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ABSTRACT
The growth and development of Spodoptera littoralis (Lepidoptera: Noctuidae)
larvae strongly inhibited by Hyptis brevipes (Lamiaceae) dichloromethane extract.
The present study evaluates the antifeedant activity of dichloromethane extract of
H. brevipes against the 5" larval instar of S. littoralis using castor bean leaf disks.
The results from the no-choice bioassay showed that this extract caused antifeeding
effect by 58.3% + 6.3and 76.745.5 % at concentrations of 2% and 4%,

respectively. The histological changes in the midgut and Malpighian tubules of S.
littoralis larvae elicited by H. brevipes dichloromethane extract were also
evaluated. Two concentrations (2% and 4%) of this extract were orally applied to
the 3" instar larvae of S. littoralis for three consecutive days. The extract induced
many histological changes in the tested organs in a time and dose dependent
manner. At a concentration of 4% of H. brevipes extract, the peritrophic membrane
was detached and the mid gut lumen was packed with pycknotic-nuclei-epithelial
cells. Extensive destruction of the epithelium with cells lacking nuclei was also
observed in the mid gut of larvae treated with 2% after 7 days of treatment.
Architecture destruction of the Malpighian tubules of S. littoralis larvae treated
with 4% of H. brevipes extract was observed 4 days of treatment. Histochemically,
the total protein content was decreased in the mid gut cells of the treated larvae
compared to control. The target organ for this toxic material is the mid gut and
Malpighian tubules as indicated by their high sensitivity toward H. brevipes
extract. This sensitivity could be in part responsible for the antfeeding activity of
this plant extract and the deleterious effect on larval mortality and thus enhance the
possibility of using this plant extract in the control program of S. littoralis.
Keywords: antifeeding activity, Malpighian tubules, midgut, protein,
Spodoptera littoralis, Hyptis brevipes
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INTRODUCTION

Genus Spodoptera (Lepidoptera: Noctuidae) contains a worldwide
distribution forms which considered as the most destructive pests (Guerrero
et al., 2014). The larval stage of S. littoralis caused enormous damage to
many crops (Salama et al., 1970). Heavy infestation resulted in defoliation
of the attacked plants causing sever loss of crop production (Martinez and
VanEmden, 2001). There is renewed interest in using the natural pesticides
to control the harmful pests. The secondary metabolites of many medicinal
plants are found to be effective alternative to synthetic pesticides. These
metabolites are harmless to humans and non-target organisms, host specific,
preserve natural enemies and increase the biodiversity of the ecosystem. The
secondary metabolites exert their effects against insects through different
mode of action such as: antifeedant (Khosravi et al., 2010; Haouas et al.,
2010& Pavunraj et al., 2011); larvicidal (Sakr and Abo-EI-Mahasen, 2006 &
Sakr et al., 2013); repellents (Conti et al., 2011); inhibition of proteas
inhibitor (Aguirre et al., 2004), disrupt the normal growth and development
(Gatehouse et al., 1990; Weinhold and Shaker, 2011 & Sakr et al., 2013)
and others.

Insect midgut and Malpighian tubules play an important role in
insect life. The midgut of insect is responsible for the production of
enzymes and absorption of the digestive products (Lehane and Billingsly,
1996 & Vatanparast et al., 2012). Histologically, the midgut of S. littoralis
larva consists of @ simple epithelium supported by a basement membrane,

striated muscle layers. The epithelium is composed of three main cell types;
columnar, goblet and regenerative cells. The food mass is separated from
the brush border of the epithelial cells by a thin sheath, the peritrophic
membrane (PM). The muscle layers composed of bundles of inner circular
and outer longitudinal muscles (Sakr, 2007). In most insects, the PM plays
an important role in the protection of midgut cells from the invasive
pathogen and preventing the damaging of these cells by food particles
(Lehan, 1997; Terra, 2001 &Hu et al., 2012). Insect Malpighian tubules are
responsible for osmoregulation, elimination of the waste products from the
haemolymph and reabsorption of water and useful substances (Prado et al.,
1992; Beyenbach et al. 2010& Smitha and Rao, 2012). The Malpighian
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tubule consists of a single layer of epithelial cells covered internally by
striated border and externally by a basement membrane (Fermino et al.,
2010; Smitha and Rao, 2012& Pal and Kumar, 2014).

