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Abstract

Reducing the usage of chemical pesticides used to control pests in agriculture and stored products is an important
phenomenon. Also, eco-friendly biopesticides have become highly important for use in the management of the pest
control programs to overcome the negative influences of other synthetic chemicals. In this study oxidative stress changes
induced by one important phytochemical compound, juglone, in Galleria mellonella larvae were investigated. For this
purpose, effective concentrations (LCio: 0.5 mg; LCsp: 1.5 mg; LCso: 2.3 mg) of juglone were added into the 2 g diet of
the first instar larvae. Hemolymph samples from the last instar larvae were used to analyses of antioxidant enzyme activity
(glutathione peroxidases — GPx, glutathione-S transferase - GST, catalase - CAT, and superoxide dismutase - SOD) and
malondialdehyde (MDA) assays. Activities of antioxidant enzymes (SOD, CAT, and GST) and MDA level in the
hemolymph of last instar G. mellonella larvae exposed to dietary juglone changed dose-dependently when compared to
the control larvae. However, there was no change detected in GPx enzyme activity in both treated and untreated larvae.
Consequently, effective doses of juglone are toxic to the model and pest insect G. mellonella.
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Juglonun Biiyiik Balmumu Giivesi Galleria mellonella L. (Lepidoptera:
Pyrelidae)’min Larval Hemolenfinde Antioksidan Metabolizma Uzerine Etkileri

Oz

Tarimsal alanlarda ve depolanan iiriinlerde zararli bocekler ile miicadele amaciyla kullanilan kimyasal pestisitlerin
uygulamalarinin azaltilmasi onemli bir olgudur. Bununla birlikte, ¢evre dostu biyopestisitler zararli kontrol
programlarinin yonetiminde diger sentetik kimyasallarin olumsuz etkilerinin iistesinden gelmek i¢in onemli hale
gelmigtir. Bu ¢aligmada, 6nemli bir fitokimyasal bilesik olan Juglonun Galleria mellonella larvalarinda neden oldugu
oksidatif stres degisiklikleri incelenmistir. Bu amagla, juglonun etkili konsantrasyonlari (LCio: 0.5 mg; LCso: 1.5 mg;
LCso: 2.3 mg) birinci evre larvalarin 2 gram besini igerisine ilave edildi. Son dénem larvalarin hemolenf 6rnekleri,
antioksidan enzim aktivitesi (glutatyon peroksidazlar - GPx, glutatyon-S transferaz - GST, katalaz - CAT ve siiperoksit
dismutaz - SOD) ve malondialdehit (MDA) testlerinin analizlerinde kullanildi. Besinsel juglona maruz kalan son donem
G. mellonella larvalarinin hemolenfinde antioksidan enzim aktiviteleri (SOD, CAT ve GST) ve MDA miktar1 kontrol
larvalariyla karsilastirildiginda doza bagli olarak degismistir. Bununla birlikte, uygulama yapilan ve yapilmayan larvalara
ait GPx enzim aktivitesinde degisiklik belirlenmedi. Sonug¢ olarak, juglonun etkili dozlart model ve zararli bocek G.
mellonella igin toksiktir.

Anahtar Kelimeler: Antioksidan Metabolizma, Galleria mellonella, Hemolenf, Juglon.

Karadeniz Technical University, Faculty of Science, Department of Biology, Trabzon, Turkey...eduman09@gmail.com
2Eskisehir Technical University, Faculty of Science, Department of Biology, Eskisehir, Turkey hyalcitas@eskisehir.edu.tr

https://orcid.org/0000-0003-4975-1182 2https://orcid.org/0000-0003-4505-0098

*Sorumlu Yazar/Corresponding Author Gelis/Received: 01.12.2020 Kabul/Accepted: 30.05.2021


