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Abstract: Fraxinellone is a naturally occurring degraded
limonoid isolated from many species of plants in Meliaceae
and Rutaceae. Besides structural modification of the lead
compounds, the toxicology study of the lead compounds is
also a very important procedure to develop insecticidal
agents. Herein the toxicology study of fraxinellone was
carried out as the ovicidal agent against the eggs of two
lepidopteran insects Mythimna separata Walker and
Bombyx mori Linaeus. Fraxinellone selectively exhibited
an ovicidal activity against the eggs of M. separata. After
treatment with fraxinellone, the eggshells of M. separata
were shrinked, whereas those of B. mori had no obvious
change. The dynamic process of M. separata embryo
development demonstrated that the distinct difference
between the treated eggs and the control ones was obvious
at the second day after treatment, especially, the control
embryo finished blastokinesis, whereas the treated ones
were still laid at pre-reversion status and a lot of yolk can be
seen around the embryo. It ultimately resulted in the
eggshell withered and the egg hatching inhibited.
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1 Introduction

Although synthetic chemical insecticides have played a
significant role in modern agricultural pest management,
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repeat and extensive application of those agrochemicals
over the years has resulted in the development of resis-
tance in insect pest populations and environmental prob-
lems [1-3]. Due to pesticides produced from plant
secondary metabolites may causing less or slower resis-
tance development and lower environmental pollution,
recently, the discovery of new insecticidal agents directly
from plant secondary metabolites, or by using them as the
lead compounds for structural modifications, have been
one of the important procedures for research and devel-
opment of new pesticides [4-10]. Additionally, besides
structural modification of the lead compounds, the toxi-
cology study of the lead compounds is also a very impor-
tant procedure to develop new insecticidal agents. At
oviposition, insect eggs provide all the nutrients and en-
ergy necessary for their embryonic development, and their
eggshells, which are used to protect eggs away from all
natural dangers, are normally composed of three layers
such as the vitelline membrane (VM), endochorion and
exochorion. The eggshell is created to facilitate fertilization
and allows respiration of the developing embryo [11].
Currently, the large majority of insecticides are focused on
the management of the most destructive stages of insect
pests such as at the larval, nymphal and adult stages.
However, the ovicidal effects of insecticides are usually
ignored.

Fraxinellone (Figure 1), a naturally occurring
degraded limonoid, has been successfully isolated from
many species of plants in Meliaceae and Rutaceae,
including Dictamnus angustifolius, Fagaropsis glabra,
Melia azadarach, Raulinoa echinata, and Dictamnus
dasycarpus [12]. Although many bioactivities, such as
fraxinellone showing slow-delayed toxic activity and the
insects possessing digestive tract poisoning symptoms [13,
14], and protease (especially the weak alkaline trypsin-like
enzyme), Carboxylesterase (CarE) and glutathione S-
transferase (GST) of the treated Mythimna separata Walker
played important roles in the metabolism of fraxinellone
in the midgut [15, 16], have been reported by our group and
other researchers. In continuation of our program aimed at
the discovery and development of natural-product-based
insecticidal agents [17, 18], in this paper we studied the
toxicology of fraxinellone as the ovicidal agent against the
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eggs of two lepidopteran insects M. separata and Bombyx
mori Linaeus. We hope it will pave the way for further
structural modifications of fraxinellone as ovicidal agents.

2 Materials and methods
2.1 Insect and chemicals

Fraxinellone was isolated from D. dasycarpus as a white solid, and its
purity was larger than 99% (purchased from Baoji Haoxiang Bio-
technology Co. Ltd). The larvae of M. separata were obtained from
Institute of Pesticide Science, Northwest A&F University and were
reared on wheat leaves in a conditioned room (25 + 2 °C, 60-80%
relative humidity (RH), 12h/12 h (light/dark) photoperiod) till they laid
plump eggs. The eggs of silkworm B. mori were purchased from the
Sericultural and Silk Research Institute of Shaanxi province.

