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The effect of Withania somnifera a medicinal plant seed extract was tested against lesser
mulberry pyralid, a potential pest of mulberry. The mulberry leaves were used for silk
production in rural areas of northern Iran. The extract was administered orally by leaf
dipping method in two lower (5%W/V) and higher (15%W/V) dosages to third instar
larvae (<24 h) for biological assays and to fifth instar larvae (<24 h) for Physiological
studies. The results showed formation of larvoids (Ls), larval-pupal intermediates (LPIs),
pupoids (Ps) and pupal-adult intermediates (PAIs). The results showed increased larval
duration by 1.7 and 2 folds in 5 and 15% treatment, respectively. Fecundity of
resultant adults was decreased by 1.2 and 1.3 in 5 and 15% treatment, respectively.
Except approximate digestibility (AD) and consumption index (CI) all other feeding
indices showed reduction. The feeding deterrence was prominent at 15% (87%)
and 5% showing 48% deterrence. Our enzymatic and non-enzymatic assessments
upon treatment showed reduction in key components, except detoxifying enzymes.
However, the activity of an important enzyme involved in cuticle hardening and immunity
called phenoloxidase was reduced. We also investigated the histology of midgut for
further analysis and found drastic changes in main cellular elements. Immunological
changes following treatment was noticeable in reduced Total Hemocyte Count but
surprisingly increased Differential Hemocyte Count. However, the hemocytes structure
was extremely damaged. The reduced number of eggs in treated but survived adults
indicated reduced ovaries, with vacuolization both in trophocytes and oocytes. The
key chemical compounds showed reductions particularly at 15%. The present results
are concomitant with few earlier studies on this medicinal plant and deserve further
studies particularly in deriving key chemicals that alter metamorphosis similar to insect
growth regulators.

Keywords: panirbad, larval-pupal intermediates, detoxfying enzymes, hemocytes, midgut histology, ovarial
malfunction
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INTRODUCTION

The chemical plant protection agent usage has turned into an
environmental disaster reverting the biological sustainability and
ecological order. Thus, chemical pesticides are considered a
threat to useful fauna, contaminates agricultural products and
human health (Nicolopoulou-Stamati et al., 2016; Carvalho,
2017). That is why scientists, particularity environmentalists are
in favor of non-chemical methods, that are safer for human,
animals and the whole environment (Liao et al., 2017; Kunbhar
et al., 2018). The chemical pesticides need to be substituted
by natural ones, and in this context plants could play a major
role (Isman, 2000; Govindarajan et al., 2016). Plant extracts and
essential oils have a wide range of actions including repellents,
attractants, anti-feedants, being toxic to larvae and eggs or
retard insect growth by disrupting hormonal balance (Sarwar and
Salman, 2015; El-Sheikh et al., 2016; Silva et al., 2018).

Winter cherry, W. somnifera L (Solanales: Solanaceae) is a
local plant to east Mediterranean and south Asia (Parwar and
Tarafdar, 2006) and has been used in traditional medicine
(Bhattacharya et al., 2001). In Iran, this plant is better
known locally as Panirbaad, grown only in Sistan and
Baluchistan province, Khash (28◦13′16′′N 61◦12′57′′E) and
Saravan (27◦22′15′′N 62◦20′03′′E) cities (Keykha et al., 2017).
Antioxidant, anti-tumor, anti-inflammatory, anti-depressant,
anti-anxiety, controlling blood sugar and this also effective on
neural transmitters (Alam et al., 2012). Roghani et al. (2006)
reported that this plant is useful for Parkinson disease. The major
constituents that provide the winter cherry with the privilege
in disease treatments, include withanine, withasomnine,
somniferine, withaferins, withanolides, stigmasterol, and
sitoinosides (Dar et al., 2015). Among the withanolides in this
plant, withaferins A causes its inhibitory effect on cells and
tumors is of great value in the pharmaceutical industry (Rai
et al., 2016). Maheswari et al. (2020). Reported that Titanium
dioxide (TiO2) nanoparticles modified with W. somnifera and
Eclipta prostrate root extract had more anti-cancer activity than
other biologically modified samples. Studies have shown that the
W. somnifera seed contains fatty acids such as linoleic acid, oleic
acid, palmitic acids, stearic acid, 11,14,17-eicosatrienoic acid, and
nervonic acid, which can have a significant effect on the treatment
of psoriasis-like skin etiologies (Balkrishna et al., 2020).

Glyphodes pyloalis Walker (Lep: Pyralidae) feed only on
mulberry and it causes severe damage to the foliage. The larvae
of this pest upon rolling the leaves eat the parenchyma, leaving
only the veins. The insects in addition to direct loss are also
responsible for indirect loss through transmission of viruses that
are pathogenic to silk worm (Watanabe et al., 1988; Matsuyama
et al., 1991). The winter cherry uses the withanoloid in the
seeds as an anti-feeding and repellent against insects (Glotter,
1991). In addition psoralen and isopsoralen present in this
seed plant act as anti-feedant and insecticide (Panwar et al.,
2009). Various concentrations of winter cherry extract have
resulted into mortality of adult rice weevil (Suvanthini et al.,
2012). The growth inhibitory of seeds and roots of this plant
has been reported on certain polyphagous pests, leading to
inhibition of pupal and adult formation that effects of seeds

were more severe than the roots of W. somnifera (Gaur and
Kumar, 2017). The same authors also reported increased larval,
pupal and adult duration after incorporation of root extract.
Morphological and various growth disorders have been recorded
in Spodoptra litura Fab (Lep: Noctuidae) (Gaur and Kumar,
2019).The prepupal treatment by root and seed extracts on
S. litura and Peicalliaa ricini Fab (Lep: Arcttidae) showed that the
seed extract exhibited mortality but not the root extract (Gaur
and Kumar, 2020). Winter cherry extracts (aqueous suspension,
ether and water) of roots, stems, leaves and fruits have been used
against Callosobruchus chinensis L (Coleoptera: Chrysomelidae)
adults where a 63.33% mortality have been observed using 10%
ether extracts of its roots (Gupta and Srivastava, 2008). There
have been certain work on mulberry pyralid using plant essential
oils or extracts. The notable works which were investigated in our
laboratory are as follows; the extract of medicinal plant known
as sweet wormwood has shown deterrence, growth inhibition
and affecting digestion. The energy reserves were also reduced
compared to the control (Khosravi et al., 2011). Similarly,
treatment of G. pyloalis larvae by a commercial product of neem
(CIR-23, 925/96, 0.03% azadirachtin, India) showed significant
anti-feedant activity, reduced nutritional indices. The effect was
also profound in digestive enzymatic and energy reserves of this
pest (Khosravi and Jalali Sendi, 2013). The mortality and the
sublethal effect of Thymus vulgaris L. and Origanum vulgare
L. essential on G. pyloalis Walker has been reported with the
effects on some important enzymes (Yazdani et al., 2014). Similar
activities were also found after treatment of G. pyloalis larvae with
lavander essential oil (Yazdani et al., 2013). In order to have an
understanding of insect behavior and physiology in response to
their respective hosts, a basic knowledge of insect feeding indices
are a prerequisite (Najar-Rodriguez et al., 2010).

Plants produce a set of chemicals based on their needs; those
of nutritional values and the second group is the chemicals that
are considered as secondary metabolites meant for the purpose
of defense against invaders (War et al., 2013). During the course
of evolution, plants have adopted themselves with chemicals
they produce (Kabir et al., 2013; Isman and Grieneisen, 2014;
Rajapakse et al., 2016). As far as insect herbivory is concerned,
the plant may act as anti-feedants, repellents, toxicants, growth
regulators and may even alter their immunological strategies
(Murillo et al., 2014; Selin-Rani et al., 2016). There are several
reports on anti-feedants by plant products against insects (Ragesh
et al., 2016; Ali et al., 2017; De Santana Souza et al., 2018; Fite
et al., 2018; Kaur et al., 2019). Plant products also act as repellents
(Abtew et al., 2015; Camara et al., 2015; Nasr et al., 2015;
Niroumand et al., 2016) growth regulatory such as malformed
larvae, pupae and adult (Gnanamani and Dhanasekaran, 2013;
Jeyasankar et al., 2014; Vasantha-Srinivasan et al., 2016).

Insects defend themselves by two methods against foreign
bodies, a general method (i.e., cuticle and chemicals involve
in defending insects) and the second one involving cellular
and humeral responses (Beckage, 2011; Dubovskiy et al., 2016;
Rahimi et al., 2019). The plant products are capable of indulging
in both of them and thus weakening the insects and make them
susceptible to various diseases and parasites (Veyrat et al., 2016;
Gasmi et al., 2019).
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There has been rapid growth in botanicals research in the past
20 years, however commercialization of new botanical are lagging
behind. The pyrethrum and neem (azadirachtin) are still the
standard class botanical pesticides that are in use in many regions
of the world. Botanical products may have the greatest impact in
developing countries especially tropical regions where the results
of available and chemical insecticides use expensive and are a
treat to consumers (Isman, 2019). Therefore, the research for
safer and cheaper methods of control via available resource with
minimal side effects is most welcome in developing countries.

MATERIALS AND METHODS

Insect Culture
The mulberry pyralid larval stages were handpicked the mulberry
plantations in Rasht district (37◦17′ N, 49◦35′ E) northern
Iran. The larvae were reared on tender mulberry leaves (shin
ichinoise variety) in a rearing chamber (set at 24 ± 1◦C,
75 ± 5% relative humidity and 16:8 light:dark) in clear plastic
jars (18 × 15 × 7 cm) with muslin cloth devised on the lid for
aeration. The paired adults were released in pairing boxes. In
order to feed the adults, a piece of cotton saturated with 10%
honey solution was provided and for adults to lay eggs, mulberry
leaf was provided. The leaves and the cotton wool soaked honey
solution were changed daily.

Methanolic Extraction of W. somnifera
Seeds
Fresh fruits of winter cherry were procured from Saravan district
(27◦22′15′′N 62◦20′03′′E) Sistan and Baluchistan province south
east of Iran. The seeds were dried at room temperature initially
and then in the oven at 50◦C for 48 h. They were grounded by an
electric grinder. Dried seed powder of winter cherry (30 g) was
added to 300 ml of methanol 85% (Merck, Germany) and then
stirred for 1 h on a stirrer. The resultant solution was transferred
to 4◦C for 48 h and then stirred for additional hour. Then solution
was filtered through Whatman filter paper (No.4) and rotary
evaporated and a black residue yielded. The residue was dissolved
in 10 ml methanol and used as stock (Warthen et al., 1984).
Dilutions were made with distilled water using 0.1% Triton X-100
(Darmstadt Germany).

Development
Based on pretrial, two concentrations (i.e., 5 and 15%) were
chosen and then used for bioassays. Circular leaf discs (6 cm in
width) were drenched in related concentrations for 10 s. Control
received methanol treated leaf discs in the same manner. For each
treatment and control third instar larvae <24 h were used. This
test was performed in 3 replications and each replication with 10
larvae. They were let to feed on treated food for 24 h after that,
fresh leaves were provided to them. The insects were maintained
at 25 ± 2◦C, 65 ± 5% RH, and 14:10 light: dark in an incubator.
The duration of various stages was monitored and recorded until
all control adults died. The number of eggs from treated and
control emerged adults were counted daily.

Nutrition
To study nutritional values for treated and control insects the
method of Waldbauer (1968) were adopted. For this purpose
<24 h fifth instar larvae were maintained on treated and
control diets for 3 days. The formulae were used; Approximate
digestibility (AD) = 100 (E–F)/F, Efficiency of conversion of
ingested food (ECI) = 100P/E, Efficiency of digested food
(ECD) = 100 P/ (E–F), Consumption index (CI) = E/TA and
Relative growth rate (RGR) = P/TA. A is the average of dry weight
of larvae during the experiment, E is the dry weight of consumed
food, F is the dry weight of produced feces, P the dry weight of the
biomass of larvae and T is the duration of the experiment (4 days).

Anti-feedant Bioassay
This method was adopted from Isman et al. (1990). In this
method which was based on choice tests, The 10 fifth instar larvae
were fed for 24 h on leaf disks control and treated. After the end
of experiment the leaf discs were removed and were analyzed by
device (leaf-area-meter A3 Light box UK). The feeding deterrence
index was calculated with the formula as follows: FDI = (C-
T)/(C+T)× 100. Here, C is the amount of leaf eaten in untreated
(control) leaves and T is the amount of leaf eaten by of insects on
treated leaves (Isman et al., 1990).

