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Abstract-In the greenhouse the Large White butterfly (Pieris brassicae L.) does not oviposit on the Siberian wallflower 
(Cheiranthus x allionii) or Erysimum scoparium. From the leaves of Cheiranthus x dionii we extracted a strophanthidin 
glycoside (also present in washings from the leaf surface) which when sprayed onto cabbage leaves inhibited egg laying. 
These extracts were tested in a dual choice chamber. Assayed on the butterfly’s tarsal receptors the strophanthidin 
glycoside produced a high, to very high impulse frequency, which is phasi-tonic, with only one cell firing. It appears to be 
the first natural contact oviposition deterrent recorded for the Lepidoptera. 

- 

INTRODUCTION 

The Large White butterfly (Pieris brassicae L.) does not 
oviposit on plants of either the genus Cheiranthus or 
Erysimum in the greenhouse, and only exceptionally in 
Nature, although both contain mustard oils (glucosinola- 
tes), their classical oviposition cues. It is of course well 
known [l] that both these plant genera contain cardiac 
glycosides within their tissues, whereas these are lacking 
in the majority of the Cruciferae, and have never been 
identified in the food plants of this butterfly. Cardenolides 
have been extracted from petals as well as the foliage and 
seeds of Cheiranthus [Reichstein, T., personal communi- 
cation]. 

In a series of preliminary experiments by one of us (MR) 
cf. [2]* extracts of the foliage of a selection of various 
plants (Table 1) were sprayed onto the surface of fresh 
cabbage leaves which were offered to gravid or oviposi- 
ting Large Whites, for a period of two or three hr during 
the peak egg-laying period. The control was a cabbage leaf 
sprayed with extract from a similar cabbage leaf or with 
distilled water. Egg batches on both the experimental and 
control leaves were compared (Table 1). 

Although a wide variety of plant species were used for 
comparison we chiefly selected those known to contain 
alkaloids or other substances believed to protect them 
from herbivores, whether by taste, smell or indigestible 
and toxic properties. Special attention was paid to species 
of the Asclepiadaceae which are also known to contain 
cardenolides [ 11. 

It is recognised that quite apart from external influences 
like sunshine, humidity, light, and atmospheric pressure, a 
combination of plant characteristics influence ovipos- 

*A synopsis of this paper only was published. The details 

presented here were embodied in the lecture itself [Z]. 

ition. Vision (involving leaf shape, colour, size, habitus, 
etc.) as well as odour perception of the plant volatiles, and 
the surface quality of the morphology of the foliage (a 
tactile stimulus as opposed to substances affecting the 
chemical senses) are all involved. But it is not unusual to 
find that a group of chemicals such as the mustard oils, 
released from the plant tissues by scratching or drum- 
ming, exert a critical and dominating influence, whether 
as attractants or repellants. The evidence we had accumu- 
lated from our observations and experiments supported 
the hypothesis that the cardiac glycosides known to be 
present in Cheiranthus and Erysimum [l] were the 
principal oviposition deterrents and, perhaps, chiefly 
responsible for the rejection by the Large White butterfly 
of the plant and the extinction of the oviposition cue also 
present. We therefore sprayed cabbage leaves with a 
solution of ouabain in order to test the effect on ovipos- 
ition of a cardenolide divorced from any of the plant 
volatiles and other chemical substances which could be 
present in our plant extracts. The ouabain spray was less 
potent as a deterrent than strophanthidin (unfortunately 
not available at that time for tests) but nonetheless proved 
effective. 

A simple experiment was also performed to demon- 
strate that some element in the Cheiranthus foliage was 
lethal to young caterpillars of P. brussicue. An egg batch 
was placed on a leaf of the wallflower and the eggs hatched 
normally. Presumably the mustard oil feeding cue in- 
duced the larvae to feed, but none survived beyond the 
2nd instar and most of them died during the first instar. 
This experiment was repeated several times with similar 
results. The same results were obtained with leaves 
sprayed with ouabain. 

