range of oligo- and polyphagous insects, including mites

Ecdysteroids are polyhydroxylated steroid compounds
with specific structural features (Lafont, 1998) and with
typical moulting / metamorphosis hormone activities in
arthropods (Bergamasco & Horn, 1980). Structural ana-

ferent ecdysteroids have been identified in vascular
plants, fungi, algae, non-arthropod invertebrates and
marine organisms (Lafont et al., 2002).
Phytoecdysteroids, plant ecdysteroid analogues, have
been found in representatives of more than 100 vascular
plant families (Bergamasco & Horn, 1983). However, the
rationale behind the distribution of ecdysteroids in the
plant kingdom, as well as the role(s) of these compounds
in plants, is still to be elucidated. According to the most
accepted hypothesis, phytoecdysteroids are alle-
lochemical toxins and antifeedants contributing to the
deterrence of non-adapted phytophagous insects (Camps, g
1991; Lafont et al., 1991; Adler & Grebenok, 1999; (Zeleny etal, 19.97)' . . . .
Dinan, 2001). The increasing number of investigations on Extr.acts of this plant .contaln a wide varlgty of iso-
plant-insect chemical interactions in the last few decades prenoid anq polyphenolic compounds. Earher rep orFs
has unveiled the potential for utilizing secondary plant focused mainly on the content of flavonoids and sesqui-
metabolites, or allelochemicals, as pest control agents. An terPe“e q—exome.thylene-y-lactones. Later reports tumed
alternative approach to crop protection based on ecdyster- their main attention towards the content of ecdyster01.ds.
oids is to modify ecdysteroid levels and/or profiles in The roots and, later, also the seeds were used as a rich

crop plants (most of which do not contain ecdysteroids) ~Source of major phytoecdysteroids, ~especially = 20-
hydroxyecdysone, ajugasterone C, polypodine B, and also
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a set of their structural analogues (Pi§ et al., 1994; Vokac
et al.,, 2002). We decided to use a selection of these
ecdysteroids for assessing their activity on aphids. Insec-
ticidal effects and the influence of plant ecdysteroids on
aphids have so far not been experimentally studied. Gen-
erally, the cabbage aphid, as well as other mono- and oli-
gophagous insects, are sensitive to biochemical changes
in their host plants and could react to these changes in a
positive or negative way. Our interest was to determine
the influence of ecdysteroids supplied to the host plant on
an aphid species with an assumed high sensitivity to these
compounds.

The cabbage aphid (Brevicoryne brassicae L.), is an
economically important pest of the Brassicaceae family in
general and of the genus Brassica in particular. The
plants of family Brassicaceae generally do not contain
ecdysteroids (Dinan, 2004a). However, the leaf ecdys-
teroid content analysis of treated plants demonstrated that
the ecdysteroids were translocated from the culture
medium to the leaf without any apparent change in com-
position (Melé et al., 1992). Such an in vitro technique
appears particularly appropriate in bioassays taking
advantage of the feeding mechanism of sucking insects
(Melé et al., 1992, Pavela et al., 2004). Therefore, we
investigated the effects of several selected ecdysteroids in
various concentrations and also one crude crystalline
ecdysteroid fraction isolated from L. carthamoides. The
compounds were applied hydroponically through the
roots of the rape plants in order to determine their effect
on the mortality, development and fecundity of cabbage
aphids.

MATERIAL AND METHODS

Plants. The experimental rape plants (Brassica napus subsp.
napus) were grown in flowerpots (diameter 30 cm), using a
standard soil substrate for sowing. The flowerpots were kept in
climatic boxes under a 16L : 8D regime, temperature 22 + 0.5°C
and relative humidity 60-80%. Five days after germination,
when secondary leaves began to develop in 60-70% of the seed-
lings, the plants were removed from the soil, the substrate was
cleaned off their roots with running water and they were used
for the experiment.

Insects. Cabbage aphids (Brevicoryne brassicae L., Sternor-
rhyncha: Aphididae) were obtained from a laboratory colony
reared on rape plants (Brassica napus subsp. napus). 100
winged females from the colony were introduced onto rape
plants in a cage (20 x 50 x 50 cm). Females were removed from
the plants after 12 h, and resulting progeny were used for the
experiment. The colonies were maintained in an insectary at 22
+ 1°C, 60-70% RH and 16L : 8D. Four experiments were per-
formed:

Nymphs. 1* instar nymphs (<12 h old) were transferred to
treated plants and kept there until the last ecdysis. The adults
were then introduced to the untreated (or control) plants.