Biochemical Assays
In order to estimate the amount of energy reserves like
triglyceride, protein and glycogen, the whole body of treated fifth
instar larvae and controls were first homogenized in an eppendorf
vial with the help of a hand homogenizer in universal buffer (i.e.,
50 mM sodium phosphate-borate at pH 7.1) and the supernatant
was freezed at -20◦C until use. The procedure of Lowry et al.
(1951) was implemented to measure the total protein. To 100
µL of which reagent, 20 µL of supernatant was added, and then
the incubation was done for 30 min at 25◦C. The absorbance was
recorded at 545 nm.

The amount of triglyceride was measured using the assay kit
of Pars Azmoon, Tehran, Iran. The solution included a buffer
(50 mM, pH 7.2), the chlorophenol (C6H5ClO 4 mM), 2 mM
adenosine triphosphate (C10H16N5O13P3), 15 mM Mg2+, 0.4
kU/l glycerokinase, 2 kU/l peroxidase, 2 kU/l lipoprotein lipase,
0.5 mM 4-aminoantipyrine, and 0.5 kU/L glycerol-3-phosphate-
oxidase. Ten microliter of the sample was incubated with 10 µL
of distilled water and 70 µL of reagent for 20 min at 25◦C. The
formulae see below was used to estimate triglyceride amount:

mg/dL = optical density of the sample/optical density of
standard× 0.01126.

The reading was done at 545 nm (Fossati and Prencipe, 1982)
in an ELISA reader (Awareness, United States). For measuring
the glycogen, the entire larvae were drenched into 1 mL of 30%
KOH. The sample tubes covered with aluminum foil and boiled
for 30 min. The tubes were first vortexed and then placed on
ice cubes. A 2 mL 95% ethanol was used in order to separate
the glycogen from the solution. Samples were vortexed again and
left on ice bag for 30 min. The centrifugation was performed at
13,000 g for 30 min. The pellets of glycogen thus formed were
collected and mixed in distilled water (1 mL) and then vortexed.
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Samples of standard for glycogen were prepared in ascending
order (0, 25, 50, 75, and 100 mg/mL) and then mixed with phenol
(5%). The samples were incubated on ice bath for 30 min. Finally,
the absorbance was read at 490 nm (Chun and Yin, 1998).

The activity of α-amylase was estimated based on the method
of Bernfeld (1955). The starch (1%) was used as substrate. The
enzyme (10 µL) was incubated with Tris-HCl buffer (50 µL
of 20mM at pH 7.1) and 20 µL of starch (1%) at 30◦C for
30 min. After addition of 100 µL Dinitrosalicylic acid (DNS) it
was heated in water tab set at boiling point for 1 minute and
then read at 540 nm.

The method of Garcia-Carreno and Haard (1993) was used
for determination of general proteases using 1% azocasein as
a substrate for their activity. For this purpose, supernatant (10
µL) and buffer (15 µL) and 50 µL of substrate were incubated
for 3 h at 37◦C in an oven. In order to stop the reaction 150
µL of 10% trichloroacetic acid was added. The blanks were
prepared by addition of trichloroacetic acid to the substrate.
The liquids were then kept in a refrigerator (4◦C) for 30 min,
and then centrifugation was done at 13,000 g. Later, mixture of
supernatant and NaOH, 100 µL each were transferred to ELISA
plates and read at 440 nm.

The activity of lipase enzyme was measured according to the
method of Tsujita et al. (1989). Using 18 µL of the substrate
p-nitrophenyl butyrate (50 mM) and then mixing it with midgut
extract (10 µL) to which 172 µL of universal buffer solution
(1 M) (pH 7) was included and then incubated at 37◦C
and read at 405 nm.

For estimation of α-glucosidase and β-glucosidase the
method used by Silva and Terra (1995) was followed where
15 µL of the enzyme solution was incubated with 30 µL
of p-nitrophenyl-α- glucopyranoside (5mM) a substrate for
α-glucosidaseand p-nitrophenyl-β-glucopyranoside (5mM) as
substrate for β-glucosidase, respectively. Then, to each of the
solutions 50 µL of universal buffer (50 mM sodium phosphate-
borate pH 7.1) added and allowed to react for 10 min at 37◦C.
Followed by observation at 405 nm.

The general esterases activity followed the methods of Van-
Asperen (1962). One whole gut was first homogenized in
1000 µL of 0.1 mM phosphate buffer (pH 7) which included
Triton x-100 (0.01%), and solution was centrifuged at 10,000 g
for 10 min at 4◦C. The microtubes were replaced with new
microtubes phosphate buffer was added to each and observation
was done at 630 nm.

In order to determine glutathione s- transferase (GST)
activity, the procedure of Habing et al. (1974) was incorporated
using 1-chloro-2, 4-dinitrobenzene (CDNB) (20 mM) as the
substrate. The homogenized larva with 20 µL distilled water was
centrifuged at 12,500 g for 10 min at 4◦C. Fifteen microliter of
supernatant and 135 µL phosphate buffer (pH 7) with 50 µL of
CDNB were mixed with 100 µL of GST. Change of absorbance at
340 nm was recorded for 1 min in 9 s intervals at 27◦C.

Phenoloxidase Activity Assay
For measuring phenoloxidase activity, hemolymph and ice-cold
sterile phosphate buffer saline (PBS) was used in a ratio of 10–
90 µL, respectively. The L-DOPA (3, 4- dihydroxyphenylalanine)

(10 mM, Sigma-Aldrich Co., United States) was used as the
substrate for assaying this enzyme following the procedure of
Catalán et al. (2012), with some modifications. Centrifugation of
the samples was performed at 5,000 g (4◦C and 5 min). Then
50 µL of solution was mixed with 150 µL of the amino acid
L-DOPA. The activity was calculated by division of absorbance
with the amount of protein in hemolymph. However, the protein
content was measured following the method of Lowry et al.
(1951). The specific activity of phenoloxidase was recorded at
490 nm during the reaction.

Histology of Larval Midgut and Adult
Ovary
The digestive system of G. pyloalis fifth instar larvae after being
fed on treated leaves from third instar onwards were dissected
out under a stereomicroscope (Olympus Japan) in isotonic ringer
saline. The dissected digestive system were immediately fixed in
Buin’s fluid for 24 h. Then washed first in tap water and then
distilled water. They were processed for dehydration in ethanol
grades (30, 50, 70, 90% and then absolute), and the paraffin was
used for embedding. The sections were cut at 5 µm thickness
by a rotary microtome (Model 2030; Leica, Germany). Routine
staining by hematoxylin and eosin (Merck) was used. Photos in
control vs. treatments were taken whenever necessary under a
light microscope (M1000 light microscope; Leica) equipped with
an EOS 600D digital camera (Canon, Japan). The ovary of 2 days
old adults were dissected in the similar way and processed as
described for gut. However, the sections were cut longitudinally.

Total and Differential Hemocyte Count
(THC and DHC)
After 48 h, the hemolymph of fifth instar larvae (in two
concentrations used and controls) were collected from the first
abdominal pro leg. For THC a Neubauer hemocytometer (HBG,
Germany) was used. For this purpose, the larval hemolymph (10
µL) was mixed with 290 µL of anti-coagulant solution (0.017 M
EDTA, 0.041 M Citric acid, 0.098 M NaOH, 0.186 M NaCl, pH
4.5) (Amaral et al., 2010). The DHC was counted by immersing
the larvae in a hot distilled water (60◦C) for 5 min, after drying
with blotting paper, the first abdominal pro leg was excised and
a drop of hemolymph was released on to a clean slide and
a smear was made using another slide. The air-dried smears
were stained with 1:10 diluted stock Giemsa (Merck, Germany)
for 14 min, then were washed in distilled water. The smears
were dipped for 5 s in saturated lithium carbonate (LiCO3) for
differentiation of cytoplasm and nucleus and then washed again
in distilled water for a few minutes. They were dried at room
temperature and then permanent slide was prepared in Canada
balsam (Merck, Germany). The cells were identified based on
the morphological characteristics observed under a microscope
(Leica light-microscope) (Rosenberger and Jones, 1960). Two
hundred cells were randomly counted from four corners and a
central part of each slide (Wu et al., 2016). Totally, 800 cells
of four larvae were counted and the percentage of each cell
type was estimated. The number of cells in controls was also
simultaneously recorded.
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Phase Contrast Microscopy
The hemolymph was collected from each incised larval proleg
and was immediately mixed with anti-coagulant (0.186 M NaCl,
0.098 M NaOH, 0.041 M citric acid, and 0.017 M EDTA, pH
4.5). Five microliter of the solution was placed over a glass slide
making a thin film using cover glass. The various hemocytes were
identified by phase contrast microscopy, and photos were taken
using in built camera microscope.

Statistical Analysis
All the data in relation to larva, pupal and adult duration were
analyzed by one-way ANOVA (SAS Institute, 1997). Similarly,
the data collected from non-enzymatic and enzymatic assays were
also analyzed in the same way. All the means were separated using
Tukey’s multiple comparison test (p < 0.05).

RESULTS

Effect of Methanolic W. somnifera
Extract on Larval-Pupal-Adult and
Fecundity of G. pyloalis
Feeding 3rd instar larvae with treated leaves of W. somnifera
extract resulted in various deformities and lengthening durations
(Table 1). As it is depicted in the 5 and 15% extracts significantly
prolonged larval duration (17.99 ± 0.74 and 21.93 ± 1.23
days) compared to control (11.26 ± 0.38 days), respectively.
Prepupal duration was only significant at 15% extract compared
to 5% and the control (F = 3.70; df = 2, 44; p = 0.03).
In case of pupae, the longest duration was observed at 15%
compared to 5% and control (F = 15.67; df = 2, 44; p = 0.0001).
Adult duration was longest in control male and female and
being shortest with 15% treatment (F = 8.71; df = 2, 14;
p = 0.0046) and (F = 26.60; df = 2, 14; p = 0.0001),
respectively. The 5% treatment shortened only adult female
longevity compared to control. Fecundity was highest in

control and lowest at 5 and 15% (F = 228.69; df = 2, 14;
P = 0.0001).

Nutrition
The nutritional indices including AD, ECD, ECI, RGR, and CI
and FDI were calculated both in control and treatments (Table 2).
The highest AD was observed at 15% treatment (F = 6.95; df = 2,
8; p = 0.02) and the lowest in control (56.97 ± 10.46). The
highest ECD and ECI belonged to controls 9.12 ± 5.29% and
8.99 ± 1.05% (F = 7.52; df = 2, 8; p = 0.02 and (F = 11.99;
df = 2, 8; p = 0.008). Negative index was recorded for ECD and
ECI at 5 and 15% treatment -4.90 ± 1.65% and -7.84 ± 1.42%
and -20 ± 8.37% and -198.41 ± 55.5% (F = 7.52; df = 2, 8;
p = 0.02) and (F = 11.99; df = 2, 8; p = 0.008), respectively.
Our results demonstrated the highest CI value at 5% and lowest
at 15% and control (F = 0.49; df = 2, 8; p = 0.6348). Relative
growth rate (RGR) was significantly decreased at 15% treatment
(F = 30.74; df = 2, 8; p = 0.0007). The feeding deterrence index
of W. somnifera seed extract was calculated for 24 h. As it is
shown in Table 2, the increase in concentrations caused increase
in percent deterrence. The highest concentration 15% used the
deterrence was recorded 87.7 ± 0.98 (F = 63.65; df = 2, 8;
p = 0.0001).

Enzymatic Assay
The results demonstrated that, treatment of larvae with
W. somnifera seed extract caused a significant decrease in
α-amylase activity after 48 h (F = 49.44; df = 2, 8; P = 0.0002).
Similarly, the activity of α- and β-glycosidase was reduced
significantly with 15% treatment after 48 and 72 h (0.046± 0.0026
and 0.029 ± 0.0052, respectively). At 5% treatment there was
no change after 48 h but a reduction was followed 72 h later
(0.061 ± 0.0102 and 0.066 ± 0.0053). The activity of lipase was
also inhibited by 5 and 15% about 1.5 and 7 fold, respectively.
The same trend was also followed in general proteases (Table 3).

TABLE 1 | Effect of Withania somnifera methanolic extract on Glyphodes pyloalis developmental stages.

Treatments Larval duration (days) Prepupa (days) Pupa (days) Longevity (♂) Longevity (♀) Fecundity (No.)