https://orcid.org/0000-0003-4975-1182
https://orcid.org/0000-0003-4505-0098

Karadeniz Fen Bilimleri Dergisi 11(1), 18-28, 2021 19

1. Introduction

Due to the adverse effects of synthetic chemicals on the biodiversity in the ecosystems, plant-
based chemicals, known as eco-friendly biopesticides, are gaining more importance for use in
integrated pest management (IPM) programs. Evidence from previous studies has shown that various
plant secondary compounds and plant extracts have toxic effects on some insects, causing significant
changes in, morphology, sexual maturity, egg hatching ratio and developmental abilities as well as
feeding behaviour (Emam et al., 2009; Jeyasankar et al., 2010; Rattan and Sharma, 2011; Seref-Giin
et al.,, 2011; Paul and Sohkhlet, 2012; Duman-Erbas and Altuntas, 2020). Like several
phytochemicals, juglone (5-hydroxy-1,4-naphthoquinone) is also an important plant secondary
compound, synthesized by walnut species, recommended for use as a biopesticide (Babula et al.,
2009; Islam and Widhalm, 2020). Previous studies showed that juglone has an antifeedant potential
and adversely affects the survival and reproductive activities of different insect species such as model
insect G. mellonella (Sun et al., 2007; Sorokin and Whitaker, 2008; Piskorski et al., 2011; Akhtar et
al., 2012; Cespedes et al., 2016; Altuntas et al., 2020; Duman-Erbas and Altuntas, 2020). These
significant changes in insect development and biological activities indicate that dietary juglone is
potentially toxic on insects by altering antioxidant response and lipid peroxidation in the insect
hemolymph. Storage proteins and metabolic enzymes found in insect hemolymph synthesized from
adipose tissue, midgut, or other tissues. Besides, it is known that sublethal concentrations of several
chemicals can induce detoxification processes that are carried out by antioxidant enzymes in insect
hemolymph and fat body (Krishnan and Kodrik, 2006; Biiyiikgiizel et al., 2010; Biiytlikgiizel et al.,
2013; Altuntas et al., 2016; Sezer-Tuncsoy et al., 2019). Therefore, changes in the hemolymph should
be analysed to examine the physiological effects of juglone. For this purpose, the physiological stress
that occurs in the larval hemolymph depending on Juglone treatment was investigated in our study.

It has been reported that several plant allelochemicals including Juglone increase or decrease
the activity of the detoxification enzyme, GST (Lee, 1991; Wheeler et al., 1993; Thiboldeaux et al.,
1994; Yu and Abo-Elghar, 2000; Yu and Huang, 2000; Altuntas et al., 2020). Furthermore, Altuntag
et al. (2020) showed that dietary Juglone induces lipid peroxidation and genotoxicity in the total larval
tissue of G. mellonella depending on the concentration.

In the present study, the larval stage of Galleria mellonella L. (Lepidoptera) was selected as
both the model insect and storage pest species to test the influences of dietary juglone on the

antioxidant and oxidant metabolism in the hemolymph.
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2. Materials and Methods

2.1. Insect

Larval stage of G. mellonella were obtained from stock culture using semi-artificial diet as
indicated by Duman-Erbas and Altuntas (2020). G. mellonella were kept in an insectarium at 28 + 1
°C, 60 + 5% RH in the constant darkness conditions at Eskisehir Technical University, Turkey.