The secondary metabolites released by many plants play an
important role in reducing damage caused by herbivorous insects (Truitt et
al., 2004). Among these metabolites: alkaloids (Nuringtyas et al., 2014);
Phenolic compounds (Santana-Meridas et al., 2014); flavonoids (Sakr et al.,
2013); sesquiterpenoids (Portero et al., 2012). Hyptis brevipes (Lamiaceae)
dichloromethane extract had a desirable impact on growth and development
of S. littoralis larvae. The treated larvae with this extract had difficulty in
shedding their old cuticles and died during ecdysis. Others, showed signs of
incomplete moulting and became unable to feed normally (Sakr et al.,
2013). The medicinal plant, H. brevipes is known to produce a range of
terpinoids, flavonoids and pyrons (Deng, 2010 & Sakr et al., 2013). The
mode of action of these secondary metabolites toward S. littoralis larvae is
still unknown. The effect of H. brevipes extracts on the histological
structure of S. littoralis larvae have not been studied so far.

The current study has been carried out as part of our ongoing search of new
bioactive natural products (Sakr et al., 2013) and find out their mode of
action (Sakr and Abo- El-Mahasen, 2006; Sakr and Hassab El-Nabi, 2007&
Sakr, 2007). Therefore, the present study aimed to highlight the effect of H.
brevipes dichloromethane (CH,CL,) extract on the feeding activity and the
histological structure of the midgut and Malpighian tubules of S. littoralis
larvae. The total protein content in the midgut epithelial cells was also
evaluated-

MATERIALS AND METHODS

Source of plant extract

The Ecuadorian plant H. brevipes CH,CL, extract was Kindly
provided by Prof. Dr. / Hesham EI-Seedi, Prof. of Natural Products,
Department of Chemistry, Faculty of Science, Menoufia University,
Menoufia, Egypt.

Insect source and maintenance
A laboratory susceptible strain of the cotton leaf worm S ljttoralis

was initially obtained from Agricultural Research Center (Dokki, Giza,
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Egypt). The larvae were reared in glass jars covered with muslin tide round
the neck by rubber bands at 28 + 2°C and 65+5%R.H. These larvae were fed
exclusively on castor bean leaves (Ricinus communis) till pupation.
Emerged adults were supplied with 10% (w/v) sucrose solution (Sakr,
2007).
Antifeeding bioassay

To ascertain the antifeeding activity of H. brevipes dichloromethane
(CH,CL,) extract against the 5™ larval instar of S. littoralis, the no-choice
method was used (Simmonds et al., 1990). Spodoptera larvae were
individually deprived of food for four hour before being used in this
bioassay. H. brevipes CH,CI, extract was dissolved in acetone as a solvent.
Ten disks of castor-bean-leave (1cm?) were treated with 300 pl of CH,Cl,
extract at a concentration of 2% and 4% (w/v). Disks treated with acetone
alone used as positive control, while that treated with water was considered
as negative control. The disks were left to stand (at room temperature) to
evaporate the solvent. Each treated leaf disk was introduced to each S.
littoralis larva in a Petri dish (9cm diam.). Each Petri dish was provided
with wet filter paper to avoid drying of the leaf disk. The experiment was
terminated when the control larva consumed more than 50% of the disk, 6-9
h). The area of the leaf disks consumed by larvae was then assessed visually
by comparing the remaining leaf material with a template of the original
disk. This experiment was repeated two times. The antifeeding index was
expressed as mean +S.E and calculated using the following formula:
AFI=[C-T/C+T] X 100
C= is the mean area of food consumed by the total number of larvae in the
control group. T=area of food consumed by each larva in treated disk.
Statistical analysis

Data were analyzed for significant antifeeding effects using unpaired
t-test. The level of significant was detected at P<0.05 (Minitab release 12.1,
Minitab Inc., USA, 1998).
Application of H. brevipes extract for histological study