3rd instar 4th instar 5th instar Total

Control 2.40 ± 0.13b 3.33 ± 0.12c 5.53 ± 0.13c 11.26 ± 0.38c 2.33 ± 0.12b 8.20 ± 0.17c 3.40 ± 0.24a 4.6 ± 0.24a 101 ± 2.25a

T5* 4.66 ± 0.12a 5.33 ± 0.43b 8 ± 0.19b 17.99 ± 0.74b 2.6 ± 0.13ab 9.40 ± 0.32b 2.40 ± 0.4ab 2.8 ± 0.2b 50.6 ± 1.72b

T15 5.20 ± 0.2a 7.13 ± 0.52a 9.60 ± 0.51a 21.93 ± 1.23a 2.8 ± 0.10a 10.86 ± 0.45a 1.06 ± 0.24b 2 ± 0.31c 32.1 ± 2.93c

*T5 = 5% and T15 = 15%. Means in a column followed by the same letters are not significantly different (p < 0.05 Tukey’s test).

TABLE 2 | Nutritional indices in fifth-instar larvae of Glyphodes pyloalis feeding on two concentrations of Wihania somnifera.

Treatment AD (%) ECD (%) ECI (%) RGR (mg/mg day−1) CI (mg/mg day−1) (FDI) (%)

Control 56.97 ± 10.46b 9.12 ± 5.29a 8.99 ± 1.05a 0.10 ± 0.01a 2.95 ± 0.53a 0c

T5* 76.67 ± 7.04ab -4.90 ± 1.65ab -20 ± 8.37a -0.13 ± 0.04b 3.67 ± 0.86a 48.13 ± 6.58b

T15 95.59 ± 1.34a -7.84 ± 1.42b -198.41 ± 55.55b -0.2 ± 1.96b 2.83 ± 0.46a 87.7 ± 0.98a

∗T5 = 5% and T15 = 15% Means with the same lowercase letters in a column are not significantly different at P < 0.05 (Tukey’s test). AD, approximate digestibility; ECI,
efficiency of conversion of ingested food; ECD, efficiency of conversion of digested food; CI, consumption index; RGR, relative growth rate; FDI, feeding deterrence index.
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TABLE 3 | Digestive enzyme activities in fifth instar larvae of Glyphodes pyloalis after treatment with two concentrations of Withania somnifera extract.

Digestive enzymes Time* Control T5† T15†† F P df

α-amylase (U/mg
protein)

48; 72 0.157 ± 0.0047a;
0.189 ± 0.0040a

0.113 ± 0.0082b;
0.135 ± 0.0074b

0.076 ± 0.0029c;
0.118 ± 0.0026b

49.44; 52.63 0.0002; 0.0002 2, 8; 2, 8

α-glucosidase (U/mg
protein)

48; 72 0.070 ± 0.0058a;
0.080 ± 0.0047a

0.033 ± 0.0059b;
0.058 ± 0.0038b

0.046 ± 0.0026b;
0.029 ± 0.0052c

13.95; 30.30 0.0055; 0.0007 2, 8; 2, 8

β-glucosidase (U/mg
protein)

48; 72 0.063 ± 0.0072a;
0.085 ± 0.0037a

0.061 ± 0.0102a;
0.066 ± 0.0053ab

0.037 ± 0.0057a;
0.050 ± 0.0079b

3.17; 8.70 0.1152; 0.0168 2, 8; 2, 8

Lipase (U/mg protein) 48; 72 0.322 ± 0.0099a;
0.425 ± 0.0303a

0.368 ± 0.0135a;
0.335 ± 0.0201ab

0.297 ± 0.0507b;
0.066 ± 0.0382b

1.34; 12.55 0.3307; 0.0072 2, 8; 2, 8

Protease (U/mg protein) 48; 72 0.065 ± 0.0057a;
0.090 ± 0.0093a

0.035 ± 0.0029b;
0.031 ± 0.0027b

0.021 ± 0.0059b;
0.004 ± 0.0016c

19.24; 59.13 0.0025; 0.0001 2, 8; 2, 8

*48 and 72 h after treatments †,†† 5 and 15% treatments, respectively. Means (±SE) followed by the same letters in a row indicate no significant difference (P < 0.05)
according to the Tukey’s multiple comparison test.

TABLE 4 | Detoxifying enzyme activities in fifth instar larvae of Glyphodes pyloalis after treatment with Withania somnifera methanolic extract.

Detoxifying enzymes Time* Control T5† T15†† F P df

Glutathione
S-transferase; (U/mg
protein)

48; 72 0.020 ± 0.0033b;
0.025 ± 0.0030c

0.087 ± 0.010a;
0.127 ± 0.0086b

0.110 ± 0.0060a;
0.164 ± 0.0063a

43.27; 125.21 0.0003; 0.0001 2, 8; 2, 8

α-naphtyl acetate;
(U/mg protein)

48; 72 0.041 ± 0.0039c;
0.124 ± 0.0076b

0.081 ± 0.0040b;
0.126 ± 0.0024b

0.127 ± 0.010a;
0.170 ± 0.0069a

38.7; 17.88 0.0004; 0.003 2, 8; 2, 8

β-naphtyl acetate;
(U/mg protein)

48; 72 0.048 ± 0.0037a;
0.072 ± 0.0056b

0.060 ± 0.0057a;
0.104 ± 0.0039a

0.062 ± 0.0062a;
0.125 ± 0.0074a

2.05; 20.73 0.2096; 0.002 2, 8; 2, 8

Phenoloxidase; (U/mg
protein)

48; 72 0.380 ± 0.0109a;
0.466 ± 0.0096a

0.259 ± 0.0070b;
0.139 ± 0.0069b

0.234 ± 0.0105b;
0.118 ± 0.0080c

69.52; 574.25 0.0001; 0.0001 2, 8; 2, 8

*48 and 72 h after treatments †,†† 5 and 15% treatments, respectively. Means (±SE) followed by the same letters in a row indicate no significant difference (P < 0.05)
according to the according to the Tukey’s multiple comparison test.

Detoxifying Enzymes
The detoxifying enzymes including glutathione-S-transferase,
α-naphtyl acetate and β-naphtyl acetate substrates were analyzed
after treatment with 5 and 15% concentrations of W. somnifera
seed extract which are depicted in Table 4. The overall results
showed increase in these parameters (Table 4). However, the
phenoloxidae activity decreased at 5 and 15% treatment after 24
and 48 h (Table 4).

Energy Reserves
The amount of energy reserves like (protein, triglyceride) were
decreased significantly in both concentrations after 48 and 72 h.
While at 5% concentration the amount of glycogen decreased 1.5-
fold and that of triglyceride 1.8-fold (Table 5).

Histology
Midgut
The principal midgut cells in control is intact with large columnar
cells and a prominent nucleus. The other prominent cells
of midgut include goblet cells and regenerative cells. All the
muscle layers are intact including longitudinal and circular ones.
Peritrophic membrane and brush borders are also significantly
clear (Figures 1a,b). In treatment 5% no clear differences between
cells were observed and the midgut epithelium seemed to
protrude inside gut epithelium giving it a dislodging surface.
Nucleus were extruded from rupturing cells and densely stained

in comparison to controls (Figures 1c,d). While in the treatment
15% a rupture of the cell membrane and some signs of necrosis in
both nuclei and cytoplasm of the epithelial cells were observed.
Large vacuoles were present in the epithelial layer of treated
larvae. The principal cells were seen separating from their
basement membrane. The overcrowding in the cellular structure
making them not to be recognized into their counter parts in
controls (Figures 1e,f).

Immunological Effect
Total Hemocyte Count (THC)
Effects of W. somnifera extract on total hemocyte count (THC)
are shown in Figure 2. As depicted in Figure 2, the lowest THC
are observed at 15% treatment after 24 h (F = 45.10, df = 2, 11; p
< 0.0001). A significant decrease in THC was detected after 48 h
(F = 21.57, df = 2, 11, p < 0.0004). However, no changes were
observed at 5 and 15% treatment after 24 h.

DHC
The main cells after staining with Gimsa and phase contrast
microscopy depicted 5 cells types so called Prohemocyte (Pr),
Plasmotocyte (Pl), Granulocyte (Gr), Spherulocytes (Sph), and
Oenocytoid (Oe) and a subtype of Plasmatocyte so called as
Vermicytes. Treatment with 5% and 15% W. somnifera extract
brought about changes in the number of PLs and GRs which
are the main immunity involved cells (Figure 3). After 24 h
of treatment with 5 and 15% of the extract the number of
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TABLE 5 | Energy reserves of fifth instar Glyphodes pyloalis larvae after treatment with methanolic extract of Withania somnifera.

Macromolecules Time* Control T5† T15†† F P df

Total protein (mg/dl) 48; 72 1.142 ± 0.0186a;
1.116 ± 0.0277a

1.065 ± 0.0198b;
0.980 ± 0.0216b

0.998 ± 0.0129b;
0.801 ± 0.0332c

17.28; 31.83 0.0032; 0.0006 2, 8; 2, 8

Glycogen (mg/dl) 48; 72 0.035 ± 0.0007a;
0.031 ± 0.0014a

0.029 ± 0.0006b;
0.028 ± 0.0004a

0.025 ± 0.0006c;
0.019 ± 0.0017b

52.13; 21 0.0002; 0.002 2, 8; 2, 8

Triglyceride (mg/dl) 48; 72 0.0131 ± 0.0003a;
0.0130 ± 0.0002a

0.0120 ± 0.0002ab;
0.0128 ± 0.0003a

0.0114 ± 0.0002;
0.0113 ± 0.0003b

9.87; 10.53 0.012; 0.0109 2, 8; 2, 8

*48 and 72 h after treatments †, ††5 and 15% treatments, respectively. Means (±SE) followed by the same letters in a row indicate no significant difference (P < 0.05)
according to the Tukey’s multiple comparison test.

FIGURE 1 | Effect of Withania sotnnifera seed extract on midgut histology of
Glyphodes pyloalis. The midgut transverse section stained with hemotoxylin
and eosin showing intact epithelial cells and pronounced goblet cells,
regenerative cells, brush border and peritrophic membrane in controls (a,b).
The same in 5% treated larvae showing degenerative epithelium projecting
into gut lumen (double arrow head) with the nucleus being extruded and
highly stained (Double stars) (c,d). (e,f) is depicting the same at 15%
treatment with plenty of vacuolizations (*) separation of principal cells from
basement membrane (Arrow head) and overcrowding of cells not recognizable
into its respective names (Arrow). RC, Reganarative cell; GC, Goblet cell; LM,
Longitudinal muscle; CM, Circular muscle; GL, Gut lumen; BB, Brush border;
PM, Peritrophic membrane; F, Food.

Pls increased significantly (F = 44.68; df = 2, 8; P < 0.0002).
However, after 48 h there was no changes between control
and 5% treatment. But in the 15% treatment the PLs number
increased (F = 54.04; df = 2, 8; P < 0.0001). The number of GRs
after treatment with 5 and 15% were increased after 24 h. The
increase was significant in both the treatments compared with the
controls, but no differences between the treatments (F = 153.80;
df = 2, 8; P < 0.0001). The increase in the number GRs after
48 h was highly significant in the higher dosage used compared

to control and the other treatment and 5% treatment was also
significantly higher than the control but lower that 15% treatment
(F = 212.89; df = 2, 8; P < 0.0001).

Morphology of Hemocytes
As it can be observed in Figures 4–8 drastic changes were
seen in the morphology of studied hemocytes after treatment
of 5th instar larvae with W. somnifera methanolic extract. The
pleomorphic PLs in control were largely Vermicytes both in
phase contrast Microcopy and Giemsa stained with typical long
cytoplasmic extensions and a prominent nucleus (Figures 4a,b).
However, in treatments, the changes seen are as follows; the cells
showed lots of extrusions giving it an irregular shape and making
it unidentifiable (5% treatment Figure 4c) showing vocalizations
not normally observed in untreated cells (Figure 4d). The
changes seen by 15% treatment are notable in the loss of
cytoplasmic extensions, vacuolization and gradual degeneration
(Figures 4e,f). The Gr in control were typically filled with plenty
of granules and a prominent central nucleus (Figures 5a,b).
However, in treatments the cells were degranulated and with
lots of extruding materials giving the cells form of bulging
appearances in both the treatments (Figures 5c–f). The normal
Spherulocytes appear circular with a small but prominent
nucleus and plenty of regular spherules (Figures 6a,b). After
treatment the cells lost their integrity, became irregularly shaped,
thus making the identification difficult (Figures 6c–f). The
Oenocytoids, are rare cells but they are large with plenty
of inclusions, the nucleus is typically smaller compared with
cytoplasm and is located near the cell boundary (Figures 7a,b).
However, in treated larvae these cells appeared vacuolated with
no nuclear boundary and were irregularly shaped (Figures 7c,d
at 5% treatment) and with extruded or disintegrating nucleus
(Figures 7e,f). The Prohemocytes are small cells, the nucleus
is prominent filling the cytoplasm (Figures 8a,b) but after
treatment with the extract the cells were vacuolated and the
nucleus were smaller compared to controls or the extruding
bodies appearing at the surface showing the sign of disintegration
(Figures 8c–f).