2.2. Bioassays and Homogenization

To evaluate the oxidative acts of juglone on the larval hemolymph of G. mellonella, effective
concentrations of juglone, which are reported by Duman-Erbas and Altuntas (2020) (LCio: 0.5mg,
LCso: 1.5 mg, LCso: 2.3 mg /2 g larval diet) were used for all experiments. The LCx of juglone were
mixed into the artificial diet of the first stage larva of G. mellonella and each larva fed up to the
seventh instar (0.18 + 0.02 g). All larvae were raised under insectarium conditions. For each control
and experimental group, all experiments were performed with 20 larvae randomized from different
populations at different times in three repetitions. For each analysis, hemolymph (10 pl from each
individual larva) was collected and transferred into microcentrifuge tubes (0.5 ml) containing cold
homogenization buffer (v/v; 1.15 % w/v KCl, 25 mM KoHPO4, 2 mM DDT, 5 mM EDTA, 2 mM
PMSF, pH 7.0, Sigma), and 1 pg melanization inhibitor (phenylthiourea, Sigma) for antioxidant
enzymes activity assays (Altuntas, 2015a). Hemolymph samples from 20 larvae in each replicate of
the biochemical assay were transferred into the same Eppendorf tube and centrifuged at 10,000 g, +4
°C for 15 min for homogenization. After this, the supernatant was extracted and used in enzyme
activities and protein amount analyses. On the other hand, to analysis of the level of MDA as a lipid
peroxidation marker in larval hemolymph, samples were collected as mentioned above into a cold 1.5

ml Eppendorf tube including homogenization buffer, centrifuged at 700 g, +4 °C for 10 min.

2.3. Assay of Enzyme Activities and Malondialdehyde Amount

Analysis of the activities of SOD, GST, GPX, and MDA amount was carried out using
commercial kits developed by Cayman Chemical. The absorbance of the samples using xanthine and
xanthine oxidase systems were measured at 450 nm, and thus SOD activity presented in the larval
hemolymph was defined as U/mg protein.

To test the activity of total GST enzyme, increased absorbance resulting from conjugation of

CDNB (1-chloro-2, 4 dinitrobenzene) and GSH (glutathione) with GST enzyme were measured
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kinetically at 340 nm for 5 minutes. The specific GST activity was calculated using 0.00503 uM™! as
the extinction coefficient.

In determining the GPx enzyme activity, kinetic measurement was performed at 340 nm for 5
minutes based on the measurement of the oxidation rate of NADPH (nicotinamide adenine
dinucleotide phosphate). This specific enzyme activity was defined as nmol/min/mg protein.

In the measurement of the lipid peroxidation level in larval hemolymph, acidic reaction
products between thiobarbituric acid (TBA) and MDA at 95 °C were measured at 530 nm. After
analysis, the amount of MDA was calculated as nmol / mg protein (extinction coefficient.: 1.56 x 105
M1em™).

The CAT enzyme analysis was carried out by manual experiment according to Chance and
Maehly, 1955. For this purpose, the amount of hydrogen peroxide decreased as a result of CAT
enzyme activity was measured kinetically for 3 minutes at 240 nm. The specific enzyme activity was
calculated as U /mg protein (extinction coefficient is €240 = 0.0394 mM ! cm™).

These enzyme measurements were read on a microtiter plate (BIO-TEK Brand EPOCH).
Protein concentrations used in MDA and enzyme activity assays were detected using Bradford (1976)
method. Standards prepared with Bovine serum albumin in the range of 0.2-1.5 mg / ml with
homogenization buffer were used. All analyses were performed as triplicates using 20 larvae per

treatment.

2.4. Data Evaluation

The evaluation of the data from experiments were carried out with a statistical program (SPSS
version 18.0 for Windows) and the results were shown as mean + standard error. Changes in means
were compared using ANOVA (one-way analysis of variance) test and the differences between the
groups were also determined statistically using Tukey's Least Significant Difference (LSD) tests. The

results obtained at a 95 % confidence interval with P > 0.05 did not statistically different.

3. Results and Discussion

The SOD enzyme activity was found to increase approximately 22 % and 46 % respectively at
LCs0 and LCs of dietary juglone when compared to the control group, but there was no statistically
remarkable difference at LC1o juglone (F = 6.77; df =3.16; P = 0.004; Figure 1).

Concentration-dependent changes were observed in CAT activity in the hemolymph of larvae

treated with the effective juglone concentrations compared to untreated larval hemolymph (F = 4.283;
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df=3,16;P=0.021; Figure 1). It was also observed that the CAT activity increased by approximately
84 % at LCyo dietary juglone and by approximately 42 % at the LC30 and LCso juglone.

