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ABSTRACT: A crude plant extract that was toxic to spider mites in a leaf dip bioassay was subjected to detailed chemical
analyses using chromatographic and spectroscopic techniques. The analyses revealed that the major active chemical was
probably [-sitosterol-3-glucoside, a known phytosteral. The literature indicates that this chemical has been identified in
a number of plant species and that it has been tested for utility in a number of medical therapies. It has not so far been
assaved for the control of arthropod pests. The data indicate that this compound may be of use in the control of pest

species, especially spider mites.

lant extracts have been used as insecticides for at

least the last 4000 years (Yang and Tang, 1988).
Their earliest documented use occurs in the Rig Veda,
the classic book of Hinduism, that was written in India
in 2000 BC (Chopra er al., 1949), Since then, at least
700 plant species have been documented as having been
used to control arthropod pests of one type or another
(Secoy and Smith, 1983). Many of these extracts are
still in use today. For example, in Zimbabwe the sap
from the bark of Spirostachys africana 1s used as a
pesticide in granaries, in South America, indians use
the leaves of Mammea americana to protect newly
planted trees from insect attack, and the almost
worldwide use of neem extract from Azadirachata
indica has now been extensively documented (Ahmed
and Grainge, 1986).

In recent years, the use of these plant extracts as
pesticides has begun to attract an increasing amount of
interest from agrochemical companies, university
researchers, and governmental research organisations.
The reasons for the upsurge in interest in native uses of
plants as insecticides are many and certainly include the
following. First, the costs associated with developing

new pesticides are slowly becoming increasingly
prohibitive because of low rates of discovery of novel
synthetic molecules and because of increasingly
stringent registration data requirements (McChesney,
1994). Second, conservative estimates suggest that only
10% of plant species worldwide have been screened for
extracts that may be of use for pest control (McLaren,
1986). Third, modern pyrethroid and carbamate
insecticides were developed as a result of studies on
naturally occurring plant-based insecticides. Fourth,
there has recently been the successful development and
formulation of the extract azadirachtin, a plant-based
insecticide derived from the neem tree. Finally, as
stated above, it is known that many native cultures
continue to use plant extracts for pest control and that
the scientific rationale for the use of many of these
products remains to be investigated.

Taken together, all of the above reasons explain
the upsurge in interest in extracts from plants that may
have pesticidal properties. The aim of the research
described in this paper was to add to this body of
knowledge on insecticidal plant extracts. Our main aim
was to identify the chemically active fraction of a crude
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plant extract that had already been shown to be toxic o
a wide range of arthropod pest species (Hutton et al.,
1996). The specific questions that we attempted to
address concerned whether the chemical basis for the
toxicity of the crude extract was a mixture of chemicals
or a single compound and whether the chemical
compound or compounds had been previously described
in the literature in relation to pest contrel and/or in
relation to any other process. Answers to these
questions would provide a starting point for further
research concerning the development of novel plant-
based chemicals that could be used for pest control.
The procedure we followed involved an Initial
separation of the crude extract using soxhlet apparatus,
a more detailed separation using vacuum liquid
chromatography, and then a final chemical analyses of
our most toxicologically active fraction using nuclear
magnetic resonance spectroscopy.

Materials and Methods

CRUDE PLANT MATERIAL: Plant material that had been
shown to be toxic to a range of arthropod pests in
bioassays with crude extracts in 70% ethanol was
supplied by Sarami Research Ltd, UK (Hutton er al.,
1996). The plant material was supplied as 0.5 kg of
dried leaves and stems. The origin of the plant material
was unknown at this time. All experiments were
undertaken at room temperature (ca. 20 - 23 °C).

SOXHLET EXTRACTION: Preliminary fractionation of the
plant extract was undertaken using soxhlet apparatus
(Wells er al., 1993). To carry out the fractionation
three soxhlet extraction units were set up in series. A
single thickness cellulose extraction thimble was then
packed with dried plant material and secured with glass
wool. The plant material was then exposed to the
solvents petroleum ether, ethyl acetate, and methanol
(Coates et al., 1994). Each solvent fraction was then
concentrated in vacuo using a rotavac (Bocht). This
procedure was replicated three times giving a total of
nine fractions (three for each solvent) m total.
Approximately 150 g of plant material was used for
each replicate extraction. Extract yields were greatest
for the petroleum ether fraction and lowest with ethyl
acetate.