Adults. Newly-emerged adults were introduced to the treated
plants.

Nymphs and adults. Aphids fed on treated plants during
their whole life.

Control. Aphids fed on control plants during their whole life.

We investigated the effects of phytoecdysteroids applied
hydroponically through the roots of plants on the mortality,
development and fecundity of the aphids. The aphids were
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TaBLE 1. Content of ecdysteroids in the crystalline fraction of
Lc-Ecdy 8 as determined by HPLC analysis (Pi§ et al., 1994
and Vokac et al., 2002). For chemical structures see Lafont et
al. (2002).

Compound Content in %
20-hydroxyecdysone (20E) 45.4
polypodine B (polyB) 9.0
Inokosterone 24
makisteron A 5.2
ajugasteron C (ajuC) 19.2
unidentified 1 compound 2.6

unidentified 4 compounds all in range 1.0-1.5

unidentified 18 compounds all under 1.0

monitored every day. Mortality and ecdysis were recorded for
the nymphs, while mortality (longevity) and fecundity (number
of nymphs produced) were recorded for adults.

Chemicals. A crystalline ecdysteroid fraction isolated from
the root extract of Leuzea carthamoides (Lc-Ecdy 8) was used
for our experiments. Its composition was analyzed and the main
constituents identified by high performance liquid chromato-
graphy (HPLC) using authentic standard compounds as refer-
ence samples. The composition of this fraction is indicated in
Table 1. The major ecdysteroid constituents of this fraction, 20-
hydroxyecdysone (20E), ajugasterone C (ajuC) and polypodine
B (polyB) were also tested as individual samples. Their HPLC
purity was: 97.5% for 20E, 95.3% for AjuC and 99.2% for
polyB. Makisterone A and inokosterone, detected in fraction Lc-
Ecdy 8 in only minor quantities (5.2% and 2.4%, respectively),
were not tested individually. The other unidentified minor con-
stituents of this fraction (with contents higher than 1%) were,
according to their UV spectra (recorded by a Diode Array
Detector), most probably also ecdysteroids. The structural dif-
ferences between the three main ecdysteroids found are the
number and positions of the hydroxyl groups (see Fig. 1). Aju C
is isomeric to 20E with a missing hydroxyl in position 25 and
with an additional one in position 11 (in the alpha
configuration). PolyB is a derivative of 20E with one additional
hydroxyl in position 5 (in the beta configuration). The minors:
makisterone A and inokosterone are also closely related struc-

0
OH = 24 2

Ri Rz Rs
20-hydroxyecdysone (20E) H H OH
ajugasterone C (ajuC) H OH H
polypodine B (polyB) OH H OH

Fig. 1. Chemical structures of the major ecdysteroid constitu-
ents present in Leuzea carthamoides and in the crystalline
ecdysteroid fraction Le-Ecdy 8 (for composition see Table 1).



TaBLE 2 . Effect of ecdysteroids on aphid mortality. * Mortality time in days, when aphid population reached 50% (LTsy) and
90% (LToo) mortality level. ** Efficacy index (in %) of ecdysteroids related to the control. r — Regression reliability .

Nymphs Adults Nymphs and adults
LT50 LT90 T LT50 LTgo T LT50 LTgo T
Control 2045 2803 0.96 13.64  21.03 0.96 2045  28.03 0.96
7.75% 12.33 7.99 12.73 6.72 10.19
Le-Eedy 8 07 mgml) o', S0 0.95 @ (395 0.98 ©D (636 0.91
1326 2323 9.45 14.43 10.50 17.23
Lc-Ecdy 8 (0.07 mg/ml) (35.2) a7.1) 0.89 (30.7) (31.4) 0.93 (48.7) (38.5) 0.88
20.81 3331 9.08 18.30 15.93 25.39
20E (0.7 mg/ml) C18) (isg 086 (334)  (13.0) 0.91 22.1) (9.4) 0.97
19.65 3243 1334 2038 1937 27.05
20E (0.07 mg/ml) 6o cisn 09 22) G 0.93 5.3) 55 0.95
. 1288  21.96 5.92 9.55 6.93 10.28
ajuC (0.07 mg/ml) (37.0) (L7 0.95 (56.6)  (54.6) 0.96 66.1)  (63.3) 0.92
10.55 16.42 8.76 14.16 10.23 17.65
polyB (0.07 mg/ml) (48.4)  (41.4) 0.94 (358)  (32.7) 0.92 (50.0)  (37.0) 0.96

turally to 20E (makisterone with an additional methyl group in
position 24, and inokosterone with a hydroxyl at position 26
instead of 25). For their complete structures see Ecdybase
(Lafont et al., 2002).