2.2 Ovicidal activity assay

The newly laid plump eggs of M. separata and B. mori were collected.
Three acetone solutions of fraxinellone were prepared at the concen-
trations of 5.0, 10.0, and 20.0 mg mL", respectively. Each concentra-
tion was done in three replicates. About 100 eggs were used in each
replicate and dipped into the corresponding solution for 3 s. Excess
solutions were removed by filter paper. The treated egg masses were
then transferred into petri dishes with filter paper on the bottom. The
fresh wheat leaves were used to keep the humidity. Egg masses were
treated with acetone alone as the blank control group (CG). The
experiment was carried out at 25 + 2 °C and 60-80% RH, and at 12 h/
12 h (light/dark) photoperiod. The hatching rate (HR) of eggs was
calculated by the formula: HR (%) = the number of first-instar
larvae x 100 / the number of total eggs. All the assay data were
analyzed by Duncan’s posttest, which was conducted using statistical
product and service solutions (SPSS) 17.0 software to examine the
significance of differences.
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Figure 1: The chemical structure of fraxinellone.
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2.3 Scanning electron microscopy (SEM)

The eggs were treated as the method mentioned above and the con-
centration of the acetone solution of fraxinellone was 20 mg mL™.
Selected eggs of M. separata and B. mori were fixed in 2.5% glutaral-
dehyde for 2 h. After rinsing twice with 0.2 M phosphate buffered
saline (PBS), the samples were dehydrated with increasing concen-
trations of alcohol at 15 min intervals. In order to complete the dehy-
dration process, the samples were then subjected to critical-point
drying. Subsequently, the samples were attached to a copper platform
with double-stick tape and coated with gold-palladium in a sputter
coating apparatus. Finally, the samples were observed with a JSM-
6360LV scanning electron microscope.

2.4 Light microscopy (LM)

The newly laid eggs of M. separata were collected and treated with
the acetone solution of fraxinellone at 20 mg mL™". The eggs treated
with acetone alone were used as the blank control group. After
treatment, the eggs were maintained at 25 + 2 °C and 60-80% RH,
and at 12 h/12 h (light/dark) photoperiod. Every 24 h, some of the
treated eggs were selected and fixed with Bouin’s and Carnoy’s so-
lution for 12 and 4 h, respectively. A solution of 10% aq. KCl was used
to soften the eggshells, which were further dehydrated in grade
ethanol solution and embedded in paraffin. The 5 pm sections were
stained with hematoxylin and eosin (H & E) and observed in a Nikon
microscope. The specimens were prepared till the control group
started hatching.

3 Results and discussion

In our previous report [14], we found that fraxinellone
exhibited the inhibition ability on the egg hatching of
M. separata. In the present paper, the ovicidal activity of
fraxinellone was tested against eggs of M. separata and
B. mori, and fraxinellone selectively displayed the ovicidal
activity against eggs of M. separata (Figure 2). For example,
when the eggs of M. separata were treated with frax-
inellone at the concentrations of 5, 10 and 20 mg mL", the
corresponding HRs of the eggs were 54, 52 and 48%,
respectively (Figure 2-up), whereas the HR of the eggs of
the CG was 96%. On the contrary, fraxinellone had no
distinct effect on the egg hatching against B. mori. When
the eggs of B. mori were treated with fraxinellone at 5, 10
and 20 mg mL", the corresponding HRs of the eggs were all
larger than 80% (Figure 2-bottom).

