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             The black cutworm, Agrotis ipsilon (Hufnagel) (Lepidoptera: 

Noctuidae), is almost a cosmopolitan pest in distribution. It is a polyphagous 

insect attacking nearly all vegetables and many economic field crops in the 

world. The present study was conducted to investigate the disturbing effects 

of entomopathogenic nematodes (EPNs), Steinernema carpocapsae and 

Heterorhabditis bacteriophora on the activities of phosphatases and 

transaminases in the haemolymph of A. ipsilon larvae.  The newly moulted 

penultimate (5th) instar larvae had been infected with LC50 values of S. 

carpocapsae and H. bacteriophora (21 IJs/ml and 62 IJs/ml, respectively) 

and the influenced enzymatic activities were determined in the haemolymph 

of last (6th) instar larvae, at three-time intervals, 6, 24 & 48 hr, respectively. 

The most important results could be summarized as follows. The acid 

phosphatase (ACP) activity significantly increased in haemolymph of 6 hr-

old last instar larvae of A. ipsilon. In contrast, ACP activity was remarkably 

decreased in 24 and 48 hr-old larvae. The alkaline phosphatase (ALP) activity 

increased in the haemolymph of 6 hr-old larvae. On the contrary, ALP 

activity was considerably reduced in haemolymph of 24 and 48-old larvae. 

Glutamic oxaloacetic transaminase (GOT) activity significantly increased in 

the haemolymph of 6 hr-old last instar larvae. In haemolymph of 24 hr-old 

larvae, GOT activity considerably increased by H. bacteriophora but was 

slightly decreased by S. carpocapsae. At the last time interval, GOT activity 

greatly decreased, regardless the EPN species. Glutamic pyruvic 

transaminase (GPT) activity was predominantly declined in larvae infected 

with S. carpocapsae or H. bacteriophora, at all-time intervals, with an 

exception of a slightly increased activity in 6 hr-old larvae after infection 

with S. carpocapsae. Moreover, GPT activity was increasingly reduced with 

the time intervals. Also, H. bacteriophora exhibited stronger reducing 

potency on the GPT activity than S. carpocapsae. In conclusion, the 

disturbances of activities of phosphatases and Transaminases, as a result of 

the interactions between these nematodes and their symbiotic bacteria versus 

the immune responses of the host insect, end in the host death. Therefore, the 

tested EPNs can be used as a part of the Integrated control program against A. 

ipsilon.  

 

http://www.eajbsc.journals.ekb.eg/
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INTRODUCTION 

            The black cutworm Agrotis ipsilon 

(Hufnagel) (Lepidoptera: Noctuidae) is 

globally distributed, particularly in moderate 

and subtropical countries (Harrison, and 

Lynn, 2008; Binning et al., 2015). It is a 

migrant polyphagous species known to cause 

serious damage to many host plants (El-Aziz 

et al., 2007; Binning et al., 2015; Liu et al., 

2015; Picimbon, 2020; Moustafa et al., 

2021). This destructive pest causes 

considerable economic losses in many field 

crops and agricultural products, especially in 

industrial plants and vegetables worldwide 

(Muştu et al., 2021; Wang et al., 2021). In 

Egypt, A. ipsilon infests about 70 plant 

species (Fahmy, 2014; Sharaby and El-

Nojiban, 2015), including all vegetable crops 

and many economic field crops, especially in 

the seedling stage causing serious damage 

about 100% in some cases (Dahi et al., 2009; 

Mahmoud et al., 2016; Abdel-Hakim, and 

El-Mandarawy, 2017; Ahmed et al., 2022).  

           In Egypt, also, the control of this 

dangerous insect depends mainly on the 

application of conventional insecticides 

(Vattikonda and Sangam, 2017; Abd-El-Aziz 

et al., 2019; Ismail, 2021) to which the insect 

quickly develops resistance and cross-

resistance (Yu et al., 2012; Fahmy, 2014; 

Mahmoud et al., 2016). Also, the 

conventional insecticides are often not 

effective and remain inadequate for the 

control of A. ipsilon because of its larval 

hiding behavior during the daytime and 

feeding actively at night, causing hidden 

damage in fields (Capinera, 2001; Takeda, 

2008). On the other hand, the latter instar 

larvae of A. ipsilon remain hidden in cracks 

and crevices during most of the life cycle so 

chemical control is often ineffective (Kumar 

et al., 2022).  