Morphology, Histology and Energy
Reserves of Ovaries
The dissected ovaries in treated insects were smaller than controls
about 2 and 3 folds at 5 and 15% treatments, respectively.
The number of oocytes were fewer than controls (Figures 9a–c
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FIGURE 2 | Mean percentage of plasmatocytes (PLs) and granulocytes (Grs) counts after treatment of fifth instar Glyphodes pyloalis larvae with 5% (T5) and 15%
(T15) of Withania somnifera methanolic extract compared to control (C). Mean ± SE followed with the same letters above bars indicate no significant difference (p =
0.05). According to a Tukey’s test.

FIGURE 3 | Total hemocyte count (THC) following treatment with 5 (T5) and
15% (T15) with Withania somnifera methaolic extract compared to control (C)
in Vth instar larvae of Glyphodes pyloalis after 24 and 48 h). Mean ± SE
followed with the same letters above bars indicate no significant difference (p
= 0.05). According to a Tukey’s test.

in control, Figures 9d,g in 5 and 15% treatments). The
histology in dissected ovaries of treated insects showed no
sign of complete formation of oocytes in treatments compared
to control (Figures 9b,c). The changes were mostly seen
in the form of disintegration of epithelial cells without cell
boundaries in treatments vacuolization both trophocytes and
oocytes (Figures 9e,f,h,i) with no sign of vitellin and chorion
formation with obvious oosorption seen in gross morphology.

The amount of total protein, glycogen and triglyceride were
reduced by 15% in comparison to control and low dosage
treatment (Figure 10).

DISCUSSION

The extract of various parts in W. somnifera has been reported
as a potent insect growth regulator (Gaur and Kumar, 2017,
2018; Gaur and Kumar, 2019). The current study has focused on
different effects of methanolic seed extract of this plant exerted
on an important pest of mulberry. This pest is also suspicious
of transmitting viral infection in silkworm. Treatment of seeds
by this extract in two dosages selected with pretrials showed
extensive growth inhibition. The growth inhibitory effect was
prominent in the formation of intermediates larva-pupal-adults.
In extreme cases we also noticed a 3th instar larva which could
not shed its old cuticle. The morphological abnormalities might
be related to chemicals in the extract that has already been
reported as withanolids and withaferins (Trivedi et al., 2017; Gaur
and Kumar, 2020).

Thus, we looked for possible reasons underlying these
subtle circumstances upon treatment, therefore some aspects of
nutrition in treated larvae were considered. The results indicated
adverse impact of Withania extract on almost all measured
nutritional indices. These adverse effects led to the various
abnormalities, which are very well documented by various
plant extracts including Withania (Senthil-Nathan, 2006, 2013;
Shekari et al., 2008; Hasheminia et al., 2011; Khosravi et al.,
2011). However, our results was interestingly different from
other studies in giving negative ECD, ECI, and RGR which
is indicative of its extreme anti-feedant activity. The feeding
deterrence recorded 48 and 87% for 5 and 15% treatments,
respectively, clearly indicated the anti-feedant activity (Qi et al.,
2003; Luo et al., 2005; Junhirun et al., 2018). This anti-feedant
effect is due to the presence of compounds as withanolides
such as withanolide A and withanolide D in this plant therefore
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FIGURE 4 | Effect of Withania somnifera seed extract on the morphology of plasmatocytes (PLs) in Glyphodes pyloalis in controls (a,b) and in treatments (c,d, 5%)
and (e,f, 15%) (Bar = 10 µ).

FIGURE 5 | Effect of Withania somnifera seed extract on the morphology of granulocytes (GRs) in Glyphodes pyloalis (a,b control), (c,d, 5%) and (e,f, 15%) (Bar =
10 µ).

FIGURE 6 | Effect of Withania somnifera seed extract on the morphology of spherulocytes (Sphs) in Glyphodes pyloalis (a,b control), (c,d, 5%) and (e,f, 15%) (Bar =
10 µ).

the insect is unable to efficiently convert food (Budhiraja
et al., 2000). Digestion is a process of interactions taking place
between chemicals (enzymes) produced by the same set of cells
of midgut that absorb the nutrients. The activity of selected
enzymes including, αamylase, α- and β-glycosidase, lipase and
general proteases were affected and reduced particularly 72 h
post treatment, which supports our previous results that the
nutritional reductions follows the lower activity of enzymes

(Rharrabe et al., 2008; Khosravi et al., 2010; Hasheminia et al.,
2011) and other reports are also indicative in inhibition of
important enzymes in their respective studies (Senthil-Nathan,
2013; Amin et al., 2019). George et al. (2018) reported the
presence of a lectin in Withania leaves which showed insecticidal,
growth inhibition and could also damage the secretory cells of
midgut. The lectins or agglutinins with binding ability to specific
carbohydrates are present in certain plant tissues as a defensive
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FIGURE 7 | Effect of Withania somnifera seed extract on the morphology of oenocytoids (OEs) in Glyphodes pyloalis (a,b control), (c,d 5%), and (e,f 15%) (Bar =
10 µ).

FIGURE 8 | Effect of Withania somnifera seed extract on the morphology of Prohemocytes (PRs) in Glyphodes pyloalis (a,b control), (c,d, 5%) and (e,f, 15%) (Bar =
10 µ).

strategy against herbivores (Michiels et al., 2010). A fractioned
lectin from Polygonum persicaria exhibited inhibitory activity of
certain enzymes in Helicoverpa armigera leading to death of this
insect (Rahimi et al., 2018).

Macromolecules, like proteins play a major role in organisms
for development, growth and performing other vital activities
(Chapman, 2013). In this study the reduced amount of protein
could be attributed to insect inability to synthesize it or
the synthesized protein is broken down to compensate the
detoxification process (Vijayaraghavan et al., 2010). The Lipids
and glycogens are stored reserves of insects (Chapman, 2013).
As many insects are dependent for their adult stage reproductive
process solely on the nutrients collected during their immature
stages. Thus reduction of these key components are depicted
in at least in two stages, first in the developmental stages
showing various deformities or intermediates due to lack in
energy reserves and second in adult stage where the longevity
and egg production are severely affected. There are a number
of proofs appearing in the literature for the shortage of critical
macromolecules involved after the application of chemical
stresses including plant products (Smirle et al., 1996; Etebari et al.,
2007; Rharrabe et al., 2008; Shekari et al., 2008; Khosravi et al.,
2010; Zibaee, 2011).

Detoxification is a phenomenon for reduction of the toxic
effects of exogenous compounds that may be received by

any organism (Amin et al., 2019). Two important detoxifying
compounds are esterases and glutathione-s-transferases. Both
enzymes were increased, particularly 72 h post treatment,
certainly for removal of the exerted side effects of Withania
toxicity. This result is similar to other reports of plant
products used against insects (Kumrungsee et al., 2014;
Murfadunnisa et al., 2019).

Phenoloxidase (PO) is an enzyme that is a link between
cellular and humoral immunology of insects (Chapman, 2013).
Usually when the insect is attacked by foreign bodies like
fungal hyphae, nematodes or egg of parasitoids, this enzyme is
released by insect oenocytoids for melanization of invaders to
isolate them from damaging the insect tissues (Huang et al.,
2002; Yu et al., 2003; Ling et al., 2005; Arakane et al., 2009;
Beckage, 2011). The reports indicate decreased activity of PO
by IGRs (Zibaee et al., 2012; Mirhaghparast and Zibaee, 2013;
Rahimi et al., 2013). The W. somnifera has the characteristics
of an IGR which is particularly observed in its ability to
form incomplete metamorphosis, leading to various intermediate
forms. Therefore, decrease in PO could be related to the IGR
behavior of this compound.

The middle midgut is the main site of digestion and
absorption in many insect orders (Selin-Rani et al., 2016). In
our study, the damages to midgut cells that are responsible
for secreting digestive enzymes were severe which clearly
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FIGURE 9 | Gross morphology and histology of ovaries in Glyphodes pyloalis of 2 day old adults in controls (a Bar = 2 mm, b,c Bar = 60µ). The same in 5%
treatments (d Bar = 2 mm, e,f Bar = 60µ) and 15% treatment (g Bar = 2 mm h,i Bar = 50µ). CB, Corpus Bursae; DB, Dactus Bursae; MO, Median Oviduct; GC,
Genital Chamber; OV, Ovariole; TF, Terminal Filament; FE, Follicular Epithelium; VT, Vitellarium; OSH, Ovarial Sheath; Y, Yolk; TC, Trophocyte; OC, Oocyte; GV,
Germinal Vesicle; FOS, Fused Oocytes; H, Hyperplasia; V, Vacuole; IFC, Inter Follicular Cells; CA, Calyx; Degenerating follicular epithelium (Single arrow head),
Disintegrating follicular epithelium (Arrow) and Necrotic inter follicular epithelium (Double arrow head).

supports the inhibition of enzyme activity already reported
and discussed above. The damages to midgut cells appears
in two forms, one through binding of the extract (lectin)
to carbohydrates and secondly damaging the tissues thereby,
the enzymes are lowered or not produced at all. Lectin
in the leaves of W. somnifera causes damage to midgut
secretory cells have been reported recently (George et al., 2018)
which corresponds with the present study. The reports by
several workers that have tried other plant extracts or even
essential oils against the gut of various insect pests are also
indicative of a similar finding (Vasantha-Srinivasan et al., 2016;
Murfadunnisa et al., 2019).

Cellular immunity of insect is considered as an important
immunological system that provides to the insect to get rid
of the intruders (Nation et al., 2008). This ability may take at
least three forms, to phagocytize small intruders, form nodules
orencapsulate larger intruders. The plant extracts exert their
effects on cellular immunity by changes the THC and DHC.
There are plenty of reports by various scientists, both in reducing
or increasing cell numbers (Hassan et al., 2013). The reduced
THC in the present study corresponds to the reports of Sendi
and Salehi (2010) on Papilio demoleus L (Lep: Papilionidae)
exerted by an IGR methoprene. Similarly, Rahimi et al. (2013)
and Khosravi et al. (2014) also showed decreased number of cells

in their respective insects upon IGRs treatment. On the effects
of plant extracts or essential oils on THC, there are plenty of
available literature (Sharma et al., 2003; Ghasemi et al., 2014;
Shaurub et al., 2014; Dhivya et al., 2018; Sadeghi et al., 2019).
The DHC in spite of increasing trend, the corresponding pictures,
are clearly indicative of sever damages exerted by plant extract.
Although, the cells are recognizable in their respective forms
should not be considered as true and active hemocytes. The
increase in DHC particularly the immunocytes (Grs and Pls)
have been reported by Shaurub and Sabbour (2017) with Melia
azedarach (Meliaceae) fruit extract on Agrotis ipsilon Hufnagel
(Lep: Noctuidae) and others (Sharma et al., 2008). The increase in
DHC is somehow confusing, since the observation as live (Phase
contrast) or permanent slides stained with Geimsa showing
damaging cells but not degenerated after 24–48 h. Our results
in damaged cells are corresponding to the reports of some
other workers in their respective studies (Altuntas et al., 2012;
Sadeghi et al., 2019).

Reproduction in insects has been the target for pest control
and thus chemicals that could suppress insect reproduction has
attracted scientists‘ attention long time ago. Hence, this aspect
of pest control via biorational chemicals have been the core
of several researches (Sahayaraj and Alakiaraj, 2006; Riddiford,
2012; Ribeiro et al., 2015; Lau et al., 2018; Abdelgaleil et al., 2019;
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FIGURE 10 | The amount of Protein, Triglyceride and Glycogen, in ovaries of 2 day old adult Glyphodes pyloalis in controls (C), in 5% treatment (T5) and in 15%
treatment (T15). Mean ± SE followed with the same letters above bars indicate no significant difference (p = 0.05). According to a Tukey’s test.

