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Abstract 

In this search for affordable and locally available biological substances both to farmers and 
environment, an aqueous extract of Artemisia annua L. was investigated for the first time against the 
lesser mulberry pyralid, Glyphodes pyloalis Walker a serious pest in mulberry orchards. The LC10, 
LC30 and LC50 values were estimated 12.82 %, 20.6 % and 27.35 % (W/V) respectively. The extract 
adversely affected oviposition, impaired immunity through reduced granulocytes and phenoloxidase 
activity. The increased activity of detoxifying enzymes including esterases and glutathione S-
transferase (GST) were also observed. The enhanced antioxidant system including peroxidase (POX), 
catalase (CAT), glucose 6-phosphate dehydrogenase (GPDH) and superoxide dismutase (SOD) were 
also observed. The results of the present study may provide a very safe way to control this pest in 
mulberry orchard and  deserve further studies. 
 
Key Words: antioxidant enzymes; aqueous extract; Artemisia annua; detoxifying enzymes; immune response; 
oviposition 
 

 
Introduction 

 
Nowadays, increasing populations coupled with 

increased food demand has been resulted in a 
disaster for both human health and the surrounding 
environment (Sparks  and Lorbasch, 2017; Isman, 
2020; Ali et al., 2021); natural substances extracted 
from plants can be an alternative remedy to 
chemical pesticides (Isman, 2000; Govindarajan et 
al., 2016; Verma et al., 2021). Artemisia anuua, also 
known as sweet wormwood or annual wormwood, is 
a medicinal plant in many parts of the world and is 
now of great economic importance due to its 
biological activity against various pests (Khosravi et 
al., 2011; Seixas et al., 2018; Liu et al., 2019; 
Oftadeh et al., 2021). This plant has long been 
known in ancient Chinese medicine for its 
antimalarial activity of artemisinin against 
plasmodium (Meshnick et al., 1996; Tu, 2016; 
Salehi et al., 2018; Shahrajabian et al., 2020). 
Moreover, it is used to treat fever, summer heat 
wounds, jaundice, lice, scabies, tuberculosis, 
hemorrhoids, dysentery, while in Iran is used as an 
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antispasmodic, sedative remedy for children (Sadiq 
et al., 2014; Septembre-Malaterre et al., 2020; Feng 
et al., 2020; Trendafilova et al., 2021). The 
bioactivities of A. annua against pests have 
attracted the attention of many scientists, especially 
the research that has been done and focused in our 
laboratory since 2008 (Shekari et al., 2008; 
Hasheminia et al., 2011; Zibaee and Bandani, 
2011). 

The mulberry pyralid has become a major pest 
of mulberry plantations in orchards of northern Iran 
where the leaves are harvested for use in 
sericulture (Lalfelpuii et al., 2014). This insect is 
suspected as an intermediate host of densoviruses 
and picornavirus to the silkworm (Watanabe et al., 
1988). The use of chemical insecticides is strictly 
prohibited because the fresh leaves are provided 
daily to silkworm. Farmers have their plantations 
adjacent to their homes which this prevents the use 
of synthetic chemicals (Afraze et al., 2020; Oftade et 
al., 2020) and also breed domestic animals on a 
smaller scale. Therefore, they preferably do not use 
any chemical insecticide.  Therefore, plant-based 
products can be considered as a safe and 
inexpensive option for their health and that of 
domesticated animals.  

The immune system in insects includes cellular 
and humoral immune responses. Cellular immunity 
occurs with changes in hemocyte counts, coagulation, 
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Table 1 The LC values, from oral toxicity of A. annua aqueous extract on fourth instar larvae of G. pyloalis  
 

Aqueous 
extract 

Time* LC10 LC30 LC50 Slope ± SE 
X 2 

(df=3) 
P 

value 

Artemisia annua 48 12.82 (3.04 -18.98) 20.06 (9.40 - 27.06) 27.35 (18.13 - 39.15) 3.895 ± 0.577 5.348 1.761 

 
*48 h after treatments; LC: lethal concentration (% W/V for oral toxicity); x2: chi-square value; df: degrees of 
freedom 
 
 
 
 
 
micro accumulation, increased phenoloxidase 
enzyme activity and melanin formation around 
external factors. While in humeral immunity, 
antimicrobial peptides produced by fat body cells 
play an effective role in eliminating toxic (Hoffmann, 
2003; Beckage, 2011; Krautz et al., 2014; 
Dubovskiy et al., 2016; Baghban et al., 2018; 
Ebrahimi and Ajamhassani, 2020). Much research 
has been done on the use of plant pesticides, 
including extracts and essential oils of A. annua 
plant against insect immune system (Padmaja and 
Rao, 2000; Zibaee and Bandani, 2010; Ali and 
Ibrahim, 2018; Ramírez-Zamora et al., 2020; 
Oftadeh et al., 2020). In addition, antioxidant 
enzymes are considered as part of the immune 
response against causative agents (Beutler, 2004; 
Iwanaga and Lee, 2005). These enzymes are 
responsible for controlling ROS (Reactive oxygen 
species) produced by biotic and non-biotic stresses 
in insects (Pavlick et al., 2002; Kang et al., 2015; 
Nasi et al., 2020). ROS contains oxygen ions, free 
radicals, and organic and inorganic molecules. The 
activity of these molecules increases under the 
influence of external factors and causes damage to 
the structure of cells and tissues in the insects 
(Lyakhovich et al., 2006; Wan et al., 2014). The 
results obtained by many researchers show that the 
antioxidant system act as a defense mechanism 
against the production of ROS produced by external 
factors  (Dhivya et al., 2018; Lin et al., 2018; Manjula 
et al., 2020; Magierowicz et al., 2020).  

Various studies have shown a reasonable 
control by A. annua extracts and essential oils. 
However, the solvent or essential oil extractions are 
time consuming tasks. This is our first attempt to 
use the aqueous extract of this precious plant 
against the mulberry pyralid, which is easily 
available inside to meet the needs of farmers. In this 
way, it reduces the costs and environmental side 
effects of solvents. 
 
Materials and methods 
 
Insect rearing 

Different instar larvae of Glyphodes pyloalis 
were collected from infected mulberry orchards 
Rasht (37.1936° N, 49.6410° E.), northern Iran. The 
larvae were feed on fresh mulberry leaves (Ichinose 
Var.) at 24 ± 2 °C, 75 ± 5 % of relative humidity, and 
16:8 (L:D ) h photoperiod, in plastic boxes. Adults 
were kept in plastic receptacles (18 × 15 × 7 cm). 
Then a piece of cotton soaked in 10 % water and 

the honey solution was fed to the moths and fresh 
leaves were placed in containers to oviposition. 
 
Preparation of aqueous extract 

The leaves of A. annua were collected from the 
area around the Faculty of Agricultural Sciences, 
the University of Guilan, Rasht 37.1936° N, 
49.6410° E. Then leaves were boiled with a 
proportionate amount of distilled water for 1 h. After 
passing through a strainer, the resulting solution 
was placed in an oven at 50 °C for 48 h. Then the 
residue was mixed with distilled water and used as 
a stock and concentrations were made from it. 
 