In order to know whether the H. brevipes dichloromethane
(CH,CL,) extract could exert an effect on the histological structure of
midgut and Malpighian tubules of S. littoralis larvae, two concentrations
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were used. Based on our previous published data (Sakr et al., 2013), 2% and
4% (w/v) of H. brevipes extract were tested against the 3 instar S. littoralis
larvae. Briefly, thirty castor bean leaf discs (2cm?) were treated with 1 ml of
each concentration of H. brevipes extract. Positive control discs were treated
with solvent (acetone) alone. For solvent evaporation, all leaves were left to
stand (at room temperature) and then offered to the tested larvae in glass jars
for three consecutive days. Thereafter, these larvae were fed on fresh
(untreated castor been leaves) leaves till pupation. Randomly selected alive
treated and control larvae (5 larvae/concentration/interval), were chosen for
the histological study after 3, 4, 6 & 7 days of treatment.
Histological study

The effect of H. brevipes CH,CL, extract on the histological
structure of both midgut and Malpighian tubules of S. littoralis larvae was
determined. In addition, the total protein content of midgut epithelium was
also evaluated. Selected treated and control larvae (as mentioned above)
were dissected and the midguts and Malpighian tubules of each group were
removed. Parts of these organs were fixed for 24h in Boun’s solution.
Following fixation, all specimens were dehydrated by ethanol, cleared in
xylol, embedded in parablast and section at 5u thick. Sections were stained
with hematoxyline and eosin (Sakr, 2007). The method of Mercury
bromophenol blue (Bonhag, 1955) was used for protein determination in the
larval midgut cells. The stained sections were mounted on glass slides in
DePeX-mounting medium under cover slips. Microscopic examination and
photographs were carried out by Olympus microscope attached with
Olympus digital camera.

RESULTS

Antifeedant activity
Dichloromethane extract of H. brevipes at concentrations of 2% and 4%
(wW/v) elicited antifeeding activity against the 5™ larval instar of S. littoralis
using castor bean leaf disks. The results from the no-choice bioassay
showed that this extract caused significant antifeedant activity, in a dose-
dependent manner (P<0.05). The feeding index (AFI) values were 58.3%
and 76.6% at concentration of 2% and 4%, respectively (Table 1).
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Table 1: Antifeedant activity of dichloromethane extract of H. brevipes
against the 5™ larval instar of S. littoralis (no-choice assay)

Concentration % *Antifeeding index (%oMean + S.E.)
2 58.3 6.3
4 76.7 5.5

*Antifeeding index (AFI) = [C-T/C+T] X 100 (Simmonds et al., 1990);
where C= is the mean area of food consumed by the total number of larvae
in the control group. T= area of food consumed by each larva in treated
disks.
Histological structure of mid gut and Malpighian tubule

Normal structure of the midgut of the 5" larval instar of S. littoralis
is illustrated in Figure (la-b). The gut consists of a simple columnar
epithelium (composed of three main cell types: columnar, goblet and
regenerative cells) supported by a basement membrane and striated muscle
layers. The muscle layers are composed of bundles of inner circular and
outer longitudinal muscles. The food mass is separated from the brush
border of the epithelial cells by a thin sheath, the peritrophic membrane
(Fig. la-b). The normal structure of Malpighian tubule of control S.
littoralis larva consists of a single layer of epithelial cells which covered
internally by striated border and externally by a basement membrane (Fig.
2).
Histological alteration of midgut and Malpighian tubule

Feeding S. littoralis larvae on castor bean H. brevipes CH,CL;
extract elicited many histological changes in the larval midgut in a dose and
time dependent pattern (Figs. 3-4). Four days of treatment with 4%, the
peritrophic membrane was detached (Fig. 3a) and the gut lumen was filled
with many apoptotic epithelial cells that have pycknotic nuclei (Fig.3b).
Extensive destruction of the midgut epithelium with cells lacking nuclei was
also observed after 4 days (Fig. 3c-d) of treatment with 4% of H. brevipes
extract. The same effect (Fig. 4) was observed after 7 days of treatment with
2% of H. brevipes extract. The effects of the extract extend to the
Malpighian tubules of S. littoralis larvae (Fig. 5a-b). Architecture
destruction of the tubules (Fig. 5a) and flattened epithelial cells (Fig. 5b)
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was observed in the larvae fed castor bean leaves treated with 4% four days
of treatment.
Effects of H. brevipes extract on protein content of the midgut cells

In control midgut of S. littoralis larvae, the protein contents
appeared as intensely bluish colouration in the midgut cells (Fig. 6). All
structures of the cells exhibited positive stain ability with varying degrees
reaching its maximum in the nucleus (Fig. 6). Oral application of 4% and
2% of H. brevipes CH,CL, extract to S. littoralis larvae exhibited an
obvious decrease in the protein content in the cytoplasm of the midgut cells
in a dose and time dependent manner (Figs. 7-8).