Couto et al., 2019). In the present study, the extract used also
suppressed G. pyloalis fecundity which was complemented with
histological and biochemical investigation on the adult ovary
resulting from treated larvae. Costa et al. (2004) and Milano
et al. (2010) reported suppression in fecundity and egg viability
by essential oils. Engelman (1998) believes that even ovariol
number is affected following insufficient feeding at younger
stages and also exposed to secondary metabolites during its
ovarial development. Birah et al. (2010) and Alves et al. (2014)
working on clove and long pepper extract, observed a juvenoid
like effect which altered S. litura and Spodoptera frugiperda Smith
(Lep: Noctuidae) reproduction, respectively. Clove oil in their
study reduced number of eggs and their viability has also been
reported by Cruz et al. (2016) in S. frugipedra. Our results
are in agreement with the reported investigations mentioned,
where reduced number of eggs laid and decreased amount
of important compounds including, Protein, triglyceride and

glycogen are corresponding to the defects in histology treated
insects ovaries.

CONCLUSION

Our results on the effect of W. somnifera seed extract on
G. pyloalis larvae clearly supports earlier findings of the effect
of this plant extract on various insects studied. We also found
out that, the extract not only had toxicity, but also prolonged
later life stages, thus showing effects similar to exogenous growth
hormones. This is presumed by the intermediate types formed in
later stages, leading to insect mortality. This study also throws
some light on the mode of action of this toxic substance. This
was evident in reduced activity of main digestive enzymes,
macromolecules, and sever damage to cellular structure of the
midgut. Another aspect of consideration in mode of action of
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this extract, was to study immunological aspect. Thus severe
morphological damages were evident on these cells making
them susceptible to diseases. We also noticed that those
insects reaching adult stage were unable to produce eggs. The
histology of ovary clearly depicted the loss of yolk, loosening
of trophocytes and formation of vacuoles in the trohocytes and
oocytes. Vitillin and chorion were not formed in the terminal
oocytes of treated insects complemented with reduced energy
reserves. Therefore, the Withania extract has the potential to be
considered for further studies and a candidate for non-chemical
insect pest control.

DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to
the corresponding author.

AUTHOR CONTRIBUTIONS

JS and ZA conceived, designed, and performed the experiments
and wrote the first draft of the manuscript. AK-M and AZ helped
in analysis and edited the manuscript. All authors approved the
final draft.

FUNDING

JS evinced his deep gratitude to Jahade Keshavarzi Organization
of Guilan for financial support.

ACKNOWLEDGMENTS

This research was supported by the Deputy of Research,
University of Guilan, which is greatly appreciated.

REFERENCES
Abdelgaleil, S., Al-Eryan, M., El-Minshawy, A., Gadelhak, G., and Rabab, R.

(2019). Toxicity, developmental and histological effects of monoterpenes on
peach fruit fly, Bactrocera zonata (Diptera: Tephritidae). J. Crop Prot. 8,
339–349.

Abtew, A., Subramanian, S., Cheseto, X., Kreiter, S., Garzia, G. T., and Martin,
T. (2015). Repellency of plant extracts against the legume flower thrips
Megalurothrips sjostedti (Thysanoptera: Thripidae). Insects 6, 608–625. doi:
10.3390/insects6030608

Alam, N., Hossain, M., Khalil, M. I., Moniruzzaman, M., Sulaiman,
S. A., and Gan, S. H. (2012). Recent advances in elucidating the
biological properties of Withania somnifera and its potential role in
health benefits. Photochem. Rev. 11, 97–112. doi: 10.1007/s11101-011-
9221-5

Ali, A. M., Mohamed, D. S., Shaurub, E. H., and Elsayed, A. M. (2017). Antifeedant
activity and some biochemical effects of garlic and lemon essential oils on
Spodoptera littoralis (Boisduval) (Lepidoptera: Noctuidae). J. Entomol Zool
Stud. 3, 1476–1482.

Altuntas, H., Kılıç, A. Y., Uçkan, F., and Ergin, E. (2012). Effects of gibberellic
acid on hemocytes of Galleria mellonella L. (Lepidoptera: Pyralidae). Environ.
Entomol. 41, 688–696. doi: 10.1603/EN11307

Alves, T. J., Cruz, G. S., Wanderley-Teixeira, V., Teixeira, A. A., Oliveira, J. V.,
Correia, A. A., et al. (2014). Effects of Piper hispidinervum on spermatogenesis
and histochemistry of ovarioles of Spodoptera frugiperda. Biotech. Histochem.
89, 245–255. doi: 10.3109/10520295.2013.837509

Amaral, I. M. R., Neto, J. F. M., Pereira, G. B., Franco, M. B., Beletti,
M. E., and Kerr, W. E. (2010). Circulating hemocytes from larvae of
Melipona scutellaris (Hymenoptera, Apidae, Meliponini): cell types and
their role in phagocytosis. Micron 41, 123–129. doi: 10.1016/j.micron.2009.
10.003

Amin, A. R. H., Bayoumi, A. E. D., Dimetry, N. Z., and Youssef, D. A.
(2019). Efficiency of Nano-formulations of Neem and peppermint oils on
the bionomics and enzymatic activities of Agrotis ipsilon Larvae (Lepidoptera:
Noctuidae). J. Nat. Resour. Ecol. Manag. 4, 102–111. doi: 10.11648/j.ijnrem.
20190405.11

Arakane, Y., Dixit, R., Begum, K., Park, Y., Specht, C. A., Merzendorfer, H., et al.
(2009). Analysis of functions of the chitin deacetylase gene family in Tribolium
castaneum. Insect Biochem. Mol. Biol. 39, 355–365. doi: 10.1016/j.ibmb.2009.02.
002

Balkrishna, A., Nain, P., Chauhan, A., Sharma, N., Gupta, A., Ranjan, R., et al.
(2020). Super critical fluid extracted fatty acids from Withania somnifera seeds
repair psoriasis-like skin lesions and attenuate pro-inflammatory cytokines
(TNF-α and IL-6) release. Biomolecules 10:185. doi: 10.3390/biom10020185

Beckage, N. E. (ed.) (2011). Insect Immunology. Salt Lake City: Academic press.

Bernfeld, P. (1955). Amylase α and β. Methods Enzymol. 1, 149–151.
Bhattacharya, S. K., Bhattacharya, A., Sairam, K., and Ghosal, S. (2001).

Anxiolyticanti-depressant activity of Withania somnifera glycowithanolides: an
experimental study. Phytomedicine 76, 463–469.

Birah, A., Sharma, T. V. R. S., Singh, S., and Srivastava, R. C. (2010). Effect
of aqueous leaf extract of cloves (Syzygium aromaticum) on growth and
development of tobacco caterpillar (Spodoptera litura). Indian J. Agric. Sci. 80,
534–537.

Budhiraja, R. D., Krishan, P., and Sudhir, S. (2000). Biological activity of
withanolides. J. Sci. Ind. Res. India 59, 904–911.

Camara, C. A., Akhtar, Y., Isman, M. B., Seffrin, R. C., and Born, F. S.
(2015). Repellent activity of essential oils from two species of Citrus against
Tetranychus urticae in the laboratory and greenhouse. Crop Prot. 74, 110–115.
doi: 10.1016/j.cropro.2015.04.014

Carvalho, F. P. (2017). Pesticides, environment, and food safety. Food Energy Secur.
6, 48–60. doi: 10.1002/fes3.108

Catalán, T. P., Wozniak, A., Niemeyer, H. M., Kalergis, A. M., and Bozinovic,
F. (2012). Interplay between thermal and immune ecology: effect of
environmental temperature on insect immune response and energetic costs
after an immune challenge. J. Insect. Physiol. 58, 310–317. doi: 10.1016/j.
jinsphys.2011.10.001

Chapman, J. (2013). Fragmentation in Archaeology: People, Places and Broken
Objects in the Prehistory of South-Eastern Europe. London: Routledge.

Chun, Y., and Yin, Z. D. (1998). Glycogen assay for diagnosis of
female genital Chlamydia trachomatis infection. J. Clin. Microbiol. 36,
1081–1082.

Costa, E. L. N., Silva, R. F. P., and Fiuza, L. M. (2004). Effects, uses and restrictions
of insecticidal plants extracts. Acta Biol. Leopoldensia 26, 173–185.

Couto, I. F. S., da Silva, S. V., Valente, F. I., de Araújo, B. S., de Souza, S. A., Mauad,
M., et al. (2019). Botanical Extracts of the Brazilian Savannah Affect Feeding and
Oviposition of Plutella xylostella (L,1758) (Lepidoptera: Plutellidae). J. Agric.
Sci. 11, 322–333. doi: 10.5539/jas.v11n5p322

Cruz, G. S., Wanderley-Teixeira, V., Oliveira, J. V., Lopes, F. S. C., Barbosa,
D. R. S., Breda, M. O., et al. (2016). Sublethal effects of essential oils from
Eucalyptus staigeriana (Myrtales: Myrtaceae), Ocimum gratissimum (Lamiales:
Laminaceae), and Foeniculum vulgare (Apiales: Apiaceae) on the biology of
Spodoptera frugiperda (Lepidoptera: Noctuidae). J. Econ. Entomol. 109, 660–
666. doi: 10.1093/jee/tow005

Dar, N. J., Hamid, A., and Ahmad, M. (2015). Pharmacologic overview of Withania
somnifera, the Indian ginseng. Cell. Mol. Life. Sci. 72, 4445–4460. doi: 10.1007/
s00018-015-2012-1

De Santana Souza, C., Procópio, T. F., do Rego Belmonte, B., Paiva, P. M. G., de
Albuquerque, L. P., Pontual, E. V., et al. (2018). Effects of Opuntia ficus-indica
lectin on feeding, survival, and gut enzymes of maize weevil, Sitophilus zeamais.
Appl. Biol. Chem. 61, 337–343. doi: 10.1007/s13765-018-0363-7

Frontiers in Physiology | www.frontiersin.org 13 August 2020 | Volume 11 | Article 908

https://doi.org/10.3390/insects6030608
https://doi.org/10.3390/insects6030608
https://doi.org/10.1007/s11101-011-9221-5
https://doi.org/10.1007/s11101-011-9221-5
https://doi.org/10.1603/EN11307
https://doi.org/10.3109/10520295.2013.837509
https://doi.org/10.1016/j.micron.2009.10.003
https://doi.org/10.1016/j.micron.2009.10.003
https://doi.org/10.11648/j.ijnrem.20190405.11
https://doi.org/10.11648/j.ijnrem.20190405.11
https://doi.org/10.1016/j.ibmb.2009.02.002
https://doi.org/10.1016/j.ibmb.2009.02.002
https://doi.org/10.3390/biom10020185
https://doi.org/10.1016/j.cropro.2015.04.014
https://doi.org/10.1002/fes3.108
https://doi.org/10.1016/j.jinsphys.2011.10.001
https://doi.org/10.1016/j.jinsphys.2011.10.001
https://doi.org/10.5539/jas.v11n5p322
https://doi.org/10.1093/jee/tow005
https://doi.org/10.1007/s00018-015-2012-1
https://doi.org/10.1007/s00018-015-2012-1
https://doi.org/10.1007/s13765-018-0363-7
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/physiology#articles


fphys-11-00908 August 6, 2020 Time: 20:26 # 14

Afraze et al. Winter Cherry, Potential Future Insecticide

Dhivya, K., Vengateswari, G., Arunthirumeni, M., Karthi, S., Senthil-Nathan, S.,
and Shivakumar, M. S. (2018). Bioprospecting of Prosopis juliflora (Sw.) DC
seed pod extract effect on antioxidant and immune system of Spodoptera litura
(Lepidoptera: Noctuidae). Physiol. Mol. Plant Phathol. 101, 45–53. doi: 10.1016/
j.pmpp.2017.09.003

Dubovskiy, I. M., Grizanova, E. V., Whitten, M. M. A., Mukherjee, K., Greig, C.,
Alikina, T., et al. (2016). Immunophysiological adaptations confer wax moth
Galleria mellonella resistance to Bacillus thuringiensis. Virulence 7, 860–870.
doi: 10.1016/j.jip.2018.07.002

El-Sheikh, T. M. Y., Al-Fifi, Z. I. A., and Alabboud, M. A. (2016). Larvicidal and
repellent effect of some Tribulus terrestris L. (Zygophyllaceae) extracts against
the dengue fever mosquito, Aedes aegypti (Diptera: Culicidae). J. Saudi Chem.
Soc. 20, 13–19. doi: 10.1016/j.jscs.2012.05.009

Engelman, F. (1998). In vitro germplasm conservation. Acta Hortic. 461, 41–47.
Etebari, K., Bizhannia, A. R., Sorati, R., and Matindoost, L. (2007). Biochemical

changes in haemolymph of silkworm larvae due to pyriproxyfen residue. Pestic.
Biochem. Phys. 88, 14–19. doi: 10.1016/j.pestbp.2006.08.005

Fite, T., Tefera, T., Negeri, M., Damte, T., and Sori, W. (2018). Management of
Helicoverpa armigera (Lepidoptera: Noctuidae) by nutritional indices study
and botanical extracts of Millettia ferruginea and Azadirachta indica. J. Adv.
Entomol. 6, 235–255. doi: 10.4236/ae.2018.64019

Fossati, P., and Prencipe, L. (1982). Serum triglycerides determined
colorimetrically with an enzyme that produces hydrogen peroxide. Clin.
Chem. 28, 2077–2080.