Oral toxicity of aqueous extract of A. annua 

In order to determine the toxicity of the 
extraction on fourth instar lesser mulberry pyralid 
larvae, leaf disc immersion method was used 
(Horowitz et al., 2004). For this purpose, 5 
concentrations (10, 20, 30, 40 and 50 % W / V) of 
aqueous extract were evaluated. This experiment 
was performed with four replications and each 
replication with ten larvae.  The mortality was 
recorded after 48 h. The LC10, LC30 and LC50 were 
estimated using Polo-Plus (2002) software. 
 
Oviposition deterrence 

This experiment was performed using a choice 
bioassay. For this purpose, newly emerged adults 
were kept in the mating cage for 24 h and used for 
oviposition bioassay at next day. The oviposition 
cage consisted of a rectangular plastic container 
measuring (45 cm × 20 cm × 20 cm). At the top of 
the cage, there was a window (10 cm × 10 cm) 
covered with a piece of mesh cloth to release the 
moths inside. Four 30 cm long glass-plastic 
tunnels are attached to each wall of the cage. The 
opening of each tunnel was opened into the cage 
and the end is blocked with a small fan for air 
circulation. In this method, leaf discs treated with 
aqueous extract of A. annua and the control treated 
with distilled water were placed in each tunnel. Five 
female moths were mated and released into the 
cage. After 24 h, the leaves were collected and the 
number of eggs laid was counted. This experiment 
was performed with five replications and each 
replication with 5 moths. The Oviposition Deterrent 
Index (ODI) was calculated using the following 
formula (Huang and Renwick, 1994). 

ODI = Cn−Tn / Cn + Tn × 100 
Where, Cn and Tn represents number of eggs laid 
on control and treated leaves, respectively. 
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Table 2 Ovipositional responses of G. pyloalis females to different concentration of aqueous extracts of A. annua 
in choice bioassay 
 

Concentration Time* Control LC10 LC30 LC50 F P Df 

ODI 24 91.4 ± 3.044a 36.4 ± 6.738b 2.4 ± 1.197c 0c 277.40 0.0001 3,19 

 
*24 h after treatments; Means (±SE) followed by the same letters in a row indicate no significant difference (p < 
0.05) according to the Tukey test 
 
 
 
 
 
Immunological assay 
Total Hemocyte Count (THC) 

Hemolymph of fourth instar larvae were 
prepared from the first abdominal pro leg, after 24 
and 48 h. For THC a Neubauer hemocytometer 
(HBG, Germany) was used, Then 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).  
 
Differential hemocyte count (DHC) 

For this purpose, the first abdominal proleg was 
dissected and 5 μL of hemolymph was placed on to 
a clean slide and then smeared using another slide. 
After the smear was dried, the slide was stained 
using diluted Giemsa's stain (1:9) for 12 minutes. 
They were subsequently differentiated in dilute 
lithium carbonate solution for red staining structures 
and then in HCl acidified distilled water for blue 
staining structures. The slides were washed in 
distilled water and mounted in Canada balsam 
(Merck, Germany). Then counting 200 hemocytes 
randomly from 4 corners and a central part in the 
slides (Wu et al., 2016), these cells were identified 
based on morphological features under a 
microscope (Leica light-microscope) (Rosenberger 
and Jones, 1960).   
 
Phenoloxidase activity assay 

To measure phenoloxidase activity, the method 
of Catalan et al. (2012) was used with some 
modification. 10 μL of hemolymph was dissolved in 
90 μL of phosphate buffer and L-DOPA (3, 4- 
dihydroxyphenylalanine) (10 mM) was used as a 
substrate. The samples were centrifuged at 4 °C for 
5 minutes at 5000 rpm. 50 μL of the solution was 
mixed with 150 μL of the substrate. Enzyme 
activity was calculated per mg of hemolymph 
protein, which was also measured by the Lowry 
method (Lowry 1951). The specific activity of the 
enzyme was read at 490 nm with a micro plate 
reader. 
 
Enzymatic Assays 
Sample Preparation 

The 4th instar larvae were homogenized in 1 ml 
of ice-cold 50 mM PBS with 10 % glycerol. Sample 
mixtures were centrifuged at 13000 rpm for 15 min 
in 4 °C. The collected supernatant was used for the 
enzymatic assay. 

GST activity assay 
Glutathione S-transferase activity was 

measured using the method Habig et al. (1974) with 
two substrates of 1-chloro-2,4-dinitrobenzene 
(CDNB) and 3,4-dichloronitrobenzene (DCNB). 50 
μL of sample, 135 μL of phosphate buffer (pH 7), 50 
μL of reagent and 100 μL of reduced glutathione 
were mixed together. After 5 minutes of incubation 
at 25 °C, the absorbance was read at 340 nm. 
 
General esterase activity assay 

General esterase activity was measured 
according to the method of Han et al. (1998). The 
larval midgut was homogenized with 1000 µl of 0.1 
mM phosphate buffer and Triton x-100 (0.01 %), 
and centrifuged at 4 °C for 10 minutes. Then 10 μL 
of each substrate of alpha naphthyl acetate and 
beta naphthyl acetate (10 mM) separately with 5 μL 
of RR-Salt blue salt with 40 μL of phosphate buffer 
(20 mM) and 5 μL enzyme samples were mixed. 
After 5 minutes of incubation at 25 °C, the light 
absorption was read at 450 nm. 
 
CAT activity Assay 

The method of Wang et al. (2001) was used to 
measure the CAT activity. 500 microliters of 1 % 
hydrogen peroxide were added to 50 μL of sample 
(treated and control). The reaction mixture was 
incubated for 10 minutes at 28 °C. The absorbance 
was read at 240 nm. 
 
SOD activity Assay 

The method of McCord and Fridovich (1969), 
has been used to measure the SOD activity of 
treated and control larvae. 500 μL of SOD solution 
(70 μM NBT and 125 μM xanthine prepared in 
phosphate buffer (pH 7). Then, it was mixed with 
100 μL of xanthine oxidase solution including 100 
μL of xanthine oxidase (5.87 units/ml) and 10 mg of 
bovine serum albumin dissolved in 2 ml of PBS) 
were added to 50 μL of sample. The reaction 
mixture was. Incubated at 28 °C for 20 min in 
darkness. The absorbance was read at 560 nm. 
 
POX activity Assay 

50 μL of sample was added to 250 μL of 
buffered pyrogallol (0.05 M pyrogallol in 0.1 M 
phosphate buffer (pH 7.0)) (250 μL) and 250 μL of 
H2O2 (1 %). The absorbance was recorded for every 
30 s up to 2 minutes at 430 nm (Addy and 
Goodman, 1972).  
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GPDH activity Assay 
The procedure of Balinsky and Bernstein (1963) 

was adopted to calculate GPDH amount in treated 
and control larvae. We used 100 μL of Tris-HCl (100 
mM, pH 8.2), 50 μL of NADP (0.2 mM) and 30 μL of 
MgCl2 (0.1 M) were mixed to initiate the reaction. 
100 μL of GPDH (6 mM) was added to the mixture 
and OD raise was measured at 340 nm. 
 