Method. The method published by Gelbi¢ et al. (1984) and
modified by Pavela et al. (2004) was used in this experiment.
The roots of the plants were put into 10 ml test tubes containing
6 ml of water without phytoecdysteroids or with Lc-Ecdy 8§,
20E, ajuC and/or polyB solution at the following
concentrations: 0.07 mg.ml™" (all phytoecdysteroids) and 0.7
mg.ml (phytoecdysteroids Lc-Ecdy 8 and 20E). The solutions
were regenerated every three days. The test tubes were placed
individually in separate plastic pots. The plants were kept in cli-
matic boxes under artificial lighting 16L : 8D, temperature 22 +
0.5°C and relative humidity 60—70%. The plastic pots with the
plants were kept at the above-specified conditions for period of
24 h before introducing cabbage aphid nymphs. A single nymph
was put on every plant tip using a small brush. Seven aphids
were used for each treatment in each of three replications. The
nymphs and subsequent adults were checked daily until the
experiment was finished. The experiment was carried out under
conditions identical to those applied before the introduction of
nymphs.

Data analyses and statistics. In order to compare the effect
of ecdysteroids on aphid mortality, means of linear regression
were calculated from the obtained data, valid for periods when
the tested aphid population reached 50% (LTso) and 90% (LTsp)
mortality, respectively. The efficacy index of the ecdysteroids
(in relation to the control) was calculated from the observed data
using the equation: EM = (LTt / LTc) x 100, where LTc and
LTt are the LTsy and/or LTy in control and treatment, respec-
tively.

Data for the development, longevity and fertility were sub-
jected to analysis of variance (ANOVA). Differences between
treatments were determined by Tukey’s test. Differences among
means were considered significant at P < 0.05.

RESULTS
Mortality
Nymphs
All ecdysteroids, except 20E, increased the mortality of

aphids that sucked on treated plants during their nymphal
stage compared to the control (Table 2). The most signifi-

cant mortality increase was observed with ecdysteroid
mixture Lc-Ecdy 8, when LTso and LTg reached 7.75 and
12.33 days, respectively. This was 62% and 56% less
time, respectively, than required for 50% and 90% mor-
tality, compared to the control. The mortality course
caused by pure ecdysteroids was faster with the polyC,
when LTso and LTo, were observed at 10.55 and 16.42
days, respectively. This was 48.4% and 41.4% less time,
respectively, than required for 50% and 90% mortality,
compared to the control (Table 2). 20E had no influence
on the rise in mortality comparing with the control. On
the contrary, the times required to reach 90% mortality,
for concentrations of 0.7 and 0.07 mg/ml, were compa-
rable to the control, 18.8% and 15.7% longer, respec-
tively. The other data are indicated in Table 2.

Adults

As long as the aphids had sucked on the treated plants
by the end of their ecdysis (i.e., only as adults), mortality
was observed with all tested ecdysteroids (Table 2). The
fastest course of mortality was observed with ajuC, when
50% (LTso) and 90% (LTs) mortality was 5.92 and 9.55
days, respectively, recorded from the aphids’ introduction
to the treated plant. These were 56.6% and 54.6% shorter
times, respectively, compared to the control. The mor-
tality compared to the control group also increased with
20E; nevertheless, this effect was proven only at higher
concentrations. Lower concentrations had no effect.

Nymphs and adults

The course of mortality for the aphids sucking during
their whole life on plants corresponded with the results
obtained in the previous two tests. A partially cumulative
effect for some ecdysteroids was observed in this case.
The most significantly shortened life spans for 50% and
90% aphid mortality occurred with Lc-Ecdy 8 (0.7
mg/ml™") and ajuC, where LTs, of 6.72 and 6.93 days,
respectively, and LTy of 10.19 and 10.28 days, respec-
tively, were observed (Table 2). The course of mortality
for 20E corresponded closely to the results obtained in
the experiment for “Adults”.
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Fig. 2. The total mortality (in %) of Brevicoryne brassicae
distributed according to their developmental stages (nymphs +
adults) when fed only as nymphs on treated plants (X all aphids
is 100%).