           In addition, the intensive and 

improper uses of many currently marketed 

insecticides usually cause serious 

toxicological hazards to the environment 

(Haq et al., 2004; Tiryaki and Temur, 2010; 

Chowański et al., 2014) and drastically 

affect the natural enemies, allowing 

exponential increase of pest populations 

(Calvo-Agudo et al., 2019; Demok et al., 

2019) as well as adverse effects on human 

health and domestic animals (Shahzad et al., 

2020) beside the accumulation of pesticide 

residues in food (Moustafa et al., 2021).  

           These problems are an incentive to 

search for alternative, eco-friendly, selective, 

and effective control measures. Among 

potential control measures is the use of 

entomopathogenic nematodes (EPNs), 

especially against above-ground pests and 

those are spending a part of their life cycle 

inside the soil or cryptic habitats (Laznik and 

Trdan, 2011; Lacey and Georgis, 2012; 

Shaurub et al., 2016; James et al., 2018; Du 

Preez et al., 2022; Nouh, 2022). Therefore, 

EPNs have attracted much interest around 

the world to study their distribution, 

virulence, and usage in the integrated pest 

management (IPM) programs (Çağlayan et 

al., 2021; Ali et al., 2022) because they are 

harmless to non-target organisms, humans 

health and the environment (Odendaal et al., 

2015, 2016; Gulcu et al., 2017; Kumar et al., 

2022; Peçen and Kepenekci, 2022). Other 

major advantages of using EPNs to control 

insects are that they can be easily mass-

produced and applied to tree trunks using 

common irrigation and pesticide equipment 

(Yağci et al., 2021a,b).  

           With regard to the EPNs 

steinernematids and heterorhabditids, they 

are widely used as biocontrol agents against 

diverse insect pests allover the world. They 

have a wide variety of host ranges, high 

virulence, less killing time, host-finding 

ability, and fast-acting generations (Lacey 

and Georgis, 2012; Yüksel et al., 2022). 

EPNs belong to these two families are 

identified by carrying symbiotic bacteria of 

the genera Xenorhabdus and Photorhabdus 

in their intestines, respectively (Boemare, 

2002; Poinar and Grewal, 2012; Ferreria and 

Malan, 2014; Labaude and Griffin, 2018). 

EPNs, such as Steinernema and 

Heterorhabditis, have the potential to 

provide effective control of some 

economically important insect pests 
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belonging to orders Lepidoptera, Coleoptera, 

and Diptera (Burnell and Stock, 2000). They 

are established all over the world in diverse 

ecological habitats and are being developed 

as biological control agents against insect 

pests (Cranshaw and Zimmerman, 2013; 

Lacey et al., 2015). At present, about 100 

Steinernema spp. and 19 Hetererhabditis 

spp. have been described worldwide (Bhat et 

al., 2020; Machado et al., 2021).  

            The association of EPNs Steinernema 

and Heterorhabditis with their symbiotic 

bacteria is found to be the primary cause of 

insect mortality (Leonar et al., 2022). When 

encountering a suitable host, the infective 

juveniles (IJs) of EPNs enter the haemocoel 

of the insect host via natural openings, such 

as the spiracles, mouth, or anus, or by 

penetrating the cuticle (particularly in 

Heterorhabditis spp.)(Griffin et al., 2005; 

Atwa, 2014; Gozel and Gozel, 2016). The 

bacteria grow rapidly in the insect 

haemocoel and produce toxins that it by 

means of inducing septicemia within 24 to 

72 h of infection (Ehlers, 2001; Griffin et al., 

2005). Recently, Ghoneim et al. (2023) 

found that the EPNs S. carpocapsae and H. 

bacteriophora were highly virulent against 

A. ipsilon larvae. Also, these two EPN 

species adversely affected the main body 

metabolites in haemolymph in larvae of the 

same insect (Ghoneim et al., 2022). 

            Acid phosphatase (ACP, 

E.C.3.1.3.2), known as a lysosomal marker 

enzyme (Csikos and Sass, 1997), is active in 

guts (Ferreira and Terra, 1980), Malpighian 

tubules (Srivastava and Saxena, 1967) and is 

also abundant in the disintegrating tissues 

and organs subjected to cytolysis (Sahota, 

1975). ACP is important in biological 

processes that need a high level of energy, 

such as development, growth, gamete 

maturation and histolysis (Ray et al., 1984). 