Garcia-Carreno, F. L., and Haard, N. (1993). Characterization of protease classes
in langostilla Pleuroncodes planipes and crayfish Pacifastacus astacus extracts.
J. Food Biochem. 17, 97–113. doi: 10.1111/j.1745-4514.1993.tb00864.x

Gasmi, L., Martínez-Solís, M., Frattini, A., Ye, M., Collado, M. C., Turlings, T. C. J.,
et al. (2019). Can herbivore-induced volatiles protect plants by increasing
the herbivores’ susceptibility to natural pathogens? Appl. Environ. Microbiol.
85:e1468-18. doi: 10.1128/AEM.01468-18

Gaur, S. K., and Kumar, K. (2017). Bioefficacy of root extracts of a medicinal
plant, Withania somnifera (Dunal) against a polyphagous pest, Spodoptera
litura (Fabricius) (Lepidoptera: Noctuidae). Arch. Phytopathol. Plant Prot. 50,
802–814. doi: 10.1080/03235408.2017.1386754

Gaur, S. K., and Kumar, K. (2018). Withania somnifera acts as a potential insect
growth regulator in the polyphagous pest, Pericallia ricini. J. Plant Prot. Res. 57,
1–10. doi: 10.1515/jppr-2017-0052

Gaur, S. K., and Kumar, K. (2019). A comparative bioefficacy of seed and
root extracts of a medicinal plant, Withania somnifera when administered to
prepupae of lepidopteran insects, Spodoptera litura (Lepidoptera: Noctuidae)
and Pericallia ricini (Lepidoptera: Arctiidae). J. Basic Appl. Zool. 80, 1–15.
doi: 10.1186/s41936-019-0107-1

Gaur, S. K., and Kumar, K. (2020). Sensitivity of tobacco caterpillar, Spodoptera
litura, to extract from a medicinal plant, Withania somnifera. Int. J. Veg. Sci. 26,
62–78. doi: 10.1080/19315260.2019.1605556

George, B. S., Silambarasan, S., Senthil, K., Jacob, J. P., and Dasgupta, M. G.
(2018). Characterization of an insecticidal protein from Withania somnifera
against lepidopteran and hemipteran pest. Mol. Biotechnol. 60, 290–301. doi:
10.1007/s12033-018-0070-y

Ghasemi, V., Yazdi, A. K., Tavallaie, F. Z., and Jalali Sendi, J. J. (2014). Effect
of essential oils from Callistemon viminalis and Ferula gummosa on toxicity
and on the haemocyte profile of Ephestia kuehniella (Lep: Pyralidae). Arch.
Phytopathol. Plant Prot. 47, 268–278. doi: 10.1080/03235408.2013.808856

Glotter, E. (1991). Withanolides and related ergostane-type steroids. Nat. Prod. Rep.
8, 415–440. doi: 10.1039/NP9910800415

Gnanamani, R., and Dhanasekaran, S. (2013). Growth inhibitory effects of
azadirachtin against Pericallia ricini (Lepidoptera: Arctiidae). World J. Zool. 8,
185–191. doi: 10.5829/idosi.wjz.2013.8.2.746

Govindarajan, M., Rajeswary, M., Hoti, S. L., and Benelli, G. (2016). Larvicidal
potential of carvacrol and terpinen-4-ol from the essential oil of Origanum
vulgare (Lamiaceae) against Anopheles stephensi, Anopheles subpictus, Culex
quinquefasciatus and Culex tritaeniorhynchus (Diptera: Culicidae). Res. Vet. Sci.
104, 77–82. doi: 10.1016/j.rvsc.2015.11.011

Gupta, L., and Srivastava, M. (2008). Effect of Withania somnifera extracts on the
mortality of Callosobruchus chinensis L. J. Biopestic. 1, 190–192.

Habing, W. H., Pabst, M. J., and Jakoby, W. B. (1974). Glutathione S-transferases.
The first step in mercapturic acid formation. J. Biol. Chem. 249, 7130–7139.

Hasheminia, S. M., Sendi, J. J., Jahromi, K. T., and Moharramipour, S. (2011). The
effects of Artemisia annua L. and Achillea millefolium L. crude leaf extracts on
the toxicity, development, feeding efficiency and chemical activities of small
cabbage Pieris rapae L.(Lepidoptera: Pieridae). Pestic. Biochem. Physiol. 99,
244–249. doi: 10.1016/j.pestbp.2010.12.009

Hassan, H. A., Bakr, R. F. A., Abd El-Bar, M. M., Nawar, G. A., and Elbanna, H. M.
(2013). Changes of cotton leaf worm haemocytes and esterases after exposure to
compounds derived from urea and rice straw. Egypt. Acad. J. Biolog. 5, 35–48.
doi: 10.21608/eajbsc.2013.16094

Huang, Y., Ho, S. H., Lee, H. C., and Yap, Y. L. (2002). Insecticidal properties
of eugenol, isoeugenol and methyleugenol and their effects on nutrition
of Sitophilus zeamais Motsch. (Coleoptera: Curculionidae) and Tribolium
castaneum (Herbst) (Coleoptera: Tnebrionidae). J. Stored Product Res. 38,
403–412.

Isman, M. B. (2000). Plant essential oils for pest and disease management. Crop
Prot. 19, 603–608.

Isman, M. B. (2019). Botanical insecticides in the twenty-first century—fulfilling
their promise? Annu. Rev. Entomol. 65, 233–249. doi: 10.1146/annurev-ento-
011019-025010

Isman, M. B., and Grieneisen, M. L. (2014). Botanical insecticide research: many
publications, limited useful data. Trends Plant Sci. 19, 140–145. doi: 10.1016/j.
tplants.2013.11.005

Isman, M. B., Koul, O., Luczynski, A., and Kaminski, J. (1990). Insecticidal
and antifeedant bioactivities of neem oils and their relationship to
azadirachtin content. J. Agric. Food Chem. 38, 1406–1411. doi: 10.1021/jf0009
6a024

Jeyasankar, A., Chennaiyan, V., Chinnamani, T., and Ramar, G. (2014). Feeding
and growth inhibition activities of Tragiain volucrata Linn (Euphorbiaceae)
on Achaea janata (Linn.) (Noctuidae: Lepidoptera) and Pericallia ricini (Fab.)
(Lepidoptera: Arctidae). Open Access Library J. 1, 1–7. doi: 10.4236/oalib.
1100439

Junhirun, P., Pluempanupat, W., Yooboon, T., Ruttanaphan, T., Koul, O., and
Bullangpoti, V. (2018). The study of isolated alkane compounds and crude
extracts from Sphagneticola trilobata (Asterales: Asteraceae) as a candidate
botanical insecticide for lepidopteran larvae. J. Econ. Entomol. 111, 2699–2705.
doi: 10.1093/jee/toy246

Kabir, K. E., Choudhary, M. I., Ahmed, S., and Tariq, R. M. (2013).
Growthdisrupting, larvicidal and neurobehavioral toxicity effects of seed extract
of Seseli diffusum against Aedes aegypti (L.) (Diptera: Culicidae). Ecotoxicol.
Envirom. Saf. 90, 52–60. doi: 10.1016/j.ecoenv.2012.12.028

Kaur, N., Chahal, K. K., Kumar, A., Singh, R., and Bhardwaj, U. (2019). Antioxidant
activity of Anethum graveolens L. essential oil constituents and their chemical
analogues. J. Food Biochem. 43:e12782. doi: 10.1111/jfbc.12782

Keykha, Z., Vali Zadeh, M., Vali Zadeh, J., and Taheri, K. (2017). Quantitative
and Qualitative Investigation of Seed Fatty Acids in Two Withania coagulans
(Stocks) Dun. and Withania somnifera (L.) Dun. From different sites of Sistan
and Baluchestan province. Iran. J. Med. Aromat. Plants 33, 730–739.

Khosravi, R., and Jalali Sendi, J. (2013). Effect of neem pesticide (Achook)
on midgut enzymatic activities and selected biochemical compounds in the
hemolymph of lesser mulberry pyralid, Glyphodes pyloalis Walker (Lepidoptera:
Pyralidae). J. Plant Prot. Res. 53, 238–247. doi: 10.2478/jppr-2013-0036

Khosravi, R., Jalali Sendi, J., and Ghadamyari, M. (2010). Effect of Artemisia
annua L. on deterrence and nutritional efficiency of lesser mulberry pyralid
(Glyphodes pylolais Walker) (Lepidoptera: Pyralidae). J. Plant Prot. Res. 50,
423–428. doi: 10.2478/v10045-010-0071-8

Khosravi, R., Jalali Sendi, J., Ghadamyari, M., and Yezdani, E. (2011). Effect of
sweet wormwood Artemisia annua crude leaf extracts on some biological and
physiological characteristics of the lesser mulberry pyralid, Glyphodes pyloalis.
J. Insect Sci. 11:156. doi: 10.1673/031.011.15601

Khosravi, R., Jalali Sendi, J., Zibaee, A., and Shokrgozar, M. (2014). Immune
reactions of the lesser mulberry pyralid, Glyphodes pyloalis Walker
(Lepidoptera: Pyralidae) to the entomopathogenic fungus, Beauveria bassiana
(Bals.-Criv.) Vuill and two developmental hormones. Invertebr. Surviv. J. 11,
11–21.

Kumrungsee, N., Pluempanupat, W., Koul, O., and Bullangpoti, V. (2014). Toxicity
of essential oil compounds against diamondback moth, Plutella xylostella, and
their impact on detoxification enzyme activities. J. Pest Sci. 87, 721–729. doi:
10.1007/s10340-014-0602-6

Frontiers in Physiology | www.frontiersin.org 14 August 2020 | Volume 11 | Article 908

https://doi.org/10.1016/j.pmpp.2017.09.003
https://doi.org/10.1016/j.pmpp.2017.09.003
https://doi.org/10.1016/j.jip.2018.07.002
https://doi.org/10.1016/j.jscs.2012.05.009
https://doi.org/10.1016/j.pestbp.2006.08.005
https://doi.org/10.4236/ae.2018.64019
https://doi.org/10.1111/j.1745-4514.1993.tb00864.x
https://doi.org/10.1128/AEM.01468-18
https://doi.org/10.1080/03235408.2017.1386754
https://doi.org/10.1515/jppr-2017-0052
https://doi.org/10.1186/s41936-019-0107-1
https://doi.org/10.1080/19315260.2019.1605556
https://doi.org/10.1007/s12033-018-0070-y
https://doi.org/10.1007/s12033-018-0070-y
https://doi.org/10.1080/03235408.2013.808856
https://doi.org/10.1039/NP9910800415
https://doi.org/10.5829/idosi.wjz.2013.8.2.746
https://doi.org/10.1016/j.rvsc.2015.11.011
https://doi.org/10.1016/j.pestbp.2010.12.009
https://doi.org/10.21608/eajbsc.2013.16094
https://doi.org/10.1146/annurev-ento-011019-025010
https://doi.org/10.1146/annurev-ento-011019-025010
https://doi.org/10.1016/j.tplants.2013.11.005
https://doi.org/10.1016/j.tplants.2013.11.005
https://doi.org/10.1021/jf00096a024
https://doi.org/10.1021/jf00096a024
https://doi.org/10.4236/oalib.1100439
https://doi.org/10.4236/oalib.1100439
https://doi.org/10.1093/jee/toy246
https://doi.org/10.1016/j.ecoenv.2012.12.028
https://doi.org/10.1111/jfbc.12782
https://doi.org/10.2478/jppr-2013-0036
https://doi.org/10.2478/v10045-010-0071-8
https://doi.org/10.1673/031.011.15601
https://doi.org/10.1007/s10340-014-0602-6
https://doi.org/10.1007/s10340-014-0602-6
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/physiology#articles


fphys-11-00908 August 6, 2020 Time: 20:26 # 15

Afraze et al. Winter Cherry, Potential Future Insecticide

Kunbhar, S., Rajput, L. B., Ahmed Gilal, A., Akber Channa, G., Sahito, J., and
Ghulam, M. (2018). Impact of botanical pesticides against sucking insect pests
and their insect predators in brinjal crop. J. Entomol. Zool. Stud. 6, 83–87.