Protein Assay 

Protein content was determined by the method 
of Lowry et al. (1951) and using Ziest Chem's 
biochemical kit (Ziest Chem. Co., Tehran-Iran). 100 
μL of reagent along with 20 μL of enzyme extracts 
were incubated at 25 °C for 30 minutes and the 
adsorption was read at 545 nm using a micro plate 
reader.  
 
Statistical analyses 

Determination of mortality and lethal 
concentrations were done by Polo-Plus (2002) 
software. The least significant among treatments 
were compared using Tukey analysis (SAS Institute, 
1997). Differences among means were considered 
to be significant at p ≤ 0.05. All the data in relation 
to immune system analyzed by T-test. 
 
Results 

 
Bioassay of A. annua aqueous extract on G. pyloalis 
larvae 

The aqueous extract of A. annua caused 
mortality in G. pyloalis larvae after 48 h. The LC50 
value was 27.35 % W/V. The rate of mortality in 
treated larvae was dose-dependent. The confidence 
limits (CL) and the slope of regression are shown in 
Table 1. 

 
Effect of A. annua aqueous extract on G. pyloalis 
oviposition 

The oviposition rate in female moths decreased 
significantly compared to the control after 1 d (F = 
277.40, df t,e = 3, 19, p = 0.0001) Table 2. 
 
 

 
 
Fig. 1 Total hemocyte count (THC) following 
treatment with LC30 with A. annua aqueous extract 
compared to control (C) in fourth instar larvae of G. 
pyloalis after 24 and 48 h. Statistical differences 
have been marked asterisks (p ≤ 0.05). According to 
a T-test 
 
 
 
Effect on THC and DHC  

The number of total hemocytes in treated larvae 
of G. pyloalis increased significantly after 24 h 
compared to the control (t = 7.03, df = 4,  p= 0.002) 
(Fig. 1), while no significant reduction was observed 
after 48 h (t = 2.34, df = 4, p = 0.079). The number 
of plasmatocyte (t = 2.95, df = 4, p = 0.041) and 
granulocyte (t = 2.82, df = 4, p = 0.047) followed the 
THC trend i.e. significantly increased after 24 h (Fig. 
2). Whereas a significant decrease in the number of 
granulocytes was detected compared to the control 
(t = 2.89, df = 4, p = 0.044) (Figs. 2). The activity of 
phenoloxidase increased significantly after 24 h (t = 
4.90, df = 4, p = 0.008) (Fig. 3), and the reduced 
activity was significant compared to the control at 48 
h (t = 3.31, df = 4, p = 0.029) (Fig. 3). 
 

 
 

 
 
Fig. 2 The effect of LC30 of A. annua aqueous extract on percentages of plasmatocytes and granular cells in G. 
pyloalis after 24 and 48 h. Statistical differences have been marked with asterisks (p ≤  0.05) according to T-test 
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Effect of A. annua aqueous extract on activity of 
detoxifying enzymes in G. pyloalis larvae 

General esterase activity in larvae treated with 
LC50 and LC30 aqueous extracts of A. annua 
increased after 24 and 48 h for both alpha and beta-
acetyl naphthalene as substrate Table 3. While no 
significant difference was observed between LC10 
and control. The overall results of the effect of A. 
annua aqueous extract on GST activity increased 
enzyme activity in treated larvae respectively (F = 
20.60, df t,e = 3, 8, p = 0.0004), (F = 20.35, df t,e = 3, 
8, p = 0.0004), (F = 24.47, df t,e = 3, 8, p = 0.0002) 
and (F = 34.99, df t,e = 3, 8, p = 0.0001) Table 3. 
The lowest activity was observed in the controls. 

 
Effect of A. annua aqueous extract on antioxidant 
enzymes of G. pyloalis larvae 

The antioxidant enzymes including PO, CAT, 
GPDH and SOD in the treated larvae at LC50 of A. 
annua aqueous extract after 24 and 48 h showed 
enhanced level of activity compared to control, while 
the LC30 and LC10 treated larvae given time showed 
no significant changes compared to control (Table 
4). 
 
Discussion 

 
Many plants with insecticidal properties should 

be considered worthy as insect control strategies 
due to the excellent availability, viability and cost-
effectiveness of plant resources (Idoko et al., 2020; 
Isman, 2020). Plant extracts, due to their 
biodegradable nature, are an environmentally 
friendly approach to pest control (Vurro et al., 2019; 
Damalas and Koutroubas, 2020). In this study, the 
aqueous extract of the A . annua leaves caused 
dose-dependent mortality in G. pyloalis larvae. 
Based on studies conducted by many researchers, 
it has been determined that the insecticidal activity 
of A. annua extract can be due to the presence of 

 
 
Fig. 3 The effect of LC30 of A. anuua aqueous 
extract on (PO) activity in G. pyloalis after 24 and 48 
h. Statistical differences have been marked 
asterisks (p ≤ 0.05) according to a T-test 
 
 
 
 
 
 
terpenes.  These compounds have insect repellent 
properties and also affect the insect biology as 
antifeedants, fumigants, ovicides and contact 
toxicants (Khosravi et al., 2010; Hasheminia et al., 
2011; Deb and Kumar 2019; Oftadeh et al., 2020). 
To investigate the repellent effects of A . annua 
aqueous extract, we measured the oviposition 
deterrent index. Based on results, the rate of 
oviposition in females decreased by increasing the 
concentration of the extract, this may be due to the 
presence of repellent compounds in the extract 
(Milano et al., 2010; Abdelgaleil et al., 2019; Couto 
et al., 2019; Vats et al., 2019).  
 
