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Abstract

The relative levels of glutathione antioxidant system
in gut tissues of 5" larval instar and males of Hermetia
illucens insect which injected with different concentration
of malathion (0, 0.005,0.01, 0.015 and 0.02 %) were
studied. The activity of glutathione peroxidase (GPx)
in gut homogenate tissues increase gradually from 0 %
concentration till 0.015 % malathion concentration in 5%
instar larval insect. Also, the results reveled that there was
a significant increase about 15 and 40 % increase at 0.01
% concentration in both 5" instar, and male adult insect
respectively, with respect to 0% injected malathion. The
highest values of Gluthione S-transferase antioxidant
enzyme activity occurred at 0.005 and 0.02 % injected
malathion with respect to 0% concentration in both
5% larval instar, and male adult of H. illucens insect,

respectively.
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Introduction

To The Black Soldier Fly (BSF) is a cosmopolitan fly and tropical
species with environmental potential impact for the processing
of various organic waste and byproducts [1, 2]. However, under
various types of environmental stresses, e.g. Under relatively
low or high temperatures, oxidative damage can occur in
organisms and lead to oxidative stress [3]. The antioxidant
defense is primarily constituted by the enzymatic actions of
Glutathione S-transferase (GST), catalase (CAT), superoxide
dismutase (SOD), glutathione peroxidase (GPX), glutathione
reductase (GR) and ascorbate peroxidase. In all the tissues
of the insects and the digestive tract, the non-enzymatic and
enzymatic antioxidants are used to defend the oxidative stress.
The antioxidant enzymes of Drosophila are reduced glutathione
(GSH), glutathione reductase (GR), Glutathione S-transferase
(GST), catalase (CAT), superoxide dismutase (SOD) disulfide

reductase and methionine sulfoxide reductase (MSR) [4, 5].

The reactive Oxygen species (ROS) produce from organisms
exposure to the different xenobiotics and pollutants. The cell
membrane lipid peroxidation and oxidative stress is resulted from
increases ROS formation after insecticide fipronil treatment [6, 7,
8]. Therefore, this study aims to investigate antioxidant system
of Hermetia illucens as a result of organophosphates insecticide

(malathion) treatment.
Materials and Methods

Black solider fly, Hermetia illucens were gained from Entomology
Department, Faculty of Science, Cairo University, with its kitchen
waste food was supplied from household within Giza government,
Egypt. Insects were divided into larval group and adult group
each group set was divided into 5 subgroups which represented
to 0, 0.005, 0.01, 0.015, 0.02 % malathion concentration injection
application with a time of 30 min post injection for circulation.
For each experimental subgroup, 50 insects pool of 5" instar and
adult of H. illucens were dissected to isolate gut tissues for further

analysis and were stored at —20 °C until use.

The gut tissue extracted from each experimental subgroup
were homogenized using mortar in ice-cold PBS pH=7.0 and
centrifuged at 1000 rpm and the supernatant was ready to be
used. The activity of glutathione peroxide (GPx) was determined
according to with slight modifications. The following reagents
mixture was 0.1 ml EDTA, 0.1 ml sodium azide, 0.1 ml reduced
glutathione (GSH), 0.1 ml H,O,, and 1.5 ml of the supernatant,

then the mixture was incubated for 10 minutes at 37 °C, and 1 ml

of 10% trichloroacetic acid was added and centrifuged at 1730 g
for 5 minutes at room temperature. The supernatant was mixed
with 1.5 ml Na,HPO, (pH 7.5) and 0.3 ml 5, 5’-Diothio bis-2-
nitrobenzoic acid (DTNB) just before measuring the absorbance
at 420 nm. The activity of GPx was expressed as OD/mg protein/

min.

The activity of GR was determined according [9] with the
following minor modifications. The reaction mixture contained
1750 ul oxidized glutathione (GSSG), 175 pl potassium phosphate
buffer (50 mM, pH =7.5), 875 ul DTNB, 175 ul NADPH, and 350
ul supernatant. The absorbance was measured at 420nm, and the

GR activity was expressed as OD/mg protein/min.

The activity of GST was determined according to method of [10]
with minor modification. The reaction mixture contained 0.1 ml
of supernatant, and 0.9 ml of the following mixture (882 ul PBS
pH 7.0, 9 ul CDNB and 9 pl GSH). The absorbance was measured
at 340 nm. G-S-T activity was expressed in OD/mg protein/min.
All protein concentrations from all samples were measured

according to [11], with bovine serum albumin as a standard.

Statistical analysis of all glutathione system sample analysis were
done as a parametric test, which was performed using a one-way
analysis of variance (ANOVA, Tukey's-b test, p < 0.05), and were
presented as mean + SE. Correlations between the concentration
of malathion and the glutathione antioxidant system results (GPx,
GR, and G-S-T) were performed based on Pearsons regression
analysis using multiple regression models. Hierarchical Cluster
Analysis (HACA) based on agglomerative statistics using
Ward's Method was calculated for all glutathione antioxidant
system. The goal of HACA is to find possible clusters or groups
among the observational units, based on level of similarities and
differentiations [12]. At each stage, the average similarity of the
cluster is measured. While, the difference between each case
within a cluster and that average similarity is calculated. Principle
component analysis (PCA) is a data analysis technique that used
as pattern seeker of data by using algorithm concept. All statistical
analyses were performed using IBM SPSS Statistics for Windows
(Version 17.0. Armonk, NY: IBM Corp.).

