@)
SCli

Published online in Wiley Online Library: 25 March 2018

Research Article

Received: 5 October 2017 Revised: 5 December 2017 Accepted article published: 2 February 2018

(wileyonlinelibrary.com) DOI 10.1002/ps.4880

Larvicidal efficacy of Adiantobischrysene from
Adiantum Iatifolium against Oryctes rhinoceros
through disrupting metamorphosis and
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Abstract

BACKGROUND: Oryctes rhinoceros Linn. (Coleoptera: Scarabaeidae) is a serious pest of coconuts and other palms. Symbiotic gut
bacteria play significant roles in the digestion of cellulosic materials as well as in some other physiological processes essential for
the existence of O. rhinoceros larvae. The study was undertaken to isolate a compound with antibacterial and larvicidal activities
from the leaves of Adiantum latifolium Lam. following a bioassay-guided method.

RESULTS: Methanol extract (ME) of dry leaf powder of A. latifolium showed larvicidal activity against third-instar O. rhinoceros
(LDs,, 5018 mg/kg) with antibacterial activity on its gut microbiota. An in vitro study showed the bacteria Bacillus cereus,
Micrococcus lylae, Stenotrophomonas maltophilia, Kocuria rosea, Burkholderia mallei, Staphylococcus epidermidis, S. arlettae and
Corynebacterium afermentans identified from the larval gut were sensitive to ME. Bioactivity-guided isolation of the compound
by liquid-liquid extraction and column chromatography resulted in Adiantobischrysene which showed antibacterial and
larvicidal activity (LD,, 8.4 mg/kg) and led to weight loss and precocious metamorphosis in larvae. An enzyme immunoassay
showed a large peak in 20-hydroxyecdysone that commits larvae to precocious metamorphosis.

CONCLUSION: This study demonstrated that the antibacterial and metamorphosis disrupting activity of Adiantobischrysene
make it a natural pesticidal compound against O. rhinoceros.
© 2018 Society of Chemical Industry
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1 INTRODUCTION

the ecosystem and free from any residual effect on crops.® Adi-

The holometabolous insect rhinoceros beetle, Oryctes rhinoceros
Linn. (Coleoptera: Scarabaeidae) is a serious pest of coconuts and
other palms throughout tropical regions of the world. Adult bee-
tles bore into the centre of the crown, feed on exuding tissue
juices and damage the meristematic tissues, stunting plant devel-
opment. Pest attack leads to a reduction in the photosynthetic
activity of the palm and yield. The holes made by the beetle serve
as entry points for the lethal secondary attacks by other pests or
pathogens.!

Decaying organic matter and cattle dung are breeding sites for
the adult beetle. The larval stages with three instars are more
vulnerable, feed on structural polysaccharides of plant tissues
present in decaying organic matter or cow dung and take ~
100-250days to reach the adult stage.? Third-instar larvae are
voracious feeders, and grow for 60-165 days before entering a
non-feeding prepupal stage of 8- 13 days. The enzyme cellulase is
absentin larval and adult O. rhinoceros. They rely on the metabolic
versatility of microorganisms as symbionts in the digestion of
lignocellulosic food.*

Plant extracts in general have been recognized as important nat-
ural sources of insecticides.” Biopesticides are considered safe to

antum latifolium Lam. (Polypodiales: Adiantaceae), a fern, is valued
for its medicinal uses and antibacterial activity.” Phytochemical
studies show the presence of various classes of compounds such as
steroids, triterpenoids, phenolics, saponins, tannins and alkaloids.®

Colonization by symbiotic gut bacteria is inevitable in O.
rhinoceros larvae, which possess a large fermentation chamber
in the gut that assists in symbiotic digestion and the number of
cellulolytic bacteria increases with each instar along with volume
of food consumed.’ Identification of these bacteria in their insect
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host and the novel strategy of killing a pest by inhibiting symbiotic
bacterial growth will pave the way for a method of pest control
without developing insect resistance against phytocompounds.