BIOASSAYS: The toxicity of the fractions collected
following soxhlet extraction were assayed using leaf dip
bioassays and the mite pest species Terranychus urticae.
The leaf dip bioassay, which is described in detail by
Jepson (1993), essentially comprises the following.
Four 20 mm leaf discs were cut from a bean plant
(Vicia fabae) using a borer. The discs were then dipped
in a solution of the extract for 30 seconds and air dried
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for 60 minutes. All extracts were dissolved in 70%
ethanol which also served as a control. The extracts
were assayed at a concentration of 0.1mg/ml. After
drying, the discs were transferred (o moist cotton wool
in a petri dish and 10 adult spider mites placed on the
discs. A count of the number of dead and live mites
was then taken every day until four days after
treatment.

DATA ANALYSES: The bioassay data were analysed
using one-way analysis of variance on count data. The
data were checked to ensure that they met the criteria
for homogeneity of variance. The data are presented as
the mean percentage mortality recorded at 1.2 and 3
days after treatment.

VACUUM LIQUID CHROMATOGRAPHY: Vacuum liquid
chromatography involves a step gradient elution by
solvents controlled by vacuum (Coll and Bowden,
1986). It is a technigue that has been widely used for
the separation of chemicals from plant extracts (Pellitier
et al., 1986; Villasenor er al., 1996), A 250 ml
sintered glass Buchner filter funnel was packed under
vacuum with 200 g silica gel 60H for thin layer
chromatography. This gave a layer 5 cm deep. The
funnel was attached to a 500 ml Buchner flask.
Petroleum spirit was then run through the column four
times to ensure the solvent was evenly absorbed. The
plant extract in ethyl acetate (3 g extract in 500 ml of
ethyl acetate) was then combined with 3 g of silica gel
H0H. The solvent was then removed in vacuo leaving
the extract bound to the silica. This sample was then
finely ground and placed in an even layer on the
column. Solvents were then passed through the column
under vacuum in 500 ml quantitics. Each fraction was
taken off the column and dried in vacuo. The elution
was carried out using a stepped gradient of mixtwres of
petroleum ether, ethyl acetate and methanol. All of the
fractions that were separated were assayed for activity
using the leaf dip bioassay.

NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY: The
fractions obtained from the chromatographic separation
that gave the highest level of toxicological activity were
then analysed further using proton and carbon™ nuclear
magnetic resonance spectroscopy. This technique has
been widely used in the past to identify chemical
compounds within plant extracts (Lumonadio and van
haelen, 1986: Pieters and Vlietinck, 1989; Coates er
al., 1994),

Results
Table 1 gives the extract yields from the

preliminary fractionation carried out with the soxhlet
apparatus. Extract yields in the solvents ranged from
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TABLE 1

Extract yields following soxhlet extraction of plant material.

Rep. Dried plamt Petroleum Ethyl Methanol
used (g) Spirit Yield Acetate Yield
Yield
| 149 T73g 250 g JM e
2 172 5.12¢g 213g 474
172 6.35 g 353 g 423 g

ca. 6 g (petroleum spirit) to ca. 3 g (ethyl acetate). The
results of the bioassays that were then carried out with
these fractions are shown in Figure 1. At an extract
concentration of 0.1mg/ml both the ethyl acetate and
methanol extracts were toxic to spider mites. This
result was statistically significant (F= 52.24, P <
0.001). The criteria for significance used was the 5%
level and 95% confidence limits were calculated as a
means separation test following one-way ANOVA. The
petroleum spirit extract was not toxic to mites and the
results for this extract are not shown.

The ethyl acetate extract, despite giving a lower
level of mortality than the methanol extract, was
selected for further fractionation under vacuum. The
rationale for this selection was that this fraction was the
most suited for vacuum liquid chromatography. The
results concerning the toxicity of the resulting fractions
are shown in Table 2. Fractions that were toxic to
spider mites were detected over the solvent mixture
range of 70/30 (petroleum spirit/ethyl acetate) to
30/70. The fraction with the highest acaricidal activity
within this range was then analysed using nuclear
magnetic spectroscopy.
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Figure 1. The toxicity of extracts from the soxhlet

extraction to the spider mite tetranychus urticae,
Statistical analyses of the replicated toxicity tests gave an
F-ratio of 52.24 (P<0.001).