Lau, K. W., Chen, C. D., Lee, H. L., Low, V. L., and Sofian-Azirun, M. (2018).
Bioefficacy of insect growth regulators against Aedes albopictus (Diptera:
Culicidea) from Sarawak. Malaysia: a Statewide survey. J. Econ. Entomol. 111,
1388–1394. doi: 10.1093/jee/toy071

Liao, M., Xiao, J. J., Zhou, L. J., Yao, X., Tang, F., Hua, R. M., et al. (2017). Chemical
composition, insecticidal and biochemical effects of Melaleuca alternifolia
essential oil on the Helicoverpa armigera. J. Appl. Entomol 141, 721–728.

Ling, E., Shiraj, K., Kanehatsu, R., and Kiguchi, K. (2005). Reexamination of
phenoloxidase in larval circulating haemocytes of the silkworm, Bombyx mori.
Tissue Cell 37, 101–107. doi: 10.1016/j.tice.2004.10.007

Lowry, O. H., Rosebrough, N. J., Farr, A. L., and Randall, R. J. (1951). Protein
estimation by Lowry’s method. J. Biol. Chem. 193, 265–275.

Luo, W. C., Gao, X. X., Yu, T. C., and Wang, S. D. (2005). Inhibitory effect
of quercetin on the activity of phenoloxidase in Spodoptera exigua (Hubner)
(Lepidoptera: Noctuidae). Acta Entomol. Sin. 48, 36–41.

Maheswari, P., Harish, S., Navaneethan, M., Muthamizhchelvan, C., Ponnusamy,
S., and Hayakawa, Y. (2020). Bio-modified TiO2 nanoparticles with Withania
somnifera, Eclipta prostrata and Glycyrrhiza glabra for anticancer and
antibacterial applications. Mater. Sci. Eng. C 108, 1–49. doi: 10.1016/j.msec.
2019.110457

Matsuyama, S., Kuwahara, Y., Nakamura, S., and Suzuki, T. (1991). Oviposition
stimulants for the lesser mulberry pyralid, Glyphodes pyloalis Walker, in
mulberry leaves; Rediscovery of phytoalexin components as insect kairomones.
Agric. Biol. Chem. 55, 1333–1341. doi: 10.1080/00021369.1991.10870748

Michiels, J., Missotten, J., Dierick, N., Fremaut, D., and De Smet, S. (2010). Thymol
and trans-cinnamaldehyde reduce active nutrient absorption and chloride
secretion in the pig jejunal Ussing chamber model. Livest. Sci. 134, 27–29.
doi: 10.1016/j.livsci.2010.06.087

Milano, P., Berti Filho, E., Parra, J. R., Oda, M. L., and Cônsoli, F. L. (2010). Effects
of adult feeding on the reproduction and longevity of Noctuidae, Crambidae,
Tortricidae and Elachistidae species. Neotrop. Entomol. 39, 172–180. doi: 10.
1590/S1519-566X2010000200005

Mirhaghparast, S. K., and Zibaee, A. (2013). Effects of Hexaflumuron and
Pyriproxyfen on the purified Phenoloxidase of Chilo suppressalis Walker
(Lepidoptera: Crambidae). Arch. Phytopathol. Plant Prot. 46, 1775–1784. doi:
10.1080/03235408.2013.777235

Murfadunnisa, S., Vasantha-Srinivasan, P., Ganesan, R., Senthil-Nathan, S., Kim,
T. J., Ponsankar, A., et al. (2019). Larvicidal and enzyme inhibition of
essential oil from Spheranthus amaranthroids (Burm.) against lepidopteran pest
Spodoptera litura (Fab.) and their impact on non-target earthworms. Biocatal.
Agric. Biotechnol. 21, 101. doi: 10.1016/j.bcab.2019.101324

Murillo, M. C. Á., Suarez, L. E. C., and Salamanca, J. A. C. (2014). Insecticidal
activity against Spodoptera frugiperda (Lepidoptera: Noctuidae) of metabolites
isolated from the aerial part of Piper septuplinervium (Miq.) c. dc. and
inflorescences of Piper subtomentosum Trel. and Yunck.(Piperaceae). Quím.
Nova 37, 442–446. doi: 10.5935/0100-4042.20140067

Najar-Rodriguez, A. J., Galizia, C. G., Stierle, J., and Dorn, S. (2010). Behavioural
and neurophysiological responses of an insect to changing ratios of constituents
in host plant-derived volatile mixtures. J. Exp. Biol. 213, 3388–3397. doi: 10.
1242/jeb.046284

Nasr, M., Jalali Sendi, J., Moharramipour, R., and Zibaee, A. (2015). Evaluation
of Origanum vulgare L. essential oil as a source of toxicant and an
inhibitor of physiological parameters in diamondback moth, Plutella xylustella
L.(Lepidoptera: Pyralidae). J. Saudi Soc. Agri. Sci. 16, 184–190. doi: 10.1016/j.
jssas.2015.06.002

Nation, A., Cui, S., and Selwood, L. (2008). Vesicle-associated
protein 1: a novel ovarian immunocontraceptive target in the
common brushtail possum, Trichosurus vulpecula. Reproduction 136,
657–665.

Nicolopoulou-Stamati, P., Maipas, S., Kotampasi, C., Stamatis, P., and Hens, L.
(2016). Chemical pesticides and human health: the urgent need for a new
concept in agriculture. Front. Public Health 4:148. doi: 10.3389/fpubh.2016.
00148

Niroumand, M. C., Farzaei, M. H., Razkenari, E. K., Amin, G., Khanavi,
M., Akbarzadeh, T., et al. (2016). An evidence-based review on medicinal

plants used as insecticide and insect repellent in traditional Iranian
medicine. Iran. Red. Crescent. Med. J. 18:e22361. doi: 10.5812/ircmj.
22361

Panwar, N. L., Kothari, S., and Rathore, N. S. (2009). Protected cultivation of
medicinal plant in composite climate of Indian State Rajasthan. American-
Eurasian J. Agric. Environ. Sci. 5, 633–637.

Parwar, J., and Tarafdar, J. C. (2006). Distribution of three endangered
medicinal plant species and their colonization with arbuscular mycorrhizal
fungi. J. Arid Environ. 65, 337–350. doi: 10.1016/j.jaridenv.2005.
07.008

Qi, S. H., Wu, D. G., Chen, L., Ma, Y. B., and Luo, X. D. (2003). Insect antifeedants
from Munronia henryi: structure of munroniamide. J. Agric. Food Chem. 51,
6949–6952. doi: 10.1021/jf030292y

Ragesh, P. R., Bhutia, T. N., Ganta, S., and Singh, A. K. (2016). Repellent,
antifeedant and toxic effects of Ageratum conyzoides (Linnaeus) (Asteraceae)
Extract against Helicovepra armigera (Hübner) (Lepidoptera: Noctuidae). Arch.
Phytopathol. Plant Prot. 49, 19–30. doi: 10.1080/03235408.2016.1147123

Rahimi, V., Hajizadeh, J., Zibaee, A., and Jalali Sendi, J. (2019). Changes in immune
responses of Helicoverpa armigera Hübner followed by feeding on Knotgrass,
Polygonum persicaria agglutinin. Arch. Insect Biochem. Physiol. 101:e21543.
doi: 10.1002/arch.21543

Rahimi, V., Hajizadeh, J., Zibaee, A., and Sendi, J. J. (2018). Toxicity and
physiological effects of an extracted lectin from Polygonum persicaria L. on
Helicoverpa armigera (Hübner) (Lepidoptera: Noctuidae). Physiol. Mol. Plant
Pathol. 101, 38–44. doi: 10.1016/j.pmpp.2017.09.005

Rahimi, V., Zibaee, A., Mojahed, S., Maddahi, K., and Zare, D. (2013). Effects of
pyriproxyfen and hexaflumuron on cellular immunity of Ephestia kuehniella
Zeller (Lepidoptera: Pyralidae). Rom. J. Biol. Zool. 58, 151–162.

Rai, M., Jogee, P. S., Agarkar, G., and Santos, C. A. D. (2016). Anticancer activities
of Withania somnifera: current research, formulations, and future perspectives.
Pharm. Biol. 54, 189–197. doi: 10.3109/13880209.2015.1027778

Rajapakse, R. H. S., Ratnasekera, D., and Abeysinghe, S. (2016). Biopesticides
Research: current Status and Future Trends in Sri Lanka. Agric. Important
Microorganisms 219–234. doi: 10.1007/978-981-10-2576-1_13

Rharrabe, K., Amri, H., Bouayad, N., and Sayah, F. (2008). Effects of azadirachtin
on post-embryonic development, energy reserves and α-amylase activity of
Plodia interpunctella Hübner (Lepidoptera: Pyralidae). J. Stored Prod. Res. 44,
290–294. doi: 10.1016/j.jspr.2008.03.003

Ribeiro, R. C., Zanuncio, T. V., de Sousa Ramalho, F., da Silva, C. A. D., Serrão, J. E.,
and Zanuncio, J. C. (2015). Feeding and oviposition of Anticarsia gemmatalis
(Lepidoptera: Noctuidae) with sublethal concentrations of ten condiments
essential oils. Ind. Crops Prod. 74, 139–143. doi: 10.1016/j.indcrop.2015.03.057

Riddiford, L. M. (2012). How does juvenile hormone control insect metamorphosis
and reproduction? Gen. Comp. Endocrinol. 179, 477–484. doi: 10.1016/j.ygcen.
2012.06.001

Roghani, M., Khalili, M., and Mahdavi, F. (2006). The effect of chronic
administration of Withania somnifera on learning and memory deficits of
diabetic rats. Alzheimers Dement. 2:S231.

Rosenberger, C. R., and Jones, J. C. (1960). Studies on total blood cell counts of the
southern armyworm larva, Prodenia eridania (Lepidoptera). Ann. Entomol. Soc.
Am. 53, 351–355. doi: 10.1093/aesa/53.3.351

Sadeghi, R., Eshrati, M. R., Mortazavian, S. M. M., and Jamshidnia, A. (2019). The
Effects of the Essential Oils Isolated from Four Ecotypes of Cumin (Cuminum
cyminum L.) on the Blood Cells of the Pink Stem Borer, Sesamia cretica Ledere
(Lepidoptera: Noctuidae). J. Kans. Entomol. Soc. 92, 390–399. doi: 10.2317/
0022-8567-92.1.390

Sahayaraj, K. R. J., and Alakiaraj, J. F. (2006). Borgio, Ovicidal and ovipositional
effect of Pedalium murex Linn. (Pedaliaceae) root extracts on Dysdercus
cingulatus (Fab.) (Hemiptera: Pyrrhocoridae). Entomon 31, 57–60.

Sarwar, M., and Salman, M. (2015). Toxicity of oils formulation as a new useful tool
in crop protection for insect pests control. Int. J. Chem. Biomol. Sci. 1, 297–302.

SAS Institute (1997). SAS/STAT User’s Guide for Personal Computers. Cary, NC:
SAS Institute.