The growth and development of insects are under the control
of various intrinsic and extrinsic factors such as hormones and
nutrition.'® In many insect species, the availability of food during
larval development is critical for metamorphosis.!" Third-instar
larvae of O. rhinoceros may undergo precocious metamorphosis
on prolonged starvation provided they have reached a critical
weight of 12.17 g for pupation and fail to pupate if the reduction
in body weight is found to be beyond a critical level.'? Plants are
also a natural source of anti-ecdysone and anti-juvenile hormones
which are more useful in controlling pest insects as they induce
precocious metamorphosis and larval damage.

The larvicidal efficacy of methanol extracts (ME) of A. latifolium
as an eco-friendly agent against O. rhinoceros, its antibacterial
activity via ingestion through food, identification of the bioactive
compound and an assay of the 20-hydroxyecdysone (20E) titre in
haemolymph form the subject matter of this study.

2 MATERIALS AND METHODS

2.1 Experimental organism

Third-instar larvae of O. rhinoceros (body weight 8.5+ 1g) were
collected from dung pits in and around Thiruvananthapuram
District, Kerala State, India and maintained on sterilized cow dung
until use.3

2.2 Plant material

Leaves of A. latifolium were collected from different locations
in Thiruvananthapuram. The plant was identified by KP Rajesh
(Sreekrishna College, Guruvayoor, India). A voucher specimen (no.
107) has been deposited in the herbarium of the Government
College for Women, Thiruvananthapuram. Plant leaves were dried
in the shade and ground to a fine powder.

2.3 Determination of larvicidal activity

Larvicidal activities were tested against O. rhinoceros larvae main-
tained for this purpose. Each group included six larvae reared in
plastic containers with cow dung in the presence and absence of
the test material. Various extracts of plant powder were thoroughly
mixed with cow dung after dissolving in 25 mL of distilled water
with 1% Tween 80, at various concentrations and served as food.
The experiment was repeated six times and included a control with
an appropriate concentration of Tween 80. Larval body weights
and mortality were recorded each day for 3 weeks. The medium
was changed every 3 days. A series of dose—response bioassays
was carried out including the control to determine LD, values.

2.4 Gut microbial load analysis

Treated and control larvae were dissected in 0.9% sterile saline
on day 10 after cleaning the body surface with 70% ethanol in
a UV laminar air flow. The mid- and hindgut regions of each
larva were removed aseptically, homogenized in sterile saline
and centrifuged at 3000 rpm. Microbial load was analysed by
performing a surface agar culture. The supernatant suspension
was serially diluted to concentrations of 107" and 107>, 100 L of
solution was taken using a sterile pipette and plated on nutrient
agar medium (Himedia) in Petri dishes. The dishes were incubated
at 37 °Cfor 48 h and the number of colony-forming units (CFU)/mL
was calculated. The experiments were repeated three times for
each replicate.

2.5 Isolation and identification of gut bacteria

Bacterial colonies were identified primarily by their morphological
characteristics which include colour, consistency, surface texture,
appearance and opaqueness. These colonies were picked and
purified by repeated streaking on fresh nutrient agar plates, iden-
tification at species level was done by using a Biomérieux Vitek 2
system.

2.6 Invitro study of antibacterial activity

Antibacterial activity was studied using the agar well diffusion
method. Plates were prepared by pouring 20 mL of molten nutri-
ent agar medium into the sterile Petri dishes. The agar left to
solidify for 5 min, then the medium surface was impregnated with
24 h grown strains. Wells (8 mm diameter, 2 cm apart) were made
on each of these plates using a sterile cork borer. Then 100 pL
extracts were added to the wells and the plates were incubated
at 37°C for 48 h. The diameter of any clear zone was measured
against the test culture.