DISCUSSION

The present data clearly demonstrate the antifeeding activity and the
potent insecticidal action of H. brevipes CH,CL, extract toward the
histological structure of two important organs of S. littoralis larvae. The no-
choice experiment is actually a choice between eating and starvation of
insect larvae. The rejection of castor bean leaf disks treated with H. brevipes
extract by the 5™ larval instar of S. littoralis can be explained by the
presence of antifeedant compounds in this extract, the most of which is
alkaloids and flavonoids. This plant is known to produce a range of
terpinoids, flavonoids and pyrons (Deng, 2010 & Sakr et al., 2013). The

antifeeding activity observed in the present study could be in part due to the
direct damage of the epithelial tissue of the midgut (this will be discussed
below) by the active compounds persist in H. brevipes CH,CL, extract.

The present result is consistent with data reported by Raja et al. (2005);
Haouas et al. (2010); Pavunraj et al. (2011), Dowd et al. (2011) & Pavunraj
et al. (2014 a and b). The ethyl acetate extract of H. suaveolens at 1000 ppm
elicited antifeeding activity against S. litura and Helicoverpa armigera by
65.3 % and 71.0%, respectively (Raja et al., 2005). Phytochemical analysis
of the ethyl acetate extract of H. suaveolens showed the presence of
terpenoids and alkaloids (Pavunraj et al., 2014 a). Chrysanthemum segetum
methanol extract at 10000ppm, gave the highest significant antifeedant
activity by 78.5%:z+ 24.3 against the 3" instar larvae of S. littoralis (Haouas
et al., 2010). Maximum antiffedant activity was recorded in ethyl acetate
leaf extract of milkweed Pergularia daemia (Pavunraj et al., 2011). They
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reported that this extract caused antiffedant activity against H. armigera and
S. litura by 70.3% and 71.8%, respectively. This activity is attributed to the
presence of 6-(4'7-hydroxy-heptyl) quinine isolated from ethyl acetate
extract of P. daemia. This isolated compound showed 80.2% activity when
tested at 2000 ppm against H. armigera (Pavunraj et al., 2011). The activity
of saponins from different plant species was evaluated against the 1% larval
instar of H. zea and S. frugiperda (Dowd et al., 2011). They stated that
sapogenol B (isolated from soybean) appeared to have antifeedant properties
to S. frugiperda. Pavunraj et al. (2014 b) evaluated the antifeeding activity
of Spilanthes acmella dichliormethane extract against three different insect
species. They reported that 5% of this extract exhibited antifeeding activity
by 53.2%, 65.4% and 56.7% against H. armigera, S. litura and Earias
vitella, respectively (Pavunraj et al., 2014b).

The results from the current study showed that H. brevipes extract
acts through more than one mode of action toward S. littoralis. One major
route of toxicity is the direct damage of midgut and Malpighian tubules in
addition to the dramatic deceased of the protein content of the mid gut cells.
The high sensitivity of the midgut toward H. brevipes extract (as indicated
by the histological changes observed in the epithelial cell) considered this
organ as a primary target organ for toxic material. These effects are similar
to those induced by other plant extract and natural products on the midgut of
lepidopteron insects ( Sakr and Abo-Elmahasen 2006; Sakr, 2007; Adel et
al., 2010; Rawi et al. 2011; Adel and Sammour, 2012& Ghribi et al.
2012). For instance, Sakr and Abo-Elmahasen (2006) reported that the
CH,CL, extract of Artemisia monosperma at concentration of 9% caused
dramatic histological changes in the midgut cells of treated larvae. The cell
boundaries were dissolved, regenerated cells were absent and some cells
came to lie between the epithelial cells and the peritrophic membrane (Sakr
and Abo-Elmahasen, 2006). Deleterious effects such as histolysis and
cytoplasmic vacuolation with signs of pycknosis were observed in the
midgut of 3™ larval instar of S. littoralis exposed to a thin film of
Streptomyces  lavendulae  (Streptomycetaceae) culture filtrate at
concentration of 226 CFU/cm? (Sakr, 2007). In (2010) Adel et al. reported