Alkaline phosphatase (ALP, E.C.3.1.3.1) is a 

brush border membrane marker enzyme in 

insects (Wolfersberger, 1984) and is 

especially active in tissues with active 

membrane transport, such as intestinal 

epithelial cells (Caglayan, 1990), Malpighian 

tubules (Etebari and Matindoost, 2004 a, b) 

and haemolymph (Etebari et al., 2007). Its 

primary function is to provide phosphate 

ions from mononucleotides and 

ribonucleoproteins for a variety of metabolic 

processes (Etebari et al., 2005). In insects, 

ALP is involved in several biological 

processes and responds to stress 

pathogenesis or infection (Miao, 2002). It is 

one important synthesizing enzyme of 

tyrosine, the precursor of dopamine and 

octopamine, which are known to take part in 

the control of levels of juvenile hormone and 

20-hydroxyecdysone (Rauschenbach et al., 

2007).  

           Glutamic oxaloacetic transaminase 

(GOT, or Alanine aminotransferase, ALT) 

and Glutamic pyruvic transaminase (GPT, or 

aspartate aminotransferase, AST) are the 

main enzymes that conduce to 

transamination within the intermediary 

metabolism of insects to make amino acids 

available for biochemical demands. These 

are principal enzymes in the formation of 

non-essential amino acids, in the metabolism 

of nitrogen waste, and in gluconeogenesis 

and are correlated with protein anabolism 

and catabolism (Mordue and Golworthy, 

1973). GOT catalyzes the interconversion of 

alanine and α-ketoglutarate to pyruvate and 

glutamate, while GPT converts aspartate and 

α-ketoglutarate to oxaloacetate and 

glutamate (Klowden, 2007; Nation, 2008). 

Because these transaminases help in the 

production of energy and serve as a strategic 

link between carbohydrate and protein 

metabolism, they are being altered during 

various physiological and pathological 

conditions (Azmi et al., 1998; Etebari et al., 

2007). The present study was conducted to 

investigate the disturbing effects of EPNs S. 

carpocapsae and H. bacteriophora on the 

activities of phosphatases and transaminases 

in the last instar larvae of A. ipsilon.  

MATERIALS AND METHODS 

I. The Experimental Insect: 

             A culture of the black cutworm 

Agrotis ipsilon (Hufnagel) (Lepidoptera: 

Noctuidae) was established under constant 

conditions (27±2°C and 65±5% R.H.) at the 

Department of Zoology and Entomology, 
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Faculty of Science, Al-Azhar University, 

Cairo, Egypt. It was originally started with a 

sample of eggs from the susceptible strain 

culture maintained for several generations at 

Plant Protection Research Institute, Doqqi, 

Giza, Egypt. Rearing technique was carried 

out according to Abdin (1979) with an 

improvement of El-Shershaby (2010). The 

eggs were kept in wide-mouth plastic jars 

(1000 ml) fitted with filter paper until 

hatching. Newly hatched larvae were kept in 

new jars and provided with clean castor bean 

leaves Ricinus communis as food every day. 

At reaching the 4th instar, larvae were reared 

in a few numbers, in separate jars, to avoid 

crowding and cannibalism. These jars were 

covered with pieces of cloth for preventing 

the escape of larvae. Sawdust and fresh 

castor bean leaves were renewed daily until 

pupation. The pupae were then placed in 

plastic jars (10 x 25 cm) covered with muslin 

and fitted with filter paper, as an oviposition 

site for future moths. After the adult 

emergence, a piece of cotton wool soaked in 

10% sugar solution was suspended from the 

top of each jar and renewed every 48 hrs for 

feeding moths.  

2. Entomopathogenic Nematodes (EPNs): 

             Imported EPN species (Nematoda: 

Rhabditida), Heterorhabditis bacteriophora 

(Poinar) (Steinernematidae) and Steinernema 

carpocapsae (Weiser) (Heterorhabditidae) 

were supplied by Dr. El-Sadawy, National 

Research Centre, Doqqi, Giza, Egypt. For 

the mass culturing of each EPN, the last (7th) 

instar larvae of the greater wax moth 

Galleria mellonella were used as hosts 

(Shamseldean et al., 2008). Five live G. 

mellonella larvae were placed in a Petri dish 

with approximately 100 live EPNs, 20 

EPNs/ml, with a few drops of deionized 

water for each tested EPN. The infective 

juvenile stages (IJs) of each EPN species 

will enter and infect the larvae through their 

natural openings. Symbiotic bacteria carried 

within the guts of the EPNs were released 

after they penetrate their hosts. Toxins 

produced by the bacteria caused blood 

poisoning of the larvae usually resulting in 

their death within 72 hours. The EPNs 

complete one to three generations before 

they emerge from the dead larvae (cadavers). 