2.7 Bioactivity-guided isolation from A. latifolium leaves
Dried leaf powder of A. latifolium (2kg) was extracted with
methanol using soxhlet apparatus, filtered and concentrated
to dryness under vacuum and subjected to bioactivity stud-
ies. The ME (2109g) was suspended in distilled water and then
partitioned successively with ethyl acetate and n-butanol. The
ethyl acetate (29g), n-butanol (64 g) and water fraction (106 g)
thus obtained were again subjected to bioactivity studies. The
ethyl acetate fraction showed larvicidal and antibacterial activity.
This active fraction was subjected to column chromatography
over silica gel (200-400 mesh size, Merck) initially eluted with
hexane/chloroform then chloroform/methanol gradients to
give eight fractions. The bioactive fraction obtained from eight
fractions (1.56 g) was subjected to reverse phase column chro-
matography over Cosmosil 75C 18-OPN (using a methanol/water
mixture (90: 10v/v) as the mobile phase) to obtain pure com-
pounds. Structural characterization of the bioactive compound
(210 mg) was carried out by infrared (IR) spectroscopy, "H NMR, '3C
NMR, high-resolution mass spectrometry (HRMS) and thin-layer
chromatography (TLC). TLC spots were detected either by spraying
anisaldehyde-sulphuric acid reagent or Hanessian'’s stain.

2.8 Enzyme-immunoassay measurement of the level

of ecdysteroids in haemolymph

The ecdysteroid level in haemolymph was measured as described
by Porcheron etal’® Haemolymph samples from control and
treated larvae were collected in pre-labelled sterile Eppendorf
tubes by cutting the third thoracic proleg of the larvae and sub-
sequent squeezing of its body, and centrifuging at 10 000 g for
10min at 4°C. A 100-uL aliquot of the supernatant was mixed
with methanol (1: 9), and centrifuged at 10 000 g for 10 min. The
resultant supernatant was evaporated to dryness in a vacuum and
resuspended in 50 puL EIA buffer. Ecdysone concentrations were
measured using a commercial ELISA kit (Cayman Chemical, Ann
Arbor, MI, USA) according to the manufacturer’s procedures. Ell-
man’s reagent was used for the chromogenic reaction and the
absorbance was read at 405 nm on a plate reader.

2.9 Statistical analysis

The statistical significance of data for control and treated groups
was assessed by analysis of variance (ANOVA) using SPSS 13 for
Windows. Statistical significance was accepted when P <0.05.
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Table 1. Effect of crude extracts of Adiantum latifolium against third instar larvae of Oryctes rhinoceros
Treatment
concentration Weight Day of significant Mortality Percent transformation
Extract (%, w/v) loss/gain (%)* weight loss rate (%)% into prepupae
Methanol extract Control 16.26 00 + 00°?
0.25 -12.72 10 35.00 + 4.28° 20
0.5 —-14.18 9 53.33 +3.33¢ -
1 -17.14 8 93.33 +2.10¢ -
Ethyl acetate fraction of methanol extract Control 15.34 - 00 + 00? -
0.025 —-11.84 9 16.66 + 2.10P 30
0.05 —15.28 9 43.33 +2.10¢ -
0.1 -18.67 9 88.33 +2.10¢ -
*After 10 days.
‘+Day on which loss of body weight appeared significant at 0.01 level compared to control.
‘tAfter 3 weeks. Values are means + SE of six replicates. Significance at 0.01 level.

Table2. Effectof methanol extract of Adiantum latifolium on number
of bacterial colonies in mid gut and hind gut of larvae of Oryctes
rhinoceros

CFUXmean + SE)
Treatment
concentration
(%, w/w) Mid gut Hind gut
Control 3.86 % 10° +0.08¢ 8.26 X 10° +0.24¢
0.25 2.93 % 10° +0.08¢ 6.23%x10° +0.24°
0.50 1.38%10° +0.13P 2.38%x10°+£0.112
1.00 0.59 x 10° +0.042 1.79 x 10° +0.08?

All values represent an average of three replicates.
*Significance at 0.001 level.

Table 3. Bacterial strains isolated and identified from the gut of
Oryctes rhinoceros larvae

Bacterial types

Bacillus cereus
Corynebacterium afermentans
Micrococcus lylae

Kocuria rosea

Staphylococcus epidermidis
Staphylococcus arlettae
Stenotrophomonas maltophilia
Burkholderia mallei

Gram positive Rod shaped

Coccus

Gram negative Rod shaped

Post-hoc testing was carried out using Duncan’s new multiple
range test (MRT). LD, values were calculated by probit analysis.
Bar graphs were plotted in Microsoft Excel 2007 and tables in
Microsoft Word 2007.