The activity of GST in the larval hemolymph increased by about 64 % and 44 % at LC3zo and
LCso of dietary juglone respectively with respect to the control group (F =4.095; df=3.16; P =0.025;
Figure 1). Nevertheless, at LCjo, there was no statistically remarkable difference in activity of GST
in both the untreated, LC30 and LCso juglone treated groups. Besides, in the enzyme activity GPx, it
was determined that there were no statistically significant differences in the larval hemolymph at all
concentrations of juglone and the control group (F =1.668; df =3.16; P =0.214; Figure 1).

Depending on the effective concentrations of juglone added into the larval diet, the amount of
MDA increased in the larval hemolymph by approximately 44 % and 77 %, at LCio and LCso
respectively when compared to the untreated larval hemolymph (F = 3.398; df = 3.16; P = 0.044;
Figure 2). In the meantime, MDA amount in the larval hemolymph at LC3o juglone was similar to

that observed in the untreated larvae.
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Figure 1. Differences in the antioxidant enzyme activities (SOD, CAT, GPx, and GST) in the hemolymph of
last instar larvae of model insect G. mellonella exposed to effective concentrations (LCjo, LCso, and
LCso) of dietary juglone.

* The y-axis refers to the mean + standard error (SE) values and the different letters shown in the
columns represent the differences between groups (p < 0.05, LSD test).
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Figure 2. Differences in the MDA level in the larval hemolymph of G. mellonella treated with the effective
concentrations (LCjo, LCso, and LCso) of dietary juglone.
* The y-axis refers to the mean + standard error (SE) values and the different letters shown in the
columns represent the differences between groups (p < 0.05, LSD test).

Studies reported that juglone and various other naphthoquinones have negative effects on the
biological properties of insects such growth, development, and reproduction (Sun et al., 2007; Sorokin
and Whitaker, 2008; Hu et al., 2017; Lv et al., 2018; Altuntas et al., 2020). It is also showed that
several phenolic compounds like juglone alter the detoxification mechanism of insects (Felton et al.,
1989; Felton and Duffey, 1991; Thiboldeaux et al., 1998; Felton and Summers, 1995; Krishnan and
Kodrik, 2006; Altuntag, 2015a, 2015b; Altuntas et al., 2020;). According to previous studies, the
current study showed significant variations in the antioxidant enzymes activities in the larval
hemolymph of the model insect and storage pest G. mellonella. A significant change was observed in
the SOD enzyme activity of larval hemolymph when effective concentrations of juglone, which
included in the larval diet. The increased SOD activity at the LC3o and LCso juglone concentrations
could be due to juglone metabolization in the larval hemolymph which leads to the production of
superoxide anion radicals (SOR) and thus activation of SOD in the juglone-treated larva occurred in
hemolymph. In the larval hemolymph, SOD enzyme can increase as a phase I enzyme for the
catalyzation of dismutation of SOR reactions to produce hydrogen peroxides and molecular oxygen
(Sankarapandi and Zweier, 1999). Similar to our data, a recent study reported increased SOD activity
in the tissue homogenate of G. mellonella larvae subjected to LCio and LC3¢ of juglone (Altuntas et
al., 2020). The higher SOD activity observed in the larval body homogenate compared to that
observed in the hemolymph at LCio may be due to the presence of the fat body in the larval
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homogenate since detoxification of metabolic enzymes and storage proteins in insects mainly occurs
in the fat body.

While SOD activity at LCo juglone treatment reduced in the larval hemolymph the amount of
MDA increased at the same concentration of juglone. The decrement in SOD activity may stem from
the peroxidation of lipids in cells and the failure to remove reactive oxygen species. Besides, the
damaging effects of the increase in the MDA amounts at the same concentration (LCio) could be
eliminated by an increase in CAT activity in larval hemolymph, because an increase CAT activity
can reduce the sublethal oxidative damage caused by lipid peroxidation (Kazzaz et al., 1996; Tan et
al., 1998). The hydrogen peroxide produced as a result of SOD activity disrupts the CAT enzyme in
the second phase (Gaeta et al., 2002). Therefore, the elevation in SOD activity at LC3o and LCso
juglone may be the reason for the increase in CAT activity.