We therefore concentrated our attention on the stro- 
phanthidins present in the plants. Our findings set out 
below suggest that these substances, which are essentially 
non-volatile, are the first naturally occurring contact 
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Table 2. P. brassicae: oviposition response to different strains of cultivated 

wallflower (Cheiranthus cheiri) 

Plant species 

extracted 
Plant extract 

(no. eggs or batches) 

Cabbage leaf sprayed 

cabbage extract or 

distilled water 

(no. eggs or batches) 

Cheiranthus cheiri* 

Strain A 

Strain B 

Strain C 

Strain D 

Resedu sp.* 

Tropaeolum sp.* 
Paper + Brassica* 

0 

2 

2 
1 

550 
8 (batches) 
4 (batches) 
4 (batches) 

- 

50 

135 

171 
48 

423 

9 (batches) 

3 (batches) 
green paper + distilled water 0 

*Contain glucosinolates 

after finding an acceptable host plant [4] but drums on 
average about 16 times before laying eggs. If well-matched 
contiguous plants of Mattiola sp. (which contain no 
cardenolides) and Cheiranthus allionii were offered, we 
found that no eggs were laid on the latter and fewer 
landings were made on Cheiranthus. If landings were 
followed by drumming, these were reduced in number 
before the plant was abandoned (Table 3 and 4). 

We have reported previously [S] that the presence of 
eggs of the Large White on a host plant function as a 
deterrent. Experiments performed in the greenhouse with 
egg washings (500 eggs/ml in water) show that sprayed on 
the surface of cabbage leaves these will also reduce 
oviposition (Table 5). But leaves treated in this manner 
will always be chosen in preference to leaves sprayed with 
extract of C. al/ionii. The latter is a far more powerful 
deterrent than any of those occurring naturally which we 

have reported in the past, such as slug damage, the 
presence of feeding larvae [S] or egg batches. 

Cardenolide identijication 

Tests of the various extracts in the dual choice chamber 
indicated that fraction 5 was the most effective oviposition 
deterrent and attention was therefore concentrated upon 
it. Isolation of this fraction was made from a base extract 
in 50% methanol subsequently subjected to clean-up. 
From fraction 5, ten HPLC fractions were further iso- 
lated, which contained 14 cardiac glycosides. Identific- 
ation of the major component of fraction 40.15 was made 
by a comparishn between the proton NMR spectrum 
(270 MHz) of this fraction (40.15) with that of strophan- 
thidin, proving that the main cardenolide is a strophan- 

Table 3. Ovipositing female P. brassicae*: number of individual drumming sequences on matched contiguous 

plants 

‘; drumming 
once ;’ drumming 

$ drumming 
‘r drumming 6 times and Egg 

Matched plants after landing twice 3-5 times over batches 

Stock 
(Matthiola) 

V 

Wallflower 
(Cheiranthus) 

33 
trials 

454 131 I74 143 161 

526 85 37 1 nil 

Cabbage 
(Brassica) 6 12 6 9 21 

V 1 

Stock trial 
(Matthiola) 3 5 8 6 2 

Cabbage 
(Brassica) 29 9 21 20 39 

V 
1 
trial 

Erysimum sp. 4 4 7 1 1 

*The butterflies were marked for purposes of identification but were free flying in the greenhouse. 
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Surface wash 

Leaf extract 

Cardenolides on leaf surface 

L 

ii,,- 

Fig. 1. Comparison of cardenolide contents in leaf extract and 

on leaf surface of C. allionii. Liquid chromatograms of A; 50% 

methanol-water extract and B; steam wash. Both samples with 

phenolics removed. Chromatographic column: analytical 15 cm 

4.8 mm i.d., packed with 4 pm Novapac Cl8 (Waters). Flow: 

1.0 ml/min. Oven temperature: 60’. Detection: UV adsorption at 

220 nm. Mobile phase: gradient from 10 to 40% of methanol in 

water in 35 min. 

strophanthidin type (24.50, 25.00, 36.75, 40.15, 46.35) and 
one (49.06) of the uzarigenin type. It will be seen from 
Table 6 that all ten fractions which were tested in the dual 
choice chamber at concentrations of 30 ng/cm’ were 
found to deter egg laying. In the trial with the major 
cardiac glycoside (fraction 40.15) 48 eggs were laid on the 
experimental leaf and 3453 on the control leaf. The effect 
appears to be additive not synergistic. Thus a mixture of 
the four principal components (24.50 + 25.00 + 36.75 
-140.15, see Fig. 2) has the same effect as the same 
concentration of one of these components (24.50) while a 
similar concentration of the four small components (44.50 
+ 46.35 +4X.05 + 49.06, see Fig. 2) is equally effective. 