3 RESULTS

3.1 Larvicidal activity

The ME of A. latifolium caused significant dose-dependent mor-
tality in O. rhinoceros larvae (Table 1). Intoxicated larvae at the
initial phase of toxicity stopped feeding and showed a highly
dilated gut, which led to an assumption that indigestion may be
the reason for flatulence (Fig.1). Dose-dependent weight loss
was observed. The duration of feeding leading to a significant
reduction in body weight decreased as the concentration of ME
in food increased, despite the larvae being in the actively feeding
and growing stage. At a low concentration (0.25%), 20% of larvae
entered prepupal stage, but failed to pupate. The reduction in
body weight at a high ME dose (0.5%, 1%) is beyond the critical
weight and the larvae failed to prepupate. These effects were then
measured in the ethyl acetate fraction of ME and the bioactive
compound Adiantobischrysene was isolated from the bioactive
sub-fraction of the ethyl acetate fraction (Table 1, Fig. 2). LDy,
values were 5018, 583 and 8.4 mg/kg for ME, ethyl acetate fraction
and Adiantobischrysene, respectively.

Table 4. Growth inhibition by Adiantobischrysene against
Gram-positive and Gram-negative gut bacteria

Inhibition zone (mm)*

Bacterial type Control Adiantobischrysene

Gram Bacillus cereust 00 + 0.00 17.00 + 0.57
negative

Gram positive Stenotrophomons 00 + 0.00 16.67 +0.57

maltophiliat

*Repeated the experiments three times for each replicate, mean + SE
of zone of inhibition of bacteria, concentration 0.25 mg/mL.
tSignificant at 0.001 level.

3.2 Gut microbial load analysis, isolation and identification
of bacteria

Microbial analysis of gut contents showed sharp decrease in
CFU/mL of bacteria in the midgut and hindgut (Table 2). Eight
strains of bacteria in seven genera, six Gram positive and two Gram
negative were isolated and identified from the larval gut (Table 3).
All strains were highly sensitive to the ME and ethyl acetate
fraction of A. latifolium, Adiantobischrysene showed antibacterial
activity against the Gram-positive and Gram-negative gut bacteria
(Table 4, Figs 3,4).

3.3 Levels of ecdysteroids in haemolymph
Decreased body weight and early precocious pupation were also
caused by Adiantobischrysene, suggesting that the ecdysteroid

Pest Manag Sci 2018; 74: 1821-1828

© 2018 Society of Chemical Industry

wileyonlinelibrary.com/journal/ps




@)
SCI

WWW.S0Ci.org

RP Kumar et al.

Control Treated

Figure 1. Gut of Oryctes rhinoceros larvae. (a) Mid gut, (b) anterior sphincter,
(c) hind gut.
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Figure 2. Larval mortality caused by Adiantobischrysene against the larvae
of Oryctes rhinoceros. Each value is the mean + SE of three replicates. Values
marked with different letters indicate significant differences between
groups (P <0.05).

changes occur in the larval haemolymph. To address this, we mea-
sured ecdysteroid concentrations in the haemolymph from day 4
today 12 of treatment (Fig. 5). In the control larvae, ecdysteroid lev-
els in the haemolymph showed a passive increase from 250 pg/mL
on day 4 to 810pg/mL on day 12. In the 1mg treated larvae,
levels changed from 350 pg/mL on day 4 to 1833 pg/mL on day
12; in 3 g treated larvae, levels changed from 420 pg/mL on day
4 to 2466 pg/mL on day 12; and in 5mg treated larvae, levels

changed from 453 pg/mL on day 4 to 5266 pg/mL on day 12. A
sudden decrease in ecdysteroid concentration occurred on day 10
followed by a sudden surge in the ecdysone titre. This induced pre-
pupation even in larvae weighing 9.14 g, but there was no further
development.