 

 
Table 3 Detoxifying enzyme activities in 4th instar larvae of G. pyloalis after treatment with A. annua aqueous 
extract 
 

Detoxifying 
enzymes 

Time* 
 Treatment   

p F Df 
Control LC10 LC30 LC50 

Glutathione 
S-transferase 

(DCNB) 

24 
48 

0.049 ± 0.0052c 
0.070 ± 0.0072c 

0.093 ± 0.0028b 
0.099 ± 0.0058bc 

0.101 ± 0.0048b 
0.102 ± 0.0057b 

0.127 ± 0.0047a 
0.151 ± 0.0080a 

0.0004 
0.0002 

20.60 
24.47 

3,11 

Glutathione 
S-transferase 

(CDNB) 

24 
48 

0.069 ± 0.0075c 
0.048 ± 0.0058c 

0.070 ± 0.0047bc 
0.074 ± 0.001b 

0.071 ± 0.0035b 
0.086 ± 0.0014b 

0.101 ± 0.0052a 
0.115 ± 0.0069a 

0.0001 
0.0004 

20.35 
34.99 

3,11 

α-naphtyl 
acetate 

24 
48 

0.038 ± 0.0069b 
0.039 ± 0.0043c 

0.039 ± 0.0062b 
0.041 ± 0.0036c 

0.068 ± 0.0024a 
0.070 ± 0.0046b 

0.074 ± 0.0056a 
0.091 ± 0.0040a 

0.0029 
0.0001 

11.45 
34.36 

3,11 

β-naphtyl 
acetate 

24 
48 

0.053 ± 0.0075b 
0.054 ± 0.0038c 

0.054 ± 0.0038b 
0.070 ± 0.0029bc 

0.073 ± 0.0060ab 
0.085 ± 0.0073ab 

0.093 ± 0.0057a 
0.100 ± 0.0071a 

0.0039 
0.0022 

10.39 
12.46 

3,11 

 
Unit: (U/mg protein); * 24 and 48 h after treatments; Means (±SE) followed by the same letters in a row indicate 
no significant difference (p < 0.05) according to the Tukey test 
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Table 4 Antioxidant enzyme activities in forth instar larvae of G. pyloalis after treatment with A. annua aqueous 
extract 
 

Antioxidant 
enzymes 

Time* 
 Treatment   

p F 

 

Control LC10 LC30 LC50 
Df 

POX 
24 
48 

0.001 ± 0.0003b 
0.001 ± 0.0001c 

0.001 ± 0.0003b 
0.002 ± 0.0002bc 

0.002 ± 0.0002ab 
0.003 ± 0.0004ab 

0.003 ± 0.0004a 
0.004 ± 0.0005a 

0.0087 
0.0007 

7.98 
17.39 

3,11 

CAT 
24 
48 

0.096 ± 0.0061c 
0.096 ± 0.0083c 

0.113 ± 0.0157bc 
0.132 ± 0.0061bc 

0.146 ± 0.0087ab 
0.167 ± 0.0122b 

0.182 ± 0.0109a 
0.218 ± 0.0116a 

0.0025 
0.0002 

11.91 
27.07 

3,11 

SOD 
24 
48 

0.032 ± 0.0009b 
0.033 ± 0.0010b 

0.033 ± 0.0022b 
0.042 ± 0.0025ab 

0.045 ± 0.0035a 
0.046 ± 0.0023a 

0.047 ± 0.0014a 
0.050 ± 0.0040a 

0.0022 
0.0080 

12.4 
18.18 

3,11 

GPDH 
24 
48 

0.060 ± 0.0019b 
0.061 ± 0.0022c 

0.061 ± 0.0036b 
0.061 ± 0.0020c 

0.068 ± 0.0036b 
0.075 ± 0.0021b 

0.083 ± 0.0019a 
0.092 ± 0.0022a 

0.0022 
0.0001 

12.44 
44.14 

3,11 

 
Unit: (ΔOD/min/mg protein);* 24and 48 h after treatments; Means (±SE) followed by the same letters in a row 
indicate no significant difference (p < 0.05) according to the Tukey test 
 
 
 
 

The effect A. annua extract on immune system 
of G. pyloalis larvae has been investigated. Innate 
immune system of insects is a major defense factor 
against pathogens and other external factors with 
important effect on insect survival. This system 
consists of two parts, cellular and humoral, which 
prevent the spread of infection (Mandrioli et al., 
2003; Malagoli et al., 2007). Cellular immunity 
includes phagocytosis, encapsulation and nodule 
formation through hemocytes and humoral immunity 
includes antimicrobial peptides and the 
prophenoloxidase system (Bulet and Stöcklin, 
2005). Given the role of hemocytes in insect cellular 
immune responses to external factors (Lavine and 
Strand, 2002), changes in their number significantly 
affect the ability of the immune system against 
invading organisms (Bergin et al., 2003). According 
to our results, the aqueous extract of A. annua 
increased THC as well as plasmatocytes and 
granulocytes after 24 h. There are many reports 
showing an increase in the total number of 
hemocytes affected by plant insecticides (Shaurub 
et al., 2014; El-Sheikh, 2016; Shaurub and Sabbour, 
2017; Ghoneim et al., 2018; Dhivya et al., 2018). In 
this study, based on differential hemocytes count, 
the percentage of granulocytes was significantly 
reduced compared to the control after 48 h. There 
are also same results reported by some authors 
(Azambuja et al., 1991; Suyog et al., 2012; Hassan 
et al., 2013; Er and Keskin, 2016; Asiri, 2017; Er et 
al., 2017; Manjula et al., 2020). Sharma et al. (2008) 
reported that rhizome extract of Acorus calamus 
caused morphological changes in plasmatocytes 
and granulocytes of Spodoptera littura larvae and 
reduced the differential hemocytes count in larvae. 
In other study, Zibaee and Bandani (2010) reported 
depression in THC, DHC, in Eurygaster integriceps 
fed on A. annua extract. Decreased insect 
hemocytes count can be due to the antimitotic 

effects of plant extracts (Huang et al., 2011). It has 
been reported that the insect hemocyte count are 
affected by the mitotic division of the circulating 
hemocytes (Er et al., 2010). The plant extract 
seems to disrupt hematopoietic organs and inhibits 
cell division and proliferation in which leads to 
decreased insect hemocytes. On the other hand, 
the cytotoxicity effect of some plant extract has also 
been reported (Ghoneim, 2018). This phenomenon 
may be another factor in hemocyte depression in G. 
pyloalis larvae that is treated by the extract of A. 
annua. Phenoloxidases are important factors in 
insect cellular system which are involved in the 
coagulation process of hemolymph, melanization 
processes in nodules and capsules, as well as, 
wound healing (Chapman, 2013). The activity of this 
enzyme increased in larvae treated with A. annua 
aqueous extract after 24 h. However, 48 h later, 
phenoloxidase activity was significantly reduced 
compared to the control. Some authors have 
reported reduced phenoloxidase activity in insects 
treated by plant extracts (Liu et al., 2009; Zibaee 
and Bandani, 2010; Zibaee and Bandani, 2012; 
Shayegan et al., 2019). The initial increase in the 
enzyme activity may be due to the insect immune 
response to the introduction of plant extract. It 
seems that decreased phenoloxidase activity after 
48 h of larval treatment is due to the cytotoxicity 
effect of the plant extract which disrupts hemocytes 
and is responsible for enzyme production. 

Esterases and glutathione S-transferase are 
two components that play important role in the 
detoxification process in insect. Due to their high 
substrate activity, these enzymes reduce the toxic 
effects of the compounds entering the insect body 
and eventually lead to resistance against pesticides 
(Alias, 2016). General esterases are type of 
hydrolase enzymes that breaks down many 
compounds, including aliphatic and aromatic esters, 
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choline esters and organophosphate (Ramsey et al., 
2010; Chapman, 2013). In this research, the activity 
of these enzymes increased significantly after 48 h 
at concentrations of LC30 and LC50 of A. annua 
aqueous extract which seems to be due to the 
excretion of compounds in the extract. Other studies 
have reported an increase in enzymes by some 
plant extracts (Senthil-Nathan, 2013; Yazdani et al., 
2013; Chen et al., 2019; Murfadunnisa et al., 2019; 
Wang et al., 2020). Glutathione S-transferase is an 
important enzyme in detoxification process and 
insect antioxidant systems. This enzyme is 
responsible for removing the products from lipid 
peroxidation and hydroperoxidase from cells (Park 
and Tak, 2016). 