Assuy on firetarsal receptors 

The foretarsal recordings of the B-hairs of P. brassicae 

(Fig. 3) show that they respond to 0.01 M NaCl in one or 
two cells, at very low frequencies. We found that the 
cardenolide produces a high to very high impulse fre- 
quency which is phasi-tonic, with predominantly only one 
cell firing. A crude extract of the oviposition deterrent 
pheromone (ODP) [S, 61 (egg washings 500 eggs/ml in 
water) evokes a medium to high frequency. Spike size and 
shape characteristics suggest it is the same cell responding 
to both the wallflower strophanthidin glycoside and 
ODP, a suggestion enhanced by the fact that we found 
that a mixture of both also stimulates only a single cell 
(Fig. 3). 

After stimulation with the cardenolide solution, the 
cell’s response to 0.01 NaCl becomes much more intense 
than before the application. The same applies to ODP 
reactions, although this proved more difficult to deter- 
mine as the initial response was medium to high intensity. 
In some preparations the potentiating effect of one or 

min 

Fig. 2. HPLC of a purified extract obtained from C. x d’ionii. Column: 30 cm x 8 mm i.d. 10 pm Polygosil C18. 

Column temperature: 60C. Mobile phase: methanol-water gradient from 10 to 25% in 5 min followed by 2545% in 

45 min. Detection: UV adsorption at 220 nm. Fourteen cardenolides were isolated from the methanol/water extract 

of C. x allionii. Five are of the strophanthidin type and one of the uzarigenin type. The main cardenolide fraction (R, 
40.15 min) does not represent all the activity in the plant extract but it has the strongest deterrent effect on 

oviposition and was present in large amounts in the leaves of C. cheiri, C. x allimii and Erysirnum scoparium 
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more stimulations with cardenolide solution was specta- 
cular. 

DISCUSSION 

Factors determining oviposition in butterflies, both 
with regard to attractants and deterrents, are varied and 
complicated. Writing about the insect’s ability to over- 
come or avoid the toxic defence mechanisms of their host 
plants, Blum [7] states each one must be regarded as a 
unique entity for, “it appears that the methods for dealing 
with toxins are as numerous as the insects themselves” 
and again, “the mechanisms of host plant recognition may 
be equally unique and diverse”. 

The Monarch (Danaus plexippus) for instance, feeds 
mainly on plants of the Asclepiadaceae and if card- 
enolides are present in the tissues they are sequestered by 
the larvae and stored [8]. But these substances do not 
constitute obligatory oviposition cues (the oviposition 
cue of the Monarch is unknown) and it lays and feeds up 
successfully on species lacking cardenolides. The Large 
White, which is also a toxic, aposematic species [9-111, 
stores glucosinolates sequestered from its foodplant, but 
these substances also serve as compulsory oviposition 
cues, and the gravid female will only lay on plants 
containing them. Although in the laboratory egglaying 
can be induced by merely brushing the gravid females feet 
with sinigrin [ 121 in Nature other less imperative factors 
within this framework, are known to play a not un- 
important role in determining the choice of oviposition 
sites [4, 51. Thus the presence of butterfly’s eggs on a leaf 
will render it unfavourable, over-riding otherwise various 
attractive features (Table 5). 

Rodman and Chew [I31 found that in Pieris napi 
oviposition correlates with glucosinolate profiles of plant 
species. This phenomenon-if indeed it exists for P. 
hrassicae-is far less well defined for this species [4]. 
Furthermore cardenolides painted on their foodplant, has 
neither a repellent or a toxic effect on the larvae of P. rapae 
[Usher: thesis] whereas in our experiments they invari- 
ably proved lethal to the young larvae of the Large White. 
The picture is further complicated by the variation in the 
repellent quality (cardenolide concentrations ?) in many of 
the cultivated strains of Cheiranthus cheiri and also by the 
different effects of the different types of cardenolides on 
the butterflies. This angle of the problem is well illustrated 
by the Danaids which are selective storers of the host 
plan1 cardenolides; in some cases they metabolise, reduce 
and in others enhance the toxic qualities of the seques- 
tered cardenolides [14, 151. Thus it is interesting, but also 
something of a relief to find that the deterrent effect of the 
strophanthidin glycoside from C. allionii is so clear cut and 
unequivocal; the fact they are also present on the leaf 
surface (Fig. 1) ensures they function as ‘instant’ contact 
deterrents. They can alert the butterfly to the unsuitable 
nature of the potential host-plant without the female 
drumming or scratching the surface, and thus releasing 
the glucosinolates from the plant tissues. Should this 
occur, however, the cardenolide deterrent over-rides the 
glucosinolate cue. How this is brought about is at present 
a matter for speculation. 