3.4 Structural elucidation of bioactive compound

The bioactive compound had needle-like crystals, m.p. > 250 °C,
HRMS spectrum (M+) peak at m/z 890.74 (100%), (M + 1) + peak
at 891.74 (64.1%), (M+2)+ peak at 892.74 (20.7%). Elemental
analysis gave the molecular formula of the compound as C;gHgg Og.
IR spectrum (KBr) showed a hydroxyl group (3410cm~") and an
aliphatic C-H stretching group (2920 cm™").

"H NMR (400 MHz, CDCl;) shows & ppm 0.80 (3H,s), 0.87 (6H,s),
0.92 (3H,s), 0.99 (3H,s), 1.16 (3H,s), 1.18-2.0 (24H,m), 2.94 (1H,m),
3.26 (3H,s), 3.7(2H,s).

13C NMR (400 MHz, CDCl;) shows 6 ppm 16, 25.2, 86.2, 76.9, 42,
34.6,17.8,49.2,37.8,52.6,36.2,28.7,39.2,40.4, 29.3,35.8,42.8, 52,
20.1,28.65,21.6,17.7,20.8,16.1, 15.8, 16.3, 57.9, 63.2, 80.2, 92.

"H NMR (400 MHz, CDCl;) spectrum showed the presence of
six singlet methyl signals at 6 0.80, 0.87 (2x CH,), 0.92, 0.99
and 1.16 in addition to a singlet methine proton at 3.7 and
methoxy proton at § 3.26. '3C NMR (400 MHz, CDCl;) spec-
trum showed the presence of 30 carbon signals for 30 types of
carbon. Its fragmentation gives peaks at m/z 890.74, 876.72,
862.71, 858.67, 824.67, 701.53, 675.55, 469.33 and 393.32
(Figs 6,7). Comparison with authentic data indicates that the
compound is a dimer of triterpenoid.’* It is a newly reported
compound named Adiantobischrysene with the IUPAC name
(3aR,5aR,7as,8S,11bR,13bR)-3-(1,2-dihydroxy-1-((3aS,5aS,7aR,8R,
11bS,13bS)-8-hydroxy-9-methoxy-3a,5a,7a,8,11b,13b-
hexamethyl-icosahydro-1H-cyclopenta(a)chrysen-3-yl)ethyl)-9-
methoxy-3a,53a,7a,8,11b,13b-hexamethyl-icosahydro-1H-
cyclopenta(a)chrysen-8-ol (Fig. 8).

4 DISCUSSION

Larvae of Scarabaeidae spend their immature stages in decay-
ing matter rich in cellulose.? Microorganisms like bacteria, proto-
zoa and fungi are the most efficient cellulose and hemicellulose
degraders in nature. Insects have symbiotic associations of gut
bacteria including cellulolytic and non-cellulolytic strains, that aid
in the digestion of lignocellulosic food in the absence of gut cel-
lulase enzyme, providing nutrition, and the synthesis of vitamins
and sterols. The bacteria also protect the host from other poten-
tially harmful microbes and detoxification.'>~'®

Carbohydrate fermentation and by-product absorption were
studied in O. nasicornis larvae where cellulose digestion is brought
about by hindgut bacteria. Eight species of bacteria are present in
the midgut of O. monoceros.*'® In O. rhinoceros larvae, the middle
region of hind gut has an enlargement called proctodeal dilation
in which fermentation of food takes place and gut bacteria have
a profound role in cellulose digestion.'>?%?! In this study, we iden-
tified eight species from seven genera of bacteria in the gut of O.
rhinoceros larvae. The presence of these bacteria in many organ-
isms and their cellulolytic activity have been reported previously. B.
cereus has been reported from the gut of O. rhinoceros larvae with
cellulolytic and hemicellulolytic activity, M. lylae and C. xerosis in
the midgut of adult O. monoceros and M. lylae in the intestine of
the ornamental fish Parachromis managuensis.'*?%?2 S, maltophilia
is present in the midgut of Lutzomyia longipalpis, Burkholderia
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Figure 3. Growth inhibition of bacteria by methanol extract (concentration 25 mg/mL) and ethyl acetate fraction (concentration 5 mg/mL) of Adiantum
latifolium. Values marked with different letters indicate significant differences between groups (P < 0.05).