Another part of the detoxification process is 
done by antioxidant enzymes. Enzymes such as 
SOD, POX, and CAT, in combination with other 
non-enzymatic antioxidants, are involved in the 
removal of toxic free radicals produced in response 
to exposure to toxic substances. (Nappi et al., 2005; 
Krych et al., 2014). The results show that the activity 
of CAT, SOD, GPDH and POX increased in G. 
pyloalis larvae treated by aqueous extract of A. 
annua. This increase was dose-dependent and may 
be due to the production of ROS in the insect body, 
which is produced under the influence of plant 
extracts in the body of herbivorous insects. The 
resultant oxidative stress activates the antioxidant 
system in the body of the insect (Chapman, 2013). 
Many studies have shown that the activity of these 
enzymes is increased by plant compounds (Xiong et 
al., 2016; Pandey and Singh 2017; Lin et al., 2018; 
Rahimi et al., 2018; Dhivya et al., 2018; 
Magierowicz et al., 2020). 

This study was conducted to control the 
disastrous mulberry pyralid in accordance with the 
provision of a safe, secure and cost-effective 
method, especially for ordinary farmers.  In this 
study, we showed that an aqueous extract of A. 
annua leaves not only causes moderate mortality in 
G. pyloalis larvae but also shows irreversible 
physiological changes that also increase the hope of 
its continued effectiveness. The physiological 
changes related to immune and antioxidant systems 
were severely affected. In addition, the reduction of 
oviposition rate in female moths is consistent with 
the repellence effect. Overall, an aqueous extract of 
A. annua deserves further attention as a safe and 
inexpensive method with a simple formulation that 
should be included in this context.  
 
Acknowledgement 

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

The present work was financially supported by 
Iran National Science Foundation (INSF) for the 
grant [98004522]. 
 
Reference 
Abdelgaleil S, A AL-Eryan M, EL-Minshawy A, G 

Gadelhak G, A Rabab R. Toxicity, 
developmental and histological effects of 
monoterpenes on peach fruit fly, Bactrocera 

zonata (Diptera: Tephritidae). J. Crop Prot. 8: 
339-349, 2019.  

Addy SK, Goodman RN. Polyphenol oxidase and 
peroxidase activity in apple leaves inoculated 
with a virulent or an avirulent starin of Erwinia 
amylovora. Indian Phytopathol. 25: 575-579, 
1972. 

Afraze Z, Jalali-Sendi J, Karimi-Malati A, Zibaee A. 
Methanolic Extract of Winter Cherry Causes 
Morpho-Histological and Immunological 
Ailments in Mulberry Pyralid Glyphodes 
pyloalis. Front Physiol. 11: 1-16, 2020. 

Ali AM, Ibrahim AM. Castor and camphor 
essential oils alter hemocyte populations and 
induce biochemical changes in larvae of 
Spodoptera littoralis (Boisduval) 
(Lepidoptera: Noctuidae). J. Asia Pac. 
Entomol. 21: 631-637, 2018. 

Ali S, Ullah MI, Sajjad A, Shakeel Q, Hussain A. 
Environmental and Health Effects of Pesticide 
Residues. J. Sustain. Agri. Rev.48: 311-336, 
2021. 

Alias Z. The role of glutathione transferases in the 
development of insecticide resistance. Insectic. 
Resist. 315: 315-331, 2016. 

Amaral IM, Neto JF, Pereira GB, Franco MB, 
Beletti ME, Kerr WE, et al. Circulating 
hemocytes from larvae of Melipona scutellaris 
(Hymenoptera, Apidae, Meliponini): Cell types 
and their role in phagocytosis. Micron. 41: 
123-129, 2010. 

Asiri BM. Bioinsecticides induce change in 
biochemical and immunological parameters of 
Spodoptera littoralis larvae. Chem. Biomol. 
Eng. 2: 106-112, 2017. 

Azambuja P, Garcia ES, Ratcliffe NA, Warthen Jr 
JD. Immune-depression in Rhodnius prolixus 
induced by the growth inhibitor, azadirachtin. J. 
Insect. Physiol. 37: 771-777, 1991. 

Baghban A, Jalali-Sendi J, Zibaee A. Effect of 
essential and non-essential elements on 
cellular immune system of cotton bollworm, 
Helicoverpa armigera Hübner (Lepidoptera: 
Noctuidae). Invertebr. Surviv. J. 15: 158-168, 
2018. 

Balinsky D, Bernstein RE. The purification and 
properties of glucose-6-phosphate 
dehydrogenase from human erythrocytes. 
Biochim. Biophys. Acta (BBA)-Specialized 
Section on Enzymological Subjects. 67: 313-
315, 1963. 

Beckage NE, editor. Insect immunology. Academic 
press. 2011. 

Bergin D, Brennan M, Kavanagh K. Fluctuations in 
haemocyte density and microbial load may be 
used as indicators of fungal pathogenicity in 
larvae of Galleria mellonella. Microb Infect. 5: 
1389-1395, 2003. 

Beutler B. Innate immunity: an overview. Mol. 
Immunol. 40: 845-859, 2004. 

Bulet P, Stocklin R. Insect antimicrobial peptides: 
structures, properties and gene regulation. 
Protein Peptide Lett. 12: 3-11, 2005. 

Catalan TP, Wozniak A, Niemeyer HM, Kalergis 
AM, Bozinovic F. Interplay between thermal and 
immune ecology: effect of environmental 
temperature on insect immune response and 



82 

energetic costs after an immune challenge. J. 
Insect Physiol. 58: 310-317, 2012. 

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

Chen S, Elzaki ME, Ding C, Li ZF, Wang J, Zeng 
RS, et al. Plant allelochemicals affect tolerance 
of polyphagous lepidopteran pest Helicoverpa 
armigera (Hübner) against insecticides. Pestic 
Biochem Physiol.154: 32-38, 2019. 

Couto IF, Verza S, Valente FI, Senna B, Souza SA, 
Mauad M, et al. Botanical Extracts of the 
Brazilian Savannah Affect Feeding and 
Oviposition of Plutella xylostella (Linnaeus, 
1758)(Lepidoptera: Plutellidae). J. Agri. Sci. 11: 
322-333, 2019. 

Damalas CA, Koutroubas SD. Botanical Pesticides 
for Eco‐Friendly Pest Management: 
Drawbacks and Limitations. Pesticides in Crop 
Production: Physiol. Biochem. Act. 181-193, 
2020. 