The ratios of larval and adult mortality in aphids that
received ecdysteroids during the larval stage are pre-
sented in Figs 2 and 3. When the aphids fed on the plants
treated with 0.07 or 0.7 mg/ml™ 20E, more than 85% of
the test nymphs underwent development and natural mor-
tality was observed only in the adult stage, the same as in
the control group. When the aphids fed on plants treated
with 0.07 or 0.7 mg/ml™" Lc¢-Eedy 8, ajuC and polyB,
mortality was observed, especially during nymphal stage
development (60—100%).

Length of development and adult longevity
Nymphs

It was observed that the average longevity of aphids
decreased with the concentration of the compounds.
Aphids feeding on plants treated with Lc-Ecdy 8, ajuC
and polyB during the nymphal stages (Table 3) showed a
significant decrease in total longevity (dfy, = 6, 63; F =
9.78 , P <0.0001). The longevity ranged from 6.4 to 11.3
days after the introduction of cabbage aphids to the
plants. No effect on longevity was observed with 0.07
and 0.7 mg/ml of the 20E (19.9 to 21.0 day). The
untreated control exhibited an average longevity of 22.1
days.

Adults

The aphids feeding on plants treated with the ecdyster-
oids Le-Ecdy 8, ajuC and polyB during their adult stages
(Table 3) showed a significant decrease in total longevity
(dfyy =16, 62; F=5.87, P <0.0001). The longevity ranged
from 5.9 to 8.1 days after the introduction of cabbage
aphids to the treated plants. No effect on longevity was
observed with concentrations of 0.07 and 0.7 mg/ml of
the 20E (11.3 to 13.7 day). The untreated control group
exhibited an average longevity of 14.3 days.

Nymphs and adults

The aphids feeding on plants treated with the ecdyster-
oids Lc-Ecdy 8, ajuC and polyB during their nymphal and
adult stages (Table 3) showed a significant decrease in
total longevity (dfy,= 6, 62; F = 13.42 , P <0.0001). The
longevity ranged from 3.6 to 10.7 days after the introduc-
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Fig. 3. The total mortality (in %) of Brevicoryne brassicae
distributed according to their developmental stages (nymphs +
adults) when fed continuously during their whole life (nymphal
and adult) on treated plants (X all aphids is 100%).

tion of cabbage aphids to the treated plants. No effect on
longevity was observed with the 20E (from 16.0 to 17.5
day). The untreated control group lived in average of 14.3
days.
Fecundity
Nymphs

The effect of ecdysteroids on fecundity is summarised
in Table 3, expressed as the average number of offspring
per female per day of the mature imago’s life. The aphids
feeding on plants treated with all of the ecdysteroids
during their nymphal stages (Table 3) showed a signifi-
cant decrease of average number of offspring per female
(dfyy=6, 38; F=7.13 , P <0.0001). The average number
of offspring ranged from 1.2 to 2.7 nymphs per day for all
ecdysteroids. In the control, the average number of off-
spring was 4.6 nymphs/day.

Adults

A significant effect (dfy,= 6, 53; F = 6.80 , P <0.0001)
on the number of offspring was observed with aphids
feeding on plants treated solely with ecdysteroids during
their mature stage (Table 3). This effect manifested itself
by a significant decrease in fecundity at the concentration
of 0.07 mg/ml of ajuC, when the average number of off-
spring was 1.0 nymphs/day. Other ecdysteroids had a sig-
nificant effect (in addition Lc-Ecdy 8) on the number of
offspring which ranged from 2.2 to 2.9 nymphs / day. In
the control group, the average number of offspring was
4.6 day.

Nymphs and adults

A significant effect (df,, = 5, 35; F = 2582 , P <
0.0001) on the number of offspring was observed with
aphids feeding on plants treated with ecdysteroids during
their nymph and mature stages (Table 3). The effect of
20E on fecundity was almost equal to the effect observed
in the treatment of aphids which fed only during their
nymphal stages. The concentration of 0.07 mg/ml of ajuC
and polyB showed the maximum effects in all experi-
ments.



TaBLE 3. Effect of ecdysteroids on the development period and longevity of Brevicoryne brassicae (average periods in days +
S.E.) z— at these doses it was not possible to determine the effect on the nymphal development and reproductive period due to high
mortality; y — bold — nymphs and/or adults sucking only treated plants; italic — nymphs and/or adults sucking only plants not treated.
x — within columns, figures followed by a common letter do not differ significantly at P < 0.05 (Tukey).