Results and Discussion

The relative levels of glutathione antioxidant system in 5" larval
instar and male's of Hermetia illucens insect which injected with
different concentration of malathion (0,0.005,0.01,0.015and 0.02
%) were shown in Fig la-c. The activity of glutathione peroxidase

(GPx) in gut homogenate tissues increase gradually from 0 %
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concentration till 0.015 % malathion concentration in 5" instar
larval insect. Also, the results reveled that there was a significant
increase about 15, 40 % increase at 0.01 % concentration in both
5% instar and male adult insect respectively, with respect to 0%

injected malathion (Fig. 1a).

[13] showed that various concentrations of boric acid (BA) led
to increase of Gluthione S-transferase (GST) activity. Within
various organs exposed to BA and borax, the levels of antioxidant

enzymes differ [14].

The results showed that, glutathione reductase antioxidant
enzymes (Fig. 1b) were not significantly difference between 0,
0.005, 0.01 and 0.02 % of injected malathion into 5% larval instar
of H. illucens. However, there was a significant increase among
0, 0.015, and 0.02% of injected malathion into male adults H.
illucens. The highest values of GST antioxidant enzyme activity
occurred at 0.02, and 0.005 % injected malathion with respect to
0% concentration in both 5" larval instar, and male adult of H.

illucens insect, respectively. (Figure 1c).
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Figure 1: Activity of glutathione antioxidant system, which included glutathione peroxidase (GPx) (a), glutathione reductase

(GR) (b), and glutathione-s-transferase (G-S-T) (c) expressed as mean, and standard error (Mean + SE) of each enzyme activity,

obtained from gut homogenates of 5th larval instar and adult of Hermetia illucens injected with different concentration of

malathion (0, 0.005,0.01, 0.015, and 0.02) %.

The stress caused by xenobiotics is affected with values of
the peroxidation and enzymatic activity parameters [15].
Indoxacarb affected the activities of the total amount of free SH
groups, GPx and GST while chlorantraniliprole significantly
affected the activities of GST, SOD, CAT and the total amount
of free SH groups, as well as chlorantraniliprole+lambda
cyhalothrin affected the activities of the total amount of free
SH groups, CAT and GST [16]

The principal component analysis (PCA) were showed in Fig.
2. This results related to 5% instar larval, and male adult stage
of glutathione antioxidant system (glutathione peroxidase
(GPx), (GR),
transferase (G-S-T) of Hermetia illucens injected with different
concentration of malathion (0, 0.005,0.01, 0.015 and 0.02) %.
The analysis variance-covariance relation showed that a high

glutathione reductase and glutathione-s-

variability in terms of glutathione antioxidant system regarding
to concentration of injected malathion. The first component
demonstrated that was a significance relationship, also eigen
value tends to be depend on 2 variables which were classified

into first component and second component.

A cluster analysis using Ward’s method revealed slightly
dissimilar patterns for 5" instar larval , and male adult

insect, however, the similar general tendency (Fig 3a-b). The

glutathione enzymatic response (GPx, GR, and G-S-T) was had
a separate loop in case of 0, 0.005, 0.01, 0.02 % of malathion
in the gut homogenates of 5" larval insects. However, in gut
male's insect, the glutathione antioxidant response, had a
great similarity between 0.015, and 0.02 % injected malathion
concentration, also it had a separated cluster between 0, 0.005,
0.01 % injected malathion (Figure 3b).

Assessment of the overall relationship among concentration
of malathion injected (0, 0.005, 0.01, 0.015 and 0.02) % of
malathion and mean activity of glutathione antioxidant
system (GPx, GR, and G-S-T) in gut tissues of 5th instar
larval and male adult of H. illucens were performed. The
tested samples revealed a positive correlation (from moderate
to strong relationship) in both experimental developmental
stage and in both experimental tests with a linear equation for
prediction with a wide range of chi-square from negative to

positive value (Table 1).

[17, 18] stated that mosquitoes adapted a mechanism that
protects them from immune-related oxidative stressor via the
antioxidant GSH). On the other hand, they recorded significant
elevation of GST minimized the resulting cellular damage as

antioxidative response [19].
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Figure 2. Principal component analysis (PCA) of 5% instar larval, and male adult stage of glutathione antioxidant system
(glutathione peroxidase (GPx), glutathione reductase (GR), and glutathione-s-transferase (G-S-T) of Hermetia illucens
injected with different concentration of malathion (0, 0.005,0.01, 0.015, and 0.02) %.
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Figure 3: Dendrogram of the cluster analysis (using Ward¥s Method) applied for glutathione antioxidant system (glutathione
peroxidase (GPx), glutathione reductase (GR), and glutathione-s-transferase (G-S-T) in 5% larval instar (a), and male adult

(b), of Hermetia illucens injected with different concentration of malathion (0, 0.005,0.01, 0.015 and 0.02) %.
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[20] Mean values marked with same small letters are not
significantly different among control and different treatment
sample with malathion. * denote no significant differences
among 5th larval instar and male adult in each case separately
(ANOVA test Tukeys, p > 0.05).

Glu.tat'hlone Developmental ; Byeifon Type (_)f R?
antioxidant system stage equation

5% Jarval instar 0.54* Y= 244X 0.33
GPx

Adult 0.24 Y=656X -0.71

5% Jarval instar 0.41 Y=1502X Linear -0.25
GR

Adult 0.87%* Y=1521X Equation for -0.53

Prediction

5% Jarval instar 0.48 Y=2774X -2.35
G-S-T

Adult -0.44 Y=2798X -29.7

Table 1: Pearson's correlation coefficient among glutathione antioxidant system (glutathione peroxidase (GPx), glutathione reductase

(GR), and glutathione-s-transferase (G-S-T) (which expressed as OD/ mg protein/ min, samples obtained from gut tissues of 5" larval

instar and male adult of Hermetia illucens injected with different concentration of malathion (0, 0.005,0.01, 0.015 and 0.02) %.
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