In addition to a mechano-receptive neuron, the B-hairs 
on the fifth tarsomere [ 161 contain three chemoreceptive 
cells as deduced from impulse amplitudes and frequency 
characteristics [6, 171. They respond to salt, ODP, and 

glucosinolates. Our present observations suggest that the 
‘ODP receptor’ appears to act as a general deterrent 
receptor. Certainly the cardenolide is very effective, and 
we suggest that the deterrent-sensitive receptors are 
potentiated or de-stabilised by the action of the strophan- 
thidin glycoside. As far as we are aware this has not 
previously been reported for tarsal receptors, although a 
comparable phenomenon is known for the mouth-part 
sensilla of various insects, upon stimulation with copper 
ions, correlated with antefeedant activity. 

Many questions remain unanswered. Are the other cells 
also de-stabilized? Is the sinigrin receptor affected? Does 
the sensitised deterrent cell fire spontaneously, thus 
depressing oviposition behaviour? Do other related com- 
pounds have similar effects? 

Although strophanthidin appears to be such an un- 
usually effective deterrent-in fact the only natural con- 
tact deterrent identified hitherto for the Lepidoptera-it 
may not be the sole factor involved in the repellent 
qualities of Cheiranthus or Erysimum. Observations of the 
ovipositing female, free-flying in the greenhouse, suggests 
that the butterfly makes fewer close approaches (Table 4) 
to these plants than to other species which also contain 
glucosinolates. This suggests that a volatile may have 
discouraged the ovipositing Large White before contact 
with the Cheiranthus plant surface; on the other hand it 
may have merely lacked an additional unidentified attrac- 
tant present in Mattiola. 

It is well known (see [18] p. 488) that the volatiles from 
tomato and Indian hemp, when these plants are grown in 
the proximity of the normal food plant, reduces laying by 
the Large White (Pieris hrussicae). We have noticed that in 
the greenhouse the presence of plants of Passtflorafoetida 
dramatically reduces oviposition of this butterfly. Further 
investigation will, in all probability, reveal other deterrent 
factors in addition to the presence of the major strophan- 
thidin contact deterrent in Cheiranthus and Erysimum, but 
none which so effectively over-rides the glucosinolate cue. 

EXPERIMENTAL 

The hutteyflies. All the oviposition experiments and tests, both 
at Ashton and in Giiteborg were made with stock derived from 

Brian Gardiner’s Cambridge strain of the Large White butterfly 

(Pieris hrassicae). Those reared at Ashton were fed on cabbage, 

(Brassica oleracea, Greyhound cultivar). Those reared in Giite- 

borg were raised on artificial diet 1191. Three mercury halogen 

vapour lamps with wide 80 cm diameter reflectors were used to 

produce a light intensity in the breeding cages of 5000 lux. 
The plums. The wallflower (Cheiranthus cheiri), the Siberian 

wallflower (Cheiranthus x allionii) and Erysimum scoparium were 
grown under glass at Ashton (England). C. x allionii had been in 

cultivation in this situation 12 consecutive years. Our original 

stock of Erysimum scoparium was collected in the Canary Isles by 
Tadeus Reichstein. Plants derived from Ashton seeds were 

subsequently grown at Gdteborg (Sweden). We tested the 

deterrent oviposition effect of both living plants, living plant 

extracts and dried leaf extracts. Foliage was originally air-dried 

and sent by post to Sweden. Subsequently the plants were grown 

;at Giiteborg, and 5-IO-week-old foliage dried for 12 hr at 40“. 

The cabbage used in oviposition experiments at Ashton was 

Brassica oleracea (Greyhound cultivar), and at Giiteborg Bras- 
sica campestris var pekinensis (China King cultivar). 

Oviposition tests. The preliminary tests were carried out in a 

large greenhouse (at Ashton) in which 100 specimens of the Large 