Deb M, Kumar D. Chemical Composition and 
Bioactivity of the Essential Oils Derived from 
Artemisia Annua Against the Red Flour Beetle. 
Biosci. Biotechnol. Res. Asia. 16: 463-476, 
2019. 

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

Dubovskiy IM, Grizanova EV, Whitten MM, 
Mukherjee K, Greig C, Alikina T, et al. Immuno-
physiological adaptations confer wax moth 
Galleria mellonella resistance to Bacillus 
thuringiensis. Virulence. 7: 860-870, 2016. 

Ebrahimi M, Ajamhassani M. Investigating the effect 
of starvation and various nutritional types on the 
hemocytic profile and phenoloxidase activity in 
the Indian meal moth Plodia interpunctella 
(Hübner) (Lepidoptera: Pyralidae). Invertebr. 
Surviv. J. 7: 175-185, 2020. 

El-Sheikh TM, Al-Fifi ZI, Alabboud MA. 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, 
2016. 

Er A, Taskıran D, Sak O. Azadirachtin-induced 
effects on various life history traits and cellular 
immune reactions of Galleria mellonella 
(Lepidoptera: Pyralidae). Arch. Biol. Sci.69: 
335-344, 2017. 

Er A, Keskin M. Influence of abscisic acid on the 
biology and hemocytes of the model insect 
Galleria mellonella (Lepidoptera: Pyralidae). 
Ann. Entomol. Soc. 109: 244-251, 2016. 

Er A, Uckan F, Rivers DB, Ergın E, Sak O. Effects 
of parasitization and envenomation by the 
endoparasitic wasp Pimpla turionellae 
(Hymenoptera: Ichneumonidae) on hemocyte 
numbers, morphology, and viability of its host 
Galleria mellonella (Lepidoptera: Pyralidae). 
Ann. Entomol. Soc. 103: 273-282, 2010. 

Feng X, Cao S, Qiu F, Zhang B. Traditional 
application and modern pharmacological 
research of Artemisia annua L. Pharmacol. 
Therape. 216: 107650, 2020. 

Ghoneim K. Disturbed hematological and 
immunological parameters of insects by 
botanicals as an effective approach of pest 
control: A review of recent progress. South 
Asian J. Biol. Res. 1: 112-144, 2018. 

Govindarajan M, Rajeswary M, Hoti SL, Benelli G. 
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, 2016. 

Habig WH, Pabst MJ, Jakoby WB. Glutathione S-
transferases: the first enzymatic step in 
mercapturic acid formation. J. biol. Chem. 249: 
7130-7139, 1974. 

Han Z, Moores GD, Denholm I, Devonshire AL. 
Association between biochemical markers and 
insecticide resistance in the cotton Aphid, Aphis 
gossypii Glover. Pestic. Biochem. Physiol. 62: 
164-171, 1998. 

Hasheminia SM, Jalali-Sendi J, Jahromi KT, 
Moharramipour S. 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, 2011. 

Hassan HA, Bakr RF, El-Bar A, Marah M, Nawwar 
GA, Elbanna HM. Changes of cotton leaf worm 
haemocytes and esterases after exposure to 
compounds derived from urea and rice straw. 
Egypt. Acad. J. Biol. Sci. C, Physiol. Mol. Biol. 
5: 35-48, 2013. 

Hoffmann JA. The immune response of Drosophila. 
Nature. 426: 33-38, 2003. 

Horowitz AR, Kontsedalov S, Ishaaya, I. Dynamics 
of resistance to the neonicotinoids acetamiprid 
and thiamethoxam in Bemisia tabaci 
(Homoptera: Aleyrodidae). J. Econ. Entomol. 
97: 2051-2056, 2004. 

Huang JF, Shui KJ, Li HY, Hu MY, Zhong GH. 
Antiproliferative effect of azadirachtin A on 
Spodoptera litura Sl-1 cell line through cell 
cycle arrest and apoptosis induced by up-
regulation of p53. Pestic. Biochem. physiol. 99: 
16-24, 2011. 

Huang XP, Renwick JA, Chew FS. Oviposition 
stimulants and deterrents control acceptance of 
Alliaria petiolata by Pieris rapae and P. napi 
oleracea. Chemoecology, 5: 79-87, 1994. 

Idoko JE, Ileke KD. Comparative evaluation of 
insecticidal properties of essential oils of some 
selected botanicals as bio-pesticides against 
Cowpea bruchid, Callosobruchus maculatus 
(Fabricius) [Coleoptera: Chrysomelidae]. Bull. 
Natl. Res. Cent.nal Research Centre. 44: 1-7, 
2020. 

Isman MB. Botanical insecticides in the twenty-first 
century-fulfilling their promise?. Annu. Rev. 
Entomol. 65: 233-249, 2020. 

Isman MB. Plant essential oils for pest and disease 
management. J. Crop Prot.19: 603-608, 2000. 



83 

Iwanaga S, Lee BL. Recent advances in the innate 
immunity of invertebrate animals. BMB Reports. 
38: 128-150, 2005. 

Kang T, Wan H, Zhang Y, Shakeel M, Lu Y, You H, 
et al. Comparative study of two thioredoxins 
from common cutworm (Spodoptera litura): 
Cloning, expression, and functional 
characterization. Comparative Biochemistry and 
Physiology Part B: Biochem. Mol. Biol. 182: 47-
54, 2015. 

Khosravi R, Jalali-Sendi J, Ghadamyari M, Yezdani 
E. 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, 1-13, 2011. 

Khosravi R, Jalali-Sendi J, Ghadamyari M. Effect of 
Artemisia annua L. on deterrence and 
nutritional efficiency of lesser mulberry pyralid 
(Glyphodes pylolais Walker) (Lepidoptera: 
Pyralidae). J. Plant. Protect. Res. 50: 423-428, 
2010. 

Krautz R, Arefin B, Theopold U. Damage signals in 
the insect immune response. Front. Plant Sci. 
5: 1-11, 2014. 

Krych J, Gebicki JL, Gebicka L. Flavonoid-induced 
conversion of catalase to its inactive form-
Compound II. Free Radic. Res. 48: 1334-1341, 
2014. 

Lalfelpuii R, Choudhury BN, Gurusubramanian G, 
Kumar NS. Effect of different mulberry plant 
varieties on growth and economic parameters 
of the silkworm Bombyx mori in Mizoram. Sci. 
Vis. 14: 34-38, 2014. 

Lavine MD, Strand MR. Insect hemocytes and their 
role in immunity. Insect biochem. mol. biol. 32: 
1295-1309, 2002. 

Lin S, Chen Y, Bai Y, Cai H, Wei H, Tian H, et al. 
Effect of tea saponin-treated host plants on 
activities of antioxidant enzymes in larvae of the 
diamondback moth Plutella xylostella 
(Lepidoptera: Plutellidae). Environ. entomol. 47: 
749-754, 2018. 