TABLE 2

Fractions Obtained from Vacuum Liguid Chromatography
and their Levels of Activity Against Mites in a Leaf Dip
Bipassay.

Extract Fraction
(% Petrolewm Spirit’ Ethy] Acetate)

Statistically Significant
Mortality { = 60%)

10070 Mot significant
9010 Mot significant
Bw20 Mot significant
T30 FP<0.05
6l P<0.05
50030 P<0.05
MG P<0.05
AT P=0.05
2080 Mot significant
1050 Mot significant
0/ 108 Mot significant

The proton and carbonl3 spectra produced by
NMR spectroscopy are available from the authors. The
spectra showed signals that comprised 11 * C-H2, 8 *
C-H, 1 *C=C, and 3 * C-C bonds. The spectra also
showed the presence of a glucose molecule. The spectra
were the same as that given by Kong er al. (1988). The
major molecule identified was therefore a phytosterol.
Some minor compounds were also present in the
spectra and the authors believe that these are probably
toxicologically inactive flavinoids. A suggested
structure for the major molecule identified is given in
Figure 2. This molecule is a phytosterol glucoside. The
phytosterol base is sitosterol and the suggested
molecular structure shows [i-sitosterol-3-glucoside.

Discussion and Conclusions
The compound sitosterol is a major phytosterol

that is found in plants and algae (Harwood and Russell,
1984). The major compound in our sample was

CaHs
Ly N
o] )
__.-'_"_.: *-.r "'A"‘ Cl—h
CHy : [
CH20H NG “‘“-? i

|
.0 — O e : s e ___.-

Figure 2. The chemical structure of daucosterol,
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TABLE 3

Plants that are known to contain the chemical compound Daucosterol,

Planr Species Plant part used for extract
Aderophora stenanthing Roors
Agrimonia pilosa Hoots
Aralia elaria Wood
Belomeanda globilus Flowers
Grentiana tibelica Leaves and Stems
. macrophyila Roots
Mirabilis himalicia Roos
Oplopanar elars Stems
Rabdosia angostifolia Roows
Tribulus rerrestris Leaves

Zea mays Leaves

probably a sterol glucoside formed by a B-glycosidic
linkage between the 3-hydroxyl of sitosterol and the 1-
position of glucose. This compound is P-sitosterol-3-
glucoside. It has also been called daucosterol. This
chemical has been found in many plant species and is
not novel. For example, it has been recorded in
Oplopanax elatus (Zhang et al., 1993), in Gentiana
tibetica (Zhang and Yang, 1994), in Eucalyptus
Globulus (Santos er al., 1997), and in Mirabilis
himalacia (Zhang er al., 1997), to name but a few. A
more extensive list of the plants in which daucosterol
has been extracted is given in Table 3.

The literature records that the primary use of
extracts containing daucosterol have so far been
medical. For example, extracts of A, Pilosa are cited as
being effective in the treatment of cancer (Koshiura er
al., 1985), Hsu er al. (1987) reports antihaemostatic
activity for daucosterol extracts, and other researchers
have investigated the usefulness of extracts for the
treatment of diabetes (e.g. Molokovskii et al., 1989).
To the best of the authors knowledge, references to the
use of this compound in relation to the control of
arthropod pests do not so far exist.

The data presented in this paper indicate that the
plant extracts assayed were toxic to spider mites and
that the major chemical constituent of fractionated
extracts was the compound daucosterol. It is tempting
therefore to conclude that the compound daucosterol is
responsible for the toxicological activity observed.
Indeed, the chemical structure of daucosterol (Figure 2)
is not unlike that of the arthropod moulting hormone
ecdysone (Figure 3). This suggests that the mode of
action of the compound may be interference with
hormonal regulation of cuticular structure. Certainly,
eyeball evidence of the dead mites recorded seemed to
suggest a degradation of the pest species exoskeleton.
Quite clearly further research is required. However, for
the time being we conclude that the compound
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Figure 3. The chemical structure of ecdysone.

daucosterol may have a role to play in the control of
arthropod pest species.
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