Petri dishes were stored for a week in a dark 

place at 20°C ±2 °C. After six days, larvae 

were checked for infection. The successfully 

infected larvae will appear beige to dark red. 

Upon successful infection, Petri dish 

containing nematodes, larvae and filter paper 

were placed within another larger Petri dish. 

The outer Petri dish halfway was filled with 

deionized water and covered with an opaque 

lid for three weeks. The IJs will emerge from 

the host and swim into the water within one 

to three weeks. The IJs were verified as still 

alive using a microscope. Nematodes can be 

stored in darkness in a container that 

provides a sufficient amount of air to 

nematodes by using shallow containers for 

approximately one month at 5°C. 

3. Larval Infection of A. ipsilon with 

EPNs:  

          In a preliminary bioassay toxicity test, 

a series of concentrations of each EPN 

species was prepared as follows: H. 

bacteriophora: 200.0, 100.0, 50.0, 25.0 and 

12.0 IJs/ml, and S. carpocapsae: 100.0, 50.0, 

25.0, 12.0 and 6.0 IJs/ml. LC50 values of S. 

carpocapsae and H. bacteriophora were 

determined as 21 IJs/ml and 62 IJs/ml, 

respectively. Infection of the 5th instar larvae 

of A. ipsilon with these LC50 values had been 

carried out.  

          The EPN experiment was carried out 

in plastic cups (4 X 5 cm) filled with 50 gm 

of sterilized sand and moistened with 20% 

water (v/w). Nematodes suspensions were 

prepared in serial concentrations of different 

IJs/ml/cup. The newly moulted penultimate 

(5th) instar larvae of A. ipsilon were placed in 

separate plastic cups. All cups were covered 

and kept at 25±2oC. The influenced 

enzymatic activities of phosphatases and 

transaminases were determined in the 

haemolymph of the last (6th) instar larvae, at 

three-time intervals: 6, 24 & 48 hr, 

respectively.  

4. Sampling of Haemolymph: 

           Haemolymph was collected from the 

infected and uninfected (control) 6th instar 

larvae (at 6, 24 and 48 hr). The haemolymph 
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was obtained by amputation of one or two 

prothoracic legs of the larva with fine 

scissors. Gentle pressure was done on the 

thorax until a drop of haemolymph appeared 

at the point of amputation. Haemolymph was 

drawn into Eppendorff Pipetman containing 

a few milligrams of phenoloxidase inhibitor 

(Phenylthiourea) to prevent the tanning or 

darkening and then diluted 5× with saline 

solution 0.7%. The diluted haemolymph was 

frozen for 20 s to rupture the hemocytes. 

Collected haemolymph samples were then 

centrifuged at 2000 r.p.m. for 5 min, and 

only the supernatant fractions were used for 

assay directly or frozen until use. Three 

replicates were used and the haemolymph of 

two individuals was never mixed. 

5. Phosphatase Measurements: 

Acid Phosphatase (ACP) Activity: 

             ACP activity was determined in the 

larval and pupal homogenate according to 

the method described by Tietz (1986) and 

using a kit of Biodiagnostics. The enzyme 

was measured at a wavelength of 510 nm by 

spectrophotometer.  

Alkaline Phosphatase (ALP) Activity: 

             ALP activity was determined in the 

larval and pupal homogenate according to 

the method of Klein et al. (1960) using a kit 

of Biodiagnostics. The enzyme was 

measured at a wavelength of 510 nm by 

spectrophotometer. 

6. Transaminase Measurements:  

             Activities of the glutamic 

oxaloacetic transaminase (GOT) or aspartate 

transferase (AST) and glutamic pyruvic 

transaminase (GPT) or alanine transaminase 

(ALT) were determined in the larval tissues 

and pupal homogenate according to the 

method of Harold (1975) using a kit of 

Diamond diagnostics. The enzyme was 

measured at a wavelength of 546 nm by 

spectrophotometer. 

7. Data Analysis: 

             Data obtained were analyzed by the 

Student's t-distribution, and refined by 

Bessel correction (Moroney, 1956) for the 

test significance of the difference between 

means using GraphPad InStat© v. 3.01 

(1998). 