The eggshell is the first barrier to insecticide penetra-
tion. Due to the important roles of eggshell in protecting
embryo away from harm, the structures of the treated
eggshell of M. separata and B. mori were also investigated.
By SEM, we found that the newly plump eggs of M. separata
looked like a number of shining pearl, and the diameter of
them is about 0.7 mm. The egg surface is very smooth and
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Figure 2: Effects of fraxinellone on the hatching from eggs of
Mythimna separata (up) and Bombyx mori (bottom). Data in the
figure are mean + SE. Different lowercase letters indicate the
significant differences among different groups (p < 0.05).

beautiful curlicue arranged on the one pole. It is the
micropyle of egg. Around the hole, there are many quad-
rangles or diamond structures (Figure 3a—c). Once the eggs
of M. separata were treated with fraxinellone at 20 mg mL ",
their eggshells were shrinked (Figure 3d). Finally, it
resulted in the eggshell wrinkled and the egg hatching
inhibited. Different from that of M. separata, the eggshell
(about 1.1-1.4 mm diameter) of B. mori is rough and
covered with an outer layer typified by hexagonal struc-
tures, which were filled with small nodules (Figure 4a—c).
Interestingly, even if the eggs of B. mori were treated with
fraxinellone at 20 mg mL™, the eggshell had no obvious
change (Figure 4d).

The dynamic process of M. separata embryo develop-
ment was investigated by LM as shown in Figure 5. At the
first day, there was no obvious difference between the
control eggs and the treated ones (at 20 mg mL™" of frax-
inellone), and most of them stayed at the period of seg-
mentation and appearance of appendages (Figures 5a and
b). A few of treated embryos were full of yolk and vitello-
phage, and had no hatching evidence (Figure 5c). At the
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Figure 3: The microscopic structures of the eggshell of M. separata.
Control egg (a, b and c); treated egg (d). The black arrow (Figure 3c)
indicates the micropyle of M. separata egg.

Figure 4: The microscopic structures of the eggshell of B. mori.
Control egg (a, b and c); treated egg (d).

second day, the abdomen part of embryo of the control
eggs was towards inner and finished blastokinesis
(Figure 5d), whereas the treated ones were still stunted and
laid at pre-reversion status (Figure 5e). Especially a lot of
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yolk of the treated ones can be seen around the embryo
(Figure 5f). At the third day, the midgut of the embyro of
control eggs can be seen easily and the shape of eggshell
was regular (Figure 5g). On the contrary, the thinner cells
still appeared within foregut-midgut and midgut-hindgut
of the treated embryo (Figure 5h). Meanwhile, the eggshell
of the treated ones was changed irregularly (Figure 5i). At
the fifth day, the eggshell of the control group was integer,
and the shape was regular. Under the microscope, the
muscle fiber and nucleus of the control group were red and
dark amaranth, respectively. The cells of alimentary tract
were arranged tightly, and their cytoplasm generally was
stained amaranth in the control group (Figure 5m).
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However, the inner part of embryo of the treated ones was
stained red and their eggshells were changed rough
(Figure 5n and o). It indicated that the larvae tissues of
M. separata showed hypereosinophilic.

In summary, the ovicidal activity of fraxinellone was
evaluated against the eggs of two lepidopteran insects
M. separata and B. mori. Fraxinellone selectively exhibited
the ovicidal activity against the eggs of M. separata. After
treatment with fraxinellone, the eggshells of M. separata
were shrinked, whereas that of B. mori had no obvious
change. The dynamic process of M. separata embryo
development demonstrated that the distinct difference
between the treated eggs and the control ones was obvious

Figure 5: The dynamic development process
of embryo of M. separata under light
micrograph (200X). Control group (a, d, g
and m); treated group (b, ¢, e, f, h, i, n and
0). The first, second, third and fourth
horizontal lines represented 1, 2, 3 and

5 days after treatment, respectively. Vit:
vitellophage; Y: yolk protein; Hd/H: head;
Th: thorax; Abd: abdomen; Mg: midgut; Ms:
muscle fiber; S: eggshell; Al: alimentary
tract.
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at the second day after treatment. It ultimately resulted in
the eggshell withered and the egg hatching inhibited.
Moreover, we will prepare some novel fraxinellone de-
rivatives as ovicidal agents against the eggs of M. separata.
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