Lin T, Liu Y, Lai C, Yang T, Xie J, Zhang Y. The 
effect of ultrasound assisted extraction on 
structural composition, antioxidant activity and 
immunoregulation of polysaccharides from 
Ziziphus jujuba Mill var. spinosa seeds. Ind. 
Crops Prod. 125: 150-159, 2018. 

Liu H, Guo SS, Lu L, Li D, Liang J, Huang ZH, et 
al. Essential oil from Artemisia annua aerial 
parts: composition and repellent activity 
against two storage pests. Nat. Prod. Res. 5: 
1-4, 2019. 

Liu W, Xiao T, Xue C, Yang F, Luo W. Inhibitory 
effects of two compounds extracted from 
Daphniphyllum calycinum on phenoloxidase of 
Spodotera exigua. Sci. Agri. Sin. 42: 3720-
3725, 2009. 

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. 
Protein measurement with the Folin phenol 
reagent. J. biol. chem. 193: 265-275, 1951. 

Lyakhovich VV, Vavilin VA, Zenkov NK, 
Menshchikova EB. Active defense under 
oxidative stress. The antioxidant responsive 
element. Biochem. (Moscow). 71: 962-974, 
2006. 

Magierowicz K, Górska-Drabik E, Sempruch C. The 
effect of Tanacetum vulgare essential oil and its 
main components on some ecological and 
physiological parameters of Acrobasis 
advenella (Zinck.) (Lepidoptera: Pyralidae). 
Pestic. Biochem. Physiol. 162: 105-112, 2020. 

Malagoli D, Conklin D, Sacchi S, Mandrioli M, 
Ottaviani E. A putative helical cytokine 
functioning in innate immune signalling in 
Drosophila melanogaster. Biochim Biophys 
Acta Gen Subj. 1770: 974-978, 2007. 

Mandrioli M, Bugli S, Saltini S, Genedani S, 
Ottaviani E. Molecular characterization of a 
defensin in the IZD-MB-0503 cell line derived 
from immunocytes of the insect Mamestra 
brassicae (Lepidoptera). Biol. Cell. 95: 53-57, 
2003. 

Manjula P, Lalitha K, Vengateswari G, Patil J, 
Nathan SS, Shivakumar MS. Effect of Manihot 
esculenta (Crantz) leaf extracts on antioxidant 
and immune system of Spodoptera litura 
(Lepidoptera: Noctuidae). Biocatal. Agric. 
Biotechnol. 23: 1-9, 2020. 

McCord JM, Fridovich I. Superoxide dismutase: an 
enzymic function for erythrocuprein 
(hemocuprein). J. Biol. Chem. 244: 6049-6055, 
1969. 

Meshnick SR, Taylor TE, Kamchonwongpaisan S. 
Artemisinin and the antimalarial endoperoxides: 
from herbal remedy to targeted chemotherapy. 
Microbiol. Rev. 60: 301-315, 1996. 

Milano P, Berti Filho E, Parra JR, Oda ML, Cônsoli 
FL. Effects of adult feeding on the reproduction 
and longevity of Noctuidae, Crambidae, 
Tortricidae and Elachistidae species. Neotrop. 
Entomol. 39: 172-180, 2010. 

Murfadunnisa S, Vasantha-Srinivasan P, Ganesan 
R, Senthil-Nathan S, Kim TJ, Ponsankar A, et 
al. 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: 
101324, 2019. 

Nappi AJ. Christensen BM. Melanogenesis and 
associated cytotoxic reactions: applications to 
insect innate immunity. Insect Biochem. Mol. 
biol. 35: 443-459, 2005. 

Nasi A, McArdle S, Gaudernack G, Westman G, 
Melief C, Rockberg J, et al. Reactive oxygen 
species as an initiator of toxic innate immune 
responses in retort to SARS-CoV-2 in an 
ageing population, consider N-acetylcysteine as 
early therapeutic intervention. Toxicol. Reports. 
7: 768-771, 2020. 

Oftadeh M, Jalali-Sendi J, Ebadollahi A. Biologically 
active toxin identified from Artemisia annua 
against lesser mulberry pyralid, Glyphodes 
pyloalis. Toxin Rev. 26: 1-9, 2020. 

Oftadeh M, Jalali-Sendi J, Ebadollahi A. Toxicity 
and deleterious effects of Artemisia annua 
essential oil extracts on mulberry pyralid 
(Glyphodes pyloalis). Pestic. Biochem. 
Physiol.170: 104702, 2020. 

Oftadeh M, Jalali Sendi J, Ebadollahi A, Ebadollahi 
A, Setzer WN, Krutmuang P. Mulberry 
Protection through Flowering-Stage Essential 



84 

Oil of Artemisia annua against the Lesser 
Mulberry Pyralid, Glyphodes pyloalis Walker. 
Foods. 10: 1-15, 2021. 

Padmaja PG, Rao PJ. Effect of plant oils on the total 
haemocyte count (THC) of final instar larvae of 
Helicoverpa armigera Hübner. Pestic. Res. J. 
12: 112-116, 2000. 

Pandey AK, Singh P. The genus Artemisia: A 2012–
2017 literature review on chemical composition, 
antimicrobial, insecticidal and antioxidant 
activities of essential oils. Medicines. 4: 1-68, 
2017. 

Park YL, Tak JH. Essential oils for arthropod pest 
management in agricultural production systems. 
In Essential oils in food preservation, flavor and 
safety. 61-70, 2016. 

Pavlick KP, Laroux FS, Fuseler J, Wolf RE, Gray L, 
Hoffman J, et al. Role of reactive metabolites of 
oxygen and nitrogen in inflammatory bowel 
disease. Free Radic. Biol. Med. 33: 311-322, 
2002. 

Rahimi V, Hajizadeh J, Zibaee A, Jalali-Sendi J. 
Toxicity and physiological effects of an 
extracted lectin from Polygonum persicaria L. 
on Helicoverpa armigera (Hübner) 
(Lepidoptera: Noctuidae). Physiolo. Mol. plant 
Pathol. 101: 38-44, 2018. 

Ramírez-Zamora J, Salinas-Sánchez DO, 
Figueroa-Brito R, Ramos-López MÁ, 
Castañeda-Espinoza JD, Flores-Macías A. 
Botanical extracts from Dodonaea viscosa 
(Sapindales: Sapindaceae) reduce hemocyte 
counts from Spodoptera exigua (Lepidoptera: 
Noctuidae) with potential insecticidal 
synergism with Isaria fumosorosea 
(Hypocreales: Cordycipitaceae). Biocontrol Sci 
Technol. 30: 1365-1376, 2020. 

Ramsey JS, Rider DS, Walsh TK, De Vos M, 
Gordon KH, Ponnala L, et al. Comparative 
analysis of detoxification enzymes in 
Acyrthosiphon pisum and Myzus persicae. 
Insect mol. biol. 19: 155-164, 2010. 

Rosenberger CR, Jones JC. Studies on total blood 
cell counts of the southern armyworm larva, 
Prodenia eridania (Lepidoptera). Ann. Entomol. 
Soc. 53: 351-355, 1960. 