Phytoecdysteroids 1* instar 2nd irlljs:relop?zlzlstar 4™ instar T(fetsillz)}ll)rrnn]zl:l?l I:)(}nf(;;lttsy IOE/;Z?’?W Fecundity
Nymphs
Lc-Ecdy 8 (0.7 mg/ml) 2.2+0.42 24+052 2.0£0.00 1.7+0.58 8.3 £0.58 4.0+ 2.34a 6.4 +4.50a 1.2+ 1.08a
Lc-Ecdy 8 (0.07 mg/ml) 2.4+0.70 23+046 1.7+£0.52 1.7+052 8.0+1.10 80+6.75%ab 102+7.64a 22+2.1la
20E (0.7 mg/ml) 22+042 22+042 1.8+092 1.9+0.57 81+£0.57 129+753ab 21.0+7.36c 2.5+042a
20E (0.07 mg/ml) 24+052 1.8+042 17050 2.2+0.44 82+0.67 13.6%6.93ab 199+8.76bc 2.7+0.56a
ajuC(0.07 mg/ml) 1.8+042 22+041 23+£050 2.0+0.82 85+1.00 [0.0+£346ab 104+6.75a 2.6+0.93a
polyB (0.07 mg/ml) 20+047 21£032 1.8+041 2.2+045 8.0+£0.71 [10.8+818ab 113+3.83ab 2.0+1.19a
Adults
Lc-Ecdy 8 (0.7 mg/ml)  2.5+0.53 22+042 19057 1.9+0.32 85+0.85 63+3.77a 14.8+4.02a 2.2+1.23ab
Lc-Ecdy 8 (0.07 mg/ml) 2.4+0.52 1.7+048 2.0+0.67 1.9+0.57 8.0+0.94 6.7+3.62a 14.7+3.59a 3.3+1.30bc
20E (0.7 mg/ml) 23+048 21+057 1.6+£0.70 1.8+0.42 78092 11.3+599ab 16.9+6.93abc 2.5+1.31ab
20E (0.07 mg/ml) 21+0.57 1.8+042 1.6+052 19+0.57 7.4+1.07 13.7+4.42b 21.3+4.06bc 2.8 +1.05ab
ajuC(0.07 mg/ml) 21+0.57 20+047 1.9+£032 18+0.42 7.8+0.92 5.9+2.42a 13.7+2.45a 1.0 £0.72a
polyB (0.07 mg/ml) 1.9+£0.57 2.0+047 20+047 2.1+£032 8.0£0.94 8.1+3.28a 16.1+3.93ab 2.9=+1.10ab
Nymphs and adults
Lc-Ecdy 8 (0.7 mg/ml)  2.6+0.53 1.8+0.75 1.5+0.58 -z - - 3.6 +1.58a -
Lc-Ecdy 8 (0.07 mg/ml) 2.1+£0.57 1.8+042 2.0+0.58 2.0+0.00 7.5+0.58 9.5+0.58ab 9.5+4.30ab 3.0 +0.06bc
20E (0.7 mg/ml) 21+032 2.0+047 1.6+052 1.8+0.42 75+£097 10.9 +4.67ab 16.0 £ 6.58bcd 2.4 +0.77b
20E (0.07 mg/ml) 23+048 2.0+0.00 1.5+0.53 1.9=+0.64 7.8 +£0.71 13.8+5.78b 17.5+9.06cd 2.3+1.29b
ajuC(0.07 mg/ml) 20+047 2.1+038 2.0+089 23+£0.52 7.7+£1.03 53+273a  73+4.60a 0.8+0.79a
polyB (0.07 mg/ml) 20+047 21£038 1.8+050 2.3+0.52 7.3+£0.52 10.7+0.52ab 10.7 £5.62abc 0.1 +£0.05a
Control 20+£047 1.9+£032 2.0+047 19%0.57 7.8+£0.79 14.3+£4.11b 22.1+4.09d 4.6+0.96¢
DISCUSSION little evidence supporting this hypothesis and quite a lot

The results of bioassays with phytoecdysteroids applied
systemically through the roots of rape plants showed sig-
nificant differences in the mortality and fecundity of B.
brassicae feeding on the plants. Our results thus con-
firmed the applicability of previously published methods
(Gelbic et al., 1984; Melé et al., 1992; Pavela et al., 2004)
for systemic application of compounds through the con-
ducting plant tissues for testing the efficacy of com-
pounds on sucking insects. Phytoecdysteroids are chemi-
cally quite stable in a water solution, especially under the
neutral conditions which were used for our experiments.
They are well accepted and translocated in plant tissues
(Melé et al., 1992) and they do not cause changes in the
metabolism or in the hormonal activity of plants
(Machackova et al., 1995).