Selin-Rani, S., Senthil-Nathan, S., Thanigaivel, A., Vasantha-Srinivasan, P., Edwin,
E.-S., Ponsankar, A., et al. (2016). Toxicity and physiological effect of quercetin
on generalist herbivore, Spodoptera litura Fab. and a nontarget earthworm
Eisenia fetida Savigny. Chemosphere 165, 257–267. doi: 10.1016/j.chemosphere.
2016.08.136

Frontiers in Physiology | www.frontiersin.org 15 August 2020 | Volume 11 | Article 908

https://doi.org/10.1093/jee/toy071
https://doi.org/10.1016/j.tice.2004.10.007
https://doi.org/10.1016/j.msec.2019.110457
https://doi.org/10.1016/j.msec.2019.110457
https://doi.org/10.1080/00021369.1991.10870748
https://doi.org/10.1016/j.livsci.2010.06.087
https://doi.org/10.1590/S1519-566X2010000200005
https://doi.org/10.1590/S1519-566X2010000200005
https://doi.org/10.1080/03235408.2013.777235
https://doi.org/10.1080/03235408.2013.777235
https://doi.org/10.1016/j.bcab.2019.101324
https://doi.org/10.5935/0100-4042.20140067
https://doi.org/10.1242/jeb.046284
https://doi.org/10.1242/jeb.046284
https://doi.org/10.1016/j.jssas.2015.06.002
https://doi.org/10.1016/j.jssas.2015.06.002
https://doi.org/10.3389/fpubh.2016.00148
https://doi.org/10.3389/fpubh.2016.00148
https://doi.org/10.5812/ircmj.22361
https://doi.org/10.5812/ircmj.22361
https://doi.org/10.1016/j.jaridenv.2005.07.008
https://doi.org/10.1016/j.jaridenv.2005.07.008
https://doi.org/10.1021/jf030292y
https://doi.org/10.1080/03235408.2016.1147123
https://doi.org/10.1002/arch.21543
https://doi.org/10.1016/j.pmpp.2017.09.005
https://doi.org/10.3109/13880209.2015.1027778
https://doi.org/10.1007/978-981-10-2576-1_13
https://doi.org/10.1016/j.jspr.2008.03.003
https://doi.org/10.1016/j.indcrop.2015.03.057
https://doi.org/10.1016/j.ygcen.2012.06.001
https://doi.org/10.1016/j.ygcen.2012.06.001
https://doi.org/10.1093/aesa/53.3.351
https://doi.org/10.2317/0022-8567-92.1.390
https://doi.org/10.2317/0022-8567-92.1.390
https://doi.org/10.1016/j.chemosphere.2016.08.136
https://doi.org/10.1016/j.chemosphere.2016.08.136
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/physiology#articles


fphys-11-00908 August 6, 2020 Time: 20:26 # 16

Afraze et al. Winter Cherry, Potential Future Insecticide

Sendi, J. J., and Salehi, R. (2010). The effect of methoprene on total hemocyte counts
and histopathology of hemocytes in Papilio demoleus L. (Lepidoptera). Munis
Entomol. Zool. 5, 240–246.

Senthil-Nathan, S. (2006). Effects of Melia azedarach on nutritional physiology
and enzyme activities of the rice leaffolder Cnaphalocrocis medinalis (Guenée)
(Lepidoptera: Pyralidae). Pestic. Biochem. Physiol. 84, 98–108. doi: 10.1016/j.
pestbp.2005.05.006

Senthil-Nathan, S. (2013). Physiological and biochemical effect of neem and other
Meliaceae plants secondary metabolites against Lepidopteran insects. Front.
Physiol. 4:359. doi: 10.3389/fphys.2013.00359

Sharma, P. R., Sharma, O. P., and Saxena, B. P. (2003). Effect of Neem
gold on haemocytes of the tobacco armyworm, Spodoptera litura Fabricius.
(Lepidoptera; Noctuidae). Curr. Sci. 84, 690–695.

Sharma, P. R., Sharma, O. P., and Saxena, B. P. (2008). Effect of sweet flag rhizome
oil (Acorus calamus) on hemogram and ultrastructure of haemocytes of the
tobacco armyworm, Spodoptera litura (Lepidoptera: Noctuidae). Micron 39,
544–551. doi: 10.1016/j.micron.2007.07.005

Shaurub, E. H., and Sabbour, M. M. (2017). Impacts of pyriproxyfen, flufenoxuron
and acetone extract of Melia azedarach fruits on the hemolymph picture of the
black cutworm, Agrotis ipsilon (Hufnagel) (Lepidoptera: Noctuidae). Adv. Agric.
Sci. 5, 1–9.

Shaurub, E. S. H., El-Meguid, A. A., and El-Aziz, N. M. A. (2014). Quantitative
and ultrastructural changes in the haemocytes of Spodoptera littoralis (Boisd.)
treated individually or in combination with Spodoptera littoralis multicapsid
nucleopolyhedrovirus (SpliMNPV) and azadirachtin. Micron 65, 62–68. doi:
10.1016/j.micron.2014.04.010

Shekari, M., Jalali Sendi, J., Etebari, K., Zibaee, A., and Shadparvar, A. (2008).
Effects of Artemisia annua L. (Asteracea) on nutritional physiology and
enzyme activities of elm leaf beetle, Xanthogaleruca luteola Mull. (Coleoptera:
Chrysomellidae). Pestic. Biochem. Physiol. 91, 66–74. doi: 10.1016/j.pestbp.2008.
01.003

Silva, C. P., and Terra, W. R. (1995). An α-glucosidase from perimicrovillar
membranes of Dysdercus peruvianus (Hemiptera: Pyrrhocoridae) midgut cells.
Purification and properties. Insect Biochem. Mol. Biol. 25, 487–494. doi: 10.
1016/0965-1748(94)00088-G

Silva, C. T. S., Wanderley-Teixeira, V., Cunha, F. M., Oliveira, J. V., Dutra,
K. A., Navarro, D. F., et al. (2018). Effects of citronella oil (Cymbopogon
winterianus Jowitt ex Bor) on Spodoptera frugiperda (JE Smith) midgut
and fat body. Biotech. Histochem. 93, 36–48. doi: 10.1080/10520295.2017.137
9612

Smirle, M. J., Lowery, D. T., and Zurowski, C. L. (1996). Influence of neem oil
on detoxication enzyme activity in the obliquebanded leafroller, Choristoneura
rosaceana. Pestic. Biochem. Physiol. 56, 220–230. doi: 10.1006/pest.19
96.0075

Suvanthini, S., Mikunthan, G., Thurairatnam, S., and Pakeerathan, K. (2012).
Evaluation of Withania somnifera extracts on a storage pest Rice weevil,
Sitophilus oryzae. Annu. Res. Rev. Biol. 3, 5050–5053.

Trivedi, M. K., Branton, A., Trivedi, D., Nayak, G., Nykvist, C. D., Lavelle, C.,
et al. (2017). Liquid chromatography -mass spectrometry (LC-MS) analysis
of Withania somnifera (Ashwagandha) root extract treated with the energy of
consciousness. Am. J. Quantum Chem. Mol. Spectrosc. 1, 21–30. doi: 10.11648/
j.ajqcms.20170101.13

Tsujita, T., Ninomiya, H., and Okuda, H. (1989). p-nitrophenyl Butyrate
hydrolyzing activity of hormone-sensitive lipase 866 from bovine adipose tissue.
J. Lipid Res. 30, 997–1004.

Van-Asperen, K. (1962). A study of housefly esterases by mean of a sensitive
colorimetric method. J. Insect Physiol. 8, 401–416.

Vasantha-Srinivasan, P., Senthil-Nathan, S., Thanigaivel, A., Edwin, E. S.,
Ponsankar, A., Selin-Rani, S., et al. (2016). Developmental response of
Spodoptera litura Fab. to treatments of crude volatile oil from Piper betle L. and
evaluation of toxicity to earthworm, Eudrilus eugeniae Kinb. Chemosphere 155,
336–347. doi: 10.1016/j.chemosphere.2016.03.139

Veyrat, N., Robert, C. A. M., Turlings, T. C. J., and Erb, M. (2016). Herbivore
intoxication as a potential primary function of an inducible volatile plant signal.
J. Ecol. 104, 591–600.

Vijayaraghavan, C., Sivakumar, C., Kavitha, Z., and Sivasubramanian, P. (2010).
Effect of plant extracts on biochemical components of cabbage leaf webber,
Crocidolomia binotalis Zeller. J. Biopesticides 3, 275–277.

Waldbauer, G. P. (1968). The consumption and utilization of foods by insects. Adv.
Insect Physiol. 5, 229–288.

War, A. R., Paulraj, M. G., Hussain, B., Buhroo, A. A., Ignacimuthu, S., and
Sharma, H. C. (2013). Effects of Plant Secondary Metabolites on Legume Pod
Borer, Helicoverpa armigera. J. Insect Sci. 86, 399–408. doi: 10.1007/s10340-013-
0485-y

Warthen, J. D., Stokes, J. B., Jacobson, M., and Kozempel, M. F. (1984). Estimation
of azadirachtin content in neem extracts and formulations. J. Liq. Chromatogr.
7, 591–598. doi: 10.1080/01483918408073988

Watanabe, H., Kurihara, Y., Wang, Y. X., and Shimizu, T. (1988). Mulberry pyralid,
Glyhodes pyloalis: habitual host of nonoccluded viruses pathogenic to the
silkworm, Bombyx mori. J. Invert. Pathol. 52, 401–408.

Wu, G., Liu, Y., Ding, Y., and Yi, Y. (2016). Ultrastructural and functional
characterization of circulating hemocytes from Galleria mellonella larva: cell
types and their role in the innate immunity. Tissue Cell 48, 297–304. doi:
10.1016/j.tice.2016.06.007

Yazdani, E., Jalali Sendi, J., and Hajizadeh, J. (2014). Effect of Thymus vulgaris
L. and Origanum vulgare L. essential oils on toxicity, food consumption, and
biochemical properties of lesser mulberry pyralid Glyphodes pyloalis Walker
(Lepidoptera: Pyralidae). J. Plant Protect. Res. 54, 53–61.

Yazdani, E., Sendi, J. J., Aliakbar, A., and Senthil-Nathan, S. (2013). Effect of
Lavandula angustifolia essential oil against lesser mulberry pyralid Glyphodes
pyloalis Walker (Lep: Pyralidae) and identification of its major derivatives.
Pestic. Biochem. Phys. 107, 250–257. doi: 10.1016/j.pestbp.2013.08.002

Yu, X. Q., Jiang, H., Wang, Y., and Kanost, M. R. (2003). Nonproteolytic serine
proteinase homologs are involved in prophenoloxidase activation in the tobacco
hornworm Manduca sexta. Insect Biochem. Mol. Biol 33, 197–208.

Zibaee, A., Bandani, A. R., and Malagoli, D. (2012). Methoxyfenozide and
pyriproxifen alter the cellular immune reactions of Eurygaster integriceps Puton
(Hemiptera: Scutelleridae) against Beauveria bassiana. Pestic. Biochem. Physiol.
102, 30–37. doi: 10.1016/j.pestbp.2011.10.006

Zibaee, A. (2011). “Botanical insecticides and their effects on insect biochemistry
and immunity,” in Pesticides in the Modern World – Pests Control and Pesticides
Exposure and Toxicity Assessment, ed. M. Stoytcheva (Rijeka: IntechOpen),
55–68.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Afraze, Sendi, Karimi-Malati and Zibaee. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Physiology | www.frontiersin.org 16 August 2020 | Volume 11 | Article 908

https://doi.org/10.1016/j.pestbp.2005.05.006
https://doi.org/10.1016/j.pestbp.2005.05.006
https://doi.org/10.3389/fphys.2013.00359
https://doi.org/10.1016/j.micron.2007.07.005
https://doi.org/10.1016/j.micron.2014.04.010
https://doi.org/10.1016/j.micron.2014.04.010
https://doi.org/10.1016/j.pestbp.2008.01.003
https://doi.org/10.1016/j.pestbp.2008.01.003
https://doi.org/10.1016/0965-1748(94)00088-G
https://doi.org/10.1016/0965-1748(94)00088-G
https://doi.org/10.1080/10520295.2017.1379612
https://doi.org/10.1080/10520295.2017.1379612
https://doi.org/10.1006/pest.1996.0075
https://doi.org/10.1006/pest.1996.0075
https://doi.org/10.11648/j.ajqcms.20170101.13
https://doi.org/10.11648/j.ajqcms.20170101.13
https://doi.org/10.1016/j.chemosphere.2016.03.139
https://doi.org/10.1007/s10340-013-0485-y
https://doi.org/10.1007/s10340-013-0485-y
https://doi.org/10.1080/01483918408073988
https://doi.org/10.1016/j.tice.2016.06.007
https://doi.org/10.1016/j.tice.2016.06.007
https://doi.org/10.1016/j.pestbp.2013.08.002
https://doi.org/10.1016/j.pestbp.2011.10.006
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/physiology#articles

	Methanolic Extract of Winter Cherry Causes Morpho-Histological and Immunological Ailments in Mulberry Pyralid Glyphodes pyloalis
	Introduction
	Materials and Methods
	Insect Culture
	Methanolic Extraction of W. somnifera Seeds
	Development
	Nutrition
	Anti-feedant Bioassay
	Biochemical Assays
	Phenoloxidase Activity Assay
	Histology of Larval Midgut and Adult Ovary
	Total and Differential Hemocyte Count (THC and DHC)
	Phase Contrast Microscopy
	Statistical Analysis

	Results
	Effect of Methanolic W. somnifera Extract on Larval-Pupal-Adult and Fecundity of G. pyloalis
	Nutrition
	Enzymatic Assay
	Detoxifying Enzymes
	Energy Reserves
	Histology
	Midgut

	Immunological Effect
	Total Hemocyte Count (THC)
	DHC

	Morphology of Hemocytes
	Morphology, Histology and Energy Reserves of Ovaries

	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	References