that after treatment of S. littoralis with A. monosperma hexane extract for
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two days, the epithelial membrane was completely destroyed, the epithelial
cells were strongly vacuolated and the cell boundaries were disappeared.
Bacillus subtilis SPB1 biosurfactant caused histopathological changes in the
midgut of the treated S. littoralis which were: vesicle formation of the apical
region, cellular vacuolation and destruction of the epithelial cells and their
boundaries as well (Ghribi et al., 2012). The SPB1 biosurfactant bind to a
protein of 45 kDa (corresponding to its putative receptor) which is differing
from those recognized by Bacillus thuringiensis toxins (Ghribi et al. 2012).

The architecture destruction observed herein in the Malpighian
tubules of the treated S. littoralis larvae is in agreement with that of
Cordeiro et al. (2008); Hazelton et al. (2001) & Smitha and Rao, (2012).

The Malpghian tubules of Anticarsia gemmatalis (Noctuidae) infected with
nucleopolyhedrovirus, showed cell death due to oncosis and apoptosis.
These may be activated by depletion of energy reserves and accumulation of
marker proteins, respectively (Cordeiro et al. 2008). The Malpighian

tubules of house cricket, Acheta domesticus exposed to dibutyryl cAMP
showed cytoplasmic vacuolation after 30 sec post stimulation (Hazelton et
al. 2001). Histological changes in the Malpighian tubules of silkworm
exposed to selenium were expressed in the degeneration of the cells along
with their nuclei (Smitha and Rao, 2012). The present data also showed that
the H. brevipes CH,CL, extract caused a marked decrease in the protein
content of the larval midgut cells. This may be due to the structural damage
of the epithelial cell membrane of the treated individuals. This result is
confirmed by Sousa et al. 1(993); Sakr (2007); Khosravi et al. (2010) and
Rawi et al. (2011).

The insecticidal activities of the H. brevipes CH2CL2extract toward S.
littoralis larvae may be due to the secondary metabolites persist in this
extract. This plant is known to produce a range of terpinoids, flavonoids and
pyrons (Deng, 2010 & Sakr et al., 2013).

CONCLUSION
From data previously published by the author, H. brevipes
dichloromethane extract known to impair the normal growth and
development of S. littoralis larvae causing death to theses larvae. H.
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brevipes dichloromethane extract in the current study caused significant
antifeeding activity against the 5™ larval instar of S. littoralis in a dose-
dependent manner. The antifeedants are friendly to the environments
because they directly work on the target insects. The effect of this extract
extends to the larval midgut and Malpighian tubules epithelial cells.
Extensive destruction of the midgut epithelium and Malpighian tubule’s
architecture was observed in the larvae fed treated castor bean leave with H.
brevipes CH,CL, extract. The destruction in these organs could be
responsible for the larval death reported by Sakr et al. (2013). These effects
may be due to the alkaloids, flavonoid and pyron compounds persist in H.
brevipes extract. Therefore, the target organ for this toxic material is the
midgut and Malpighian tubules as indicated by their high sensitivity toward
H. brevipes extract. Thus, H. brevipes CH,CL, extract could be
incorporated effectively as a bio-insecticide in the control program for S.
littoralis.
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Fig.1a-b:
Transverse section
of the midgut of
untreated (control)
S. littoralis 5winstar
larva, stained with
H/E. Scale bar =
25um. bb=brush
border, c=
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columner cell, cm=
circular muscles,
gc= goblet cell, L=
lumen, Im=
longitudinal
muscles, gc= goblet
cell, P=peritrophic
membrane, rc=
regenerative cell.

Fig.2: Transverse
section of the
Malpighian tubules
of untreated
(control) S. littoralis
Sthinstar larva,
stained with H/E.
Scale bar =25um.
bb=brush border,
E= epithelial cell, L=
lumen.
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