GPx activity is another parameter used to investigate the toxic effects of juglone on larval
hemolymph. GPx enzyme prevents the initiation of lipid peroxidation and aids the detoxification of
lipid hydroperoxides resulting from lipid peroxidation (Peric’-Mataruga et al., 1997). Data showed
that GPx activity in hemolymph did not change in treated larvae with dietary juglone. This result may
be related to the increase in the amount of MDA. On the other hand, it is known that while SOD
activity increases due to the production of superoxide radicals, a decrease in GPx activity can occur
(Gaeta et al., 2002). That’s why the increase in CAT activity at LCio and SOD activity at LC3o and
LCso concentrations of juglone could be reasons for the unchanged GPx activity in the larval
hemolymph. After all, the increased activities of CAT and SOD enzymes in the last instar larval
hemolymph could be relevant with an adaptive response to overcome the oxidative damage of
effective juglone concentrations as it is for other xenobiotics (Krishnan and Kodrik, 2006; Aslantiirk
et al., 2011; Biiyiikgiizel et al., 2013; Altuntag, 2015a, 2015b).

Some of allelochemicals can act as a GST substrate or GST activator in pest insects, because
of this reason GST activity is a significant antioxidant enzyme in the primary detoxification
metabolism of allelochemicals during the physiological response of phytophagous species (Scheline,
1978; Yu, 1982, 1987; Wadleigh and Yu, 1988). In present study, GST activity increased when the
lowest concentration of dietary juglone was exposed to G. mellonella larvae, but the activity ratio
remained constant as the concentration increased compared to control. In a similar study, it was
reported that many allelochemical components including juglone exposed to Spodoptera frugiperda
act as GST inhibitors causing inhibition of GST in the insect with increasing substrate concentration
(Yu and Abo-Elghar, 2000). However, in a study conducted with Lymantria dispar (Lepidoptera), it
was stated that GST, and quinine reductase enzymes take main role in the detoxification of dietary
juglone and that the adaptation of the insects to their natural diet at lower doses of juglone was

associated with these enzymes (Lindroth et al., 1990). In another study, activity of GST in the tissues
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of G. mellonella larvae increased at effective concentrations of juglone. This increased GST activity
in larval tissue at LC19 and LC30 was interpreted as an adaptive response for the overcome of oxidative
stress caused by juglone toxicity (Altuntas et al., 2020). Besides, the same authors reported that the
reason for the decreased activity of GST at LCso juglone could be associated with enzyme inhibition
or lipid peroxidation products in the treated larval body (Altuntas et al., 2020). Together with previous
studies, induced GST activity in larval hemolymph at effective concentrations could be an adaptive
physiological response employed by the insect to prevent sublethal oxidative damage induced by
juglone treatment. Besides, the unchanged GST activity in the larval hemolymph at all juglone
concentrations could be related to the inhibition of this enzyme by juglone. Altuntas et al. (2020) also
determined that significant damage occurred in the genome of the larvae due to the increased juglone
concentration in the diets of G. mellonella. Because of this, one reason for the inhibition of GST at
the sublethal doses of juglone in larval hemolymph could be related to damages in the insect's

genome.

4. Conclusions and Suggestions

This study showed that effective concentrations of dietary juglone caused the weakening of the
antioxidant defense system of G. mellonella larvae. This, together with findings from previous studies
indicate that juglone may be used as an ecofriendly biopesticide in IPM investigations for the control
of Lepidopteran insect pests. Moreover, we suggest that variations in the activities of important
antioxidant enzymes and the levels of MDA can provide significant data to determine the ecotoxic
properties of plant substances or secondary metabolites in insects.
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