The role of ecdysteroids in the life-cycle of plants has
not been elucidated so far. There still exist two main
hypotheses. According to the first one, phytoecdysteroids
may have a hormonal role in the plant, but there is very

against it (Machackova et al., 1995; Dinan et al., 1998).
Alternatively, it has been recognized for a long time that
phytoecdysteroids possessing insect moulting hormone
activity could participate in the defence of plants against
non-adapted phytophagous invertebrates (Dinan, 2001).
Our results provide corroborative evidence for this
hypothesis. Nevertheless, a rather high variability in the
effect of single ecdysteroids was observed.

The systemic application of low concentrations of aju-
gasterone C (ajuC) and polypodine B (polyB), as well as
the crude crystalline ecdysteroid fraction 8 (Lc-Ecdy 8),
to the plants caused a significant increase in mortality and
a reduction in longevity of cabbage aphids. The majority
of aphids fed on plants treated with ajuC, polyB or LC-
Ecdy 8 did not complete their development and died in
the juvenile stage (Figs 2 and 3). However, 20-
hydroxyecdysone (20E) did not significantly affect the
development of nymphs. A slight increase in mortality
was observed only in adult aphids. This may support the
assumption that insects are generally more adapted to
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major plant constituents than to their less abundant ana-
logues or chemically transformed derivatives with a fea-
sible phytoalexin-like feature. Melé et al. (1992) obtained
similar results with the nymphs of the whitefly, Trialeu-
rodes vaporariorum. The authors tested the mortality of
selected ecdysteroids isolated from the Ajuga reptans
plant on the development and longevity of 7. vaporari-
orum. Similar to our experiments, the ecdysteroids did
not cause changes during the nymphal developmental
period. Significant differences in mortality were observed
with single ecdysteroids, where the highest mortality was
detected especially in the first instar period, particularly
with 29-norsengosterone, 29-norcyasterone and poly-
podine-B. Identical to our results, they did not observe
significant mortality for 20E. The authors have also
proven that the ecdysteroids were translocated from the
culture medium to the leaf with no apparent changes in
their composition.

From the chemical structure-biological activity relation-
ship point of view, it is interesting that ajuC and polyB,
hydroxylated in rather unusual positions (C-5 or C-11),
show significantly higher activity than 20E, the com-
pound with substituents in normal positions for ecdyster-
oids. The minimum 35.8% content of unusually substi-
tuted ecdysteroids (including makisterone A and inokos-
terone) in crystalline fraction Lc-Ecdy 8 caused this frac-
tion to show high activity, only slightly influenced by the
45.4% content of 20E. For a further study of this
structure-activity relationship we are now testing other
ecdysteroids containing usual and unusual skeletal or
side-chain substituents.

The biological activity of some phytoecdysteroids has
been tested in a wide variety of insect bioassays (Ber-
gamasco & Horn, 1980; Cymborovski, 1989; Dinan,
2001). Almost all phytoecdysteroids demonstrate quanti-
fiable activity on the ecdysteroid receptor (Dinan et al.,
1999) and are used for quantitative structure — activity
relationship studies to explain the rather high variability
of their effects (Harmatha & Dinan, 1997). Ecdysteroids
have also been reported to affect insect growth and repro-
duction in vivo, when added to natural or artificial diets
which would otherwise support optimum growth and
reproduction (Slama et al., 1993; Zhang & Kubo, 1994;
Dinan, 2001). When comparative efficacy tests of 20E
were done with other ecdysteroids, the results always dis-
played higher biological activity of the other ecdysteroids
than 20E (Arnault & Slama, 1986; Melé et al., 1992). Our
systemic application expanded these studies to aphids.
Even though our experiments were made with a small
sample of aphids (mainly because of insufficient avail-
ability of pure ecdysteroids), it was possible to conclude
that the systemic application of 20E, ajuC and polyB,
likewise an ecdysteroid mixture (fraction Lc-Ecdy 8), in
low concentrations caused significant mortality and also
significantly increased the reduction of fertility. The
observed reduction of aphid fertility in our experiments
was probably due to the disturbance of hormonal balances
that may consequently affect the population dynamics of
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B. brassicae aphids. However, antifeeding or metabolic
inhibition effects should not be excluded.
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