(b)

Figure 4. Antibacterial activity of different extracts of Adiantum latifolium.
Plate a: 1, negative control; 2, methanol extract; 3. ethyl acetate fraction.
Plate b: 1, 2, 4, duplicates of Adiantobischrysene; 3, bioactive sub-fraction
of ethyl acetate fraction.

symbionts in Riptortus clavatus and Leptocorisa chinensis, B. fun-
gorum in Harpalus pensylvanicus and Anisodactylus sanctaecrucis,
and Staphylococcus sp. in gut of third-instar larvae of Helicoverpa
armigera.®>-2° The enzyme activities, degradation of organic com-
pounds, growth on NaCl, production of acid from carbohydrates,
susceptibility to antibiotics and other physiological characteris-
tics of the genus Kokuria have been reported previously.?” These
studies support our findings that the bacteria identified here play
significant roles in the digestion of cellulosic materials and in
other physiological processes essential for the existence of the O.
rhinoceros larvae.

The multitrophic and multifunctional roles of symbiotic bacteria
provide a new strategy for pest control by disrupting the symbi-
otic interaction, thereby causing a deleterious effect on host. The
potential of antibiotics to manipulate the mutualistic interaction
between a host and its bacteria has been studied widely in
insects. Feeding norfloxacin to adult Eurygaster integriceps
significantly impaired the growth and development of offspring in
a dose-dependent manner.® Weight loss and mortality was seen
in O. rhinoceros larvae on feeding an antibiotic-treated cow dung
mixture because it eliminates microbes.’? In the present study,

A. latifolium was investigated for its larvicidal activity via inhibiting
the growth of bacterial colonies in the gut of third-instar larvae
of O. rhinoceros. The antibacterial activity of A. latifolium extracts
against the bacterial strains S. aureus, Klebsiella pneumonia,
Pseudomonas aeruginosa and Escherichia coli is well known.”?° In
the present study, ME of the plant showed larvicidal effect and
a decrease in bacterial load in the gut measured as CFU/mL. An
in vitro study of the ME and its ethyl acetate fraction showed
significant activity against all the identified gut bacteria.

Adiantobischrysene isolated from the active sub-fraction
showed antibacterial activity against Gram-positive and
Gram-negative gut bacteria. Nutritional deficiency, starvation
as well as disturbance of the digestion process, caused by the
compound reduced the larval growth rate and body weight.
Significant weight loss and dilation of gut in larvae occurred
within 10days leading to an inability of the larvae to take food
and gradual death at higher treatment doses. Adiantobischrysene
is a dimer of triterpenoids with a molecular weight of 891.4 g/mol.
Terpenoids have been found to possess antioxidant and antimi-
crobial properties in various studies.3~32 Plants usually produce
triterpenes in tissue, organ and developmental specific manners,
and in response to environmental disturbance, pest and pathogen
attacks.>® Clerodane diterpenes present in Detarium microcarpum
and the triterpenoid of Lantana camara showed insecticidal
activity against Reticulitermes speratus and Odontotermes obesus
respectively.3*-36 A, latifolium is a rich source of triterpenes, valued
for their various uses in traditional medicine, for example, as
an anxiolytic, analgesic and anti-inflammatory agent.”?® These
findings reinforce the antibacterial and larvicidal activities of
Adiantobischrysene as in our study.

At lower concentrations (0.25% methanol, 0.025% ethyl acetate
extracts and 1 mg Adiantobischrysene) larvae showed a decrease
in body weight and underwent precocious metamorphosis to
prepupation within 3 weeks, even at a low weight of 9.48 g, and
subsequent death. Previous studies indicated a critical weight of
12.17 g for precocious pupation of O. rhinoceros on prolonged
starvation.'” Any change in the composition and quality of its
feed at an early third instar stage can increase or decrease larval
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Figure 5. Effect of Adiantobischrysene on 20-hydroxyecdysone titre in the haemolymph of third instar larvae of Oryctes rhinoceros. *Significant at 0.05
level. Each value is a mean value of three separate determinations with error bars.