Sadiq A, Hayat MQ, Ashraf M. Ethnopharmacology 
of Artemisia annua L.: A review. Artemisia 
annua- Pharm. Biotechnol. 9-25, 2014. 

Salehi M, Karimzadeh G, Naghavi MR, Badi HN, 
Monfared SR. Expression of artemisinin 
biosynthesis and trichome formation genes in 
five Artemisia species. Ind Crops Prod. 112: 
130-140, 2018. 

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

Seixas PT, Demuner AJ, Alvarenga ES, Barbosa 
LC, Marques A, Farias ED, et al. Bioactivity of 
essential oils from Artemisia against Diaphania 
hyalinata and its selectivity to beneficial insects. 
Sci. Agri. 75: 519-525, 2018. 

Senthil-Nathan S. Physiological and biochemical 
effect of neem and other Meliaceae plants 
secondary metabolites against Lepidopteran 
insects. Front. Physiol. 4: 35-39, 2013. 

Septembre-Malaterre A, Lalarizo Rakoto M, 
Marodon C, Bedoui Y, Nakab J, Simon E, et al. 

Artemisia annua, a Traditional Plant Brought to 
Light. Int. J. Mol. Sci. 21: 49-86, 2020. 

Shahrajabian MH, Wenli SU, Cheng Q. Exploring 
Artemisia annua L., artemisinin and its 
derivatives, from traditional Chinese wonder 
medicinal science. Not Bot Horti Agrobot Cluj 
Napoca. 48: 1719-1741, 2020. 

Sharma PR, Sharma OP, Saxena BP. Effect of 
sweet flag rhizome oil (Acorus calamus) on 
hemogram and ultrastructure of hemocytes of 
the tobacco armyworm, Spodoptera litura 
(Lepidoptera: Noctuidae). Micron. 39: 544-551, 
2008. 

Shaurub EH, Sabbour MM. Impacts of pyriproxyfen, 
flufenoxuron and acetone extract of Melia 
azedarach fruits on the haemogram of the black 
cutworm, Agrotis ipsilon (Hufnagel) 
(Lepidoptera: Noctuidae). Adv Agric. Sci. 5: 1-9, 
2017. 

Shaurub ES, Abd El-Meguid A, Abd El-Aziz NM. 
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, 2014. 

Shayegan D, Jalali-Sendi J, Sahragard A, Zibaee A. 
Immunological and antioxidant responses of 
larval Helicoverpa armigera (Lepidoptera: 
Noctuidae) to gibberellic acid in the diet. 
Invertebr. Surviv. J. 28: 48-59, 2019. 

Shekari M, Jalali-Sendi J, Etebari K, Zibaee A, 
Shadparvar A. 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, 2008. 

Sparks TC, Lorsbach BA. Perspectives on the 
agrochemical industry and agrochemical 
discovery. Pest Manag. Sci. 73: 672-677, 2017. 

Suyog P, Pandey JP, Tiwari RK. Effect of some 
botanicals on hemocytes and molting of Papilio 
demoleus larvae. J. Entomol. 9: 23-31, 2012. 

Trendafilova A, Moujir LM, Sousa P, Seca AM. 
Research Advances on Health Effects of 
Edible Artemisia Species and Some 
Sesquiterpene Lactones Constituents. Foods. 
10: 1-65, 2021. 

Tu Y. Artemisinin-a gift from traditional Chinese 
medicine to the world (Nobel lecture). Angew. 
Chem. Int. 55: 10210-10226, 2016. 

Vats TK, Rawal V, Mullick S, Devi MR, Singh P, 
Singh AK. Bioactivity of Ageratum conyzoides 
(L.)(Asteraceae) on feeding and oviposition 
behaviour of diamondback moth Plutella 
xylostella (L.)(Lepidoptera: Plutellidae). Int. J. 
Trop. Insect Sci. 39: 311-318, 2019. 

Verma DK, Guzmán KN, Mohapatra B, Talukdar D, 
Chávez-González ML, Kumar V, et al. Recent 
Trends in Plant-and Microbe-Based Biopesticide 
for Sustainable Crop Production and 
Environmental Security. In Recent Developments 
in Microbial Technologies. 1-37, 2021. 

Vurro M, Miguel‐Rojas C, Pérez‐de‐Luque A. Safe 
nanotechnologies for increasing the 
effectiveness of environmentally friendly natural 



85 

agrochemicals. Pest Manag. Sci. 75: 2403-
2412, 2019. 

Wan H, Kang T, Zhan S, You H, Zhu F, Lee KS, et 
al. Peroxiredoxin 5 from common cutworm 
(Spodoptera litura) acts as a potent antioxidant 
enzyme Comp. Biochem. Physiol. Part B: 
Biochem. Mol. Biol. 175: 53-61, 2014. 

Wang Y, Huang X, Chang BH, Zhang Z. Growth 
Performance and Enzymatic Response of the 
Grasshopper, Calliptamus abbreviatus 
(Orthoptera: Acrididae), to Six Plant-Derived 
Compounds. J. Insect Sci. 20: 1-14, 2020. 

Wang Y, Oberley LW, Murhammer DW. Evidence of 
oxidative stress following the viral infection of 
two lepidopteran insect cell lines. Free Radic. 
Biol. Med. 31: 1448-1455, 2001. 

Watanabe H, Kurihara Y, Wang YX, Shimizu T. 
Mulberry pyralid, Glyphodes pyloalis: Habitual 
host of nonoccluded viruses pathogenic to the 
silkworm, Bombyx mori. J. invertebr. pathol. 52: 
401-408, 1988. 

Wu G, Liu Y, Ding Y, Yi Y. 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, 2016. 

Xiong X, Yao M, Fu L, Ma ZQ, Zhang X. The 
botanical pesticide derived from Sophora 

flavescens for controlling insect pests can also 
improve growth and development of tomato 
plants. Ind Crops Prod. 92: 13-18, 2016. 

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

Zibaee A, Bandani, AR. A study on the toxicity of a 
medicinal plant, Artemisia annua L. 
(Asteracea) extracts to the sunn pest, 
Eurygaster integriceps Puton (Hemiptera: 
Scutelleridae). J. Plant Protec. Res. 50: 79-85, 
2010. 

Zibaee A, Bandani, AR. Effects of Artemisia annua 
L. (Asteracea) on the digestive enzymatic 
profiles and the cellular immune reactions of 
the Sunn pest, Eurygaster integriceps 
(Heteroptera: Scutellaridae), against 
Beauveria bassiana. Bull. Entomol. Res.100: 
185-196, 2010. 

Zibaee A, Bandani AR, Malagoli D. 
Methoxyfenozide and pyriproxifen alter the 
cellular immune reactions of Eurygaster 
integriceps Puton (Hemiptera: Scutelleridae) 
against Beauveria bassiana. Pestic. Biochem 
Physiol. 102: 30-37, 2012. 

 