RESULTS 

            In the present study, the newly 

moulted 5th instar larvae of the black 

cutworm Agrotis ipsilon had been infected 

with LC50 values of EPNs, Steinernema 

carpocapsae and Heterorhabditis 

bacteriophora (21 IJs/ml and 62 IJs/ml, 

respectively). The influenced enzymatic 

activities of phosphatases and transaminases 

were determined in the haemolymph of 6th 

instar larvae, at three-time intervals, 6, 24 & 

48 hr, respectively.  

1. Effects of EPNs on the Activities of 

Phosphatases in Larval Haemolymph of 

A. ipsilon: 

1.1. Effects of EPNs on the Acid 

Phosphatase (ACP) activity: 

            Data of the ACP activity in 

haemolymph of 6th instar larvae of A. ipsilon 

were assorted in Table (1). Depending on 

these data, the ACP activity gradually 

increased in haemolymph of uninfected 

(control) last instar larvae, with the age 

(68.15±2.10, 78.22±1.95 & 81.82±2.53 U/L, 

at 6, 24 and 48 hr, respectively). As clearly 

shown in data of the same table, the ACP 

activity was significantly enhanced in 

haemolymph of 6 hr-old instar larvae 

(+44.62 and +69.01% activity increments, by 

S. carpocapsae and H. bacteriophora, 

respectively). In contrast, the enzyme 

activity remarkably declined, at 24 and 48 

hr. Moreover, the enzyme activity gradually 

declined with the age of the last instar larvae 

(-30.38 & -49.57% activity reductions by S. 

carpocapsae and -9.59 and -29.98% activity 

reductions by H. bacteriophora, at 24 and 48 

hr, respectively). As obviously shown, H. 

bacteriophora exhibited a higher enhancing 

potency on the enzyme activity than S. 

carpocapsae, at 6 hr. On the other hand, S. 

carpocapsae exhibited a higher reducing 

potency on the enzyme activity than H. 

bacteriophora, at both 24 and 48 hr.   
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Table 1: Acid phosphatase activity in haemolymph (U/L) of last (6th) instar larvae of A. 

ipsilon as influenced by infection of the newly moulted 5th instar larvae with LC50 

values of the tested Entomopathogenic Nematoda (EPNs).  

 
Mean±SD followed by a letter: a: insignificant (P >0.05), b: significant (P<0.05), c: highly significant (P<0.01), 

d: very highly significant (P<0.001). 

 

1.2. Effects of EPNs on the Alkaline 

Phosphatase (ALP) Activity: 

            Data on the ALP activity in 

haemolymph of the last instar larvae of A. 

ipsilon were distributed in Table (2). As 

clearly shown, ALP activity gradually 

increased in the uninfected (control) last 

instar larvae with the age (27.96±0.84, 

31.27±1.03 & 33.57±1.19 U/L, at 6, 24 and 

48 hr, respectively). With regard to the 

infected last instar larvae, ALP activity was 

found in a similar course of ACP as 

previously mentioned. In some detail, ALP 

activity was promoted in haemolymph of 6 

hr-old last instar larvae. The nematode H. 

bacteriophora exhibited a higher stimulatory 

potency than S. carpocapsae (+13.93 and 

+81.36% increments of ALP activity, 

respectively). On the other hand, ALP 

activity was considerably reduced in 

haemolymph of both 24 hr- and 48 hr-old 

larvae. The reduction of enzyme activity 

gradually increased with the age (-24.78 and 

-26.35% activity reduction by S. 

carpocapsae and -26.35 and -36.32% 

activity reduction by H. bacteriophora, at 24 

and 48 hr, respectively). Depending on the 

ALP activity reduction at 48 hr, S. 

carpocapsae exhibited stronger reducing 

potency than H. bacteriophora.  

 

Table 2: Alkaline phosphatase activity in haemolymph (U/L) of last (6th) instar larvae of A. 

ipsilon as influenced by infection of the newly moulted 5th instar larvae with LC50 

values of the tested EPNs.  

 
a, b: see footnote of table (1). 

 

2. Effects of EPNs on the Activities of 

Transaminases in Larval Haemolymph of 

A. ipsilon: 

2.1. Effects of EPNs on the Glutamic 

Oxaloacetic Transaminase (GOT) 

Activity: 

            Data on GOT activity in 

haemolymph of the last instar larvae of A. 

ipsilon were summarized in Table (3). 

According to these data, GOT activity 

gradually increased in haemolymph of 

uninfected (control) last instar larvae 
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(22.66±1.79, 29.57±1.30 & 36.22±1.68 U/L, 

at 6, 24 and 48 hr, respectively). GOT 

activity in 