OH
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Mass: 858.67 \\Q“R
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Figure 6. Fragmentation of the compound Adiantobischrysene.

development and survival rate. Because third-instar larvae are
voracious feeders of decaying matter, during pupation the adult
structures are formed and replace larval structures. The pupa does
not feed, and its energy must come from foods it ingested as a
larva. The increase in cellulolytic bacterial count with increased
larval stage can be attributed to the increased volume of food
consumed. At higher doses (0.5% and 1% methanol, 0.05% and
0.1% ethyl acetate extract, and 3 and 5 mg Adiantobischrysene)
the antibacterial activity of the compound caused indigestion of

CsHagOg™"
Mass: 864,72

A
CseHggOy
Mass: 824.67
20CH, 4H
oH27Qs

CygHy 0™
Mass: 675.55

Mass: 393.32

food in early third-instar larvae that prevented it from attaining
the critical weight of 12.17 g necessary for starvation-induced
metamorphosis.

The growth and development of an insect is under the control
of various intrinsic and extrinsic factors such as hormones and
nutrition.'® Ecdysone and its active metabolite 20E, collectively
known as ecdysteroids, are essential for controlling development,
for example moulting, metamorphosis and diapause.?” Surpassing
a critical weight results in the initiation of an endocrine cascade for
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Figure 7. HRMS spectrum showing fragmentation of Adiantobischrysene.
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Figure 8. Structure of Adiantobischrysene.

metamorphosis, as originally described for the tobacco hornworm,
Manduca sexta.3® Once larvae reach the critical weight, juvenile
hormone titres decline, allowing the release of prothoracicotropic
hormone, which is produced in the brain and secreted from the
corpora allatum.? This acts on the prothoracic gland leading to
synthesis of the moulting hormone ecdysone and 20E. In this
study, the enzyme immunoassay showed high levels of 20E in the
haemolymph of the larvae when compared with controls, and an
ecdysone surge occurred on day 10. This was because indigestion
of food caused a nutritional shortage and simultaneous release of
20E in exponential quantities that might have induced precocious
prepupation even at a very low weight of 9.48 g. A similar observa-
tion of elevated 20E leading to precocious pupation was observed
in Drosophila.*® Starvation signals from the gut induce an increase
in ecdysteroid concentration in the haemolymph to above the
threshold level via activation of the ecdysone synthesis pathway.
We found very high levels of 20E in the haemolymph of larvae
treated with 1 mg of the insecticidal compound Adiantobischry-
sene. However, precocious pupation did not occur at higher
concentrations of 3 and 5mg. Triterpenoids in plants act as
natural analogues of insect juvenile hormones disrupting nor-
mal metamorphosis.*' Two triterpenoids, cucurbitacin B and
cucurbitacin D have been isolated from seeds of Iberis umbellata

and shown to be responsible for the antagonistic activity of a
ME of this species in preventing the 20E-induced morphological
changes in the Drosophila.** These triterpenoids are generally
detrimental to insect development and are toxic at higher con-
centrations. Cucurbitane-type triterpenoid compounds from the
bitter gourd Momordica charantia showed anti-estrogenic activ-
ity on their enzyme receptor-modulating potential.** Dimeric
triterpenoid glycoside from Rubus rigidus strongly enhanced
the antioxidant activity of its monomers.** We therefore assume
that Adiantobischrysene may also possess anti-ecdysone activity
preventing larvae from precocious metamorphosis at doses
>1mg.

These findings showed that larvicidal activity of Adiantobischry-
sene against O. rhinoceros may be via multiple effects. One target
is the symbiotic gut microbes because microbial cellulolysis is
essential for larval growth and metamorphosis. Physiological star-
vation due to Adiantobischrysene caused a hormonal imbalance
by elevating the level of ecdysone hormone in haemolymph,
inducing precocious metamorphosis. At higher concentrations,
the compound also showed antagonistic activity preventing
ecdysone hormone from inducing morphological changes. Most
conventional synthetic insecticides are rapid-acting neurotoxins
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with non-selective poisoning on all the fauna of ecosystem. There-
fore, natural compounds with selective toxicity via ingestion of
food and having multifaceted effects on the target are of prime
importance because they are eco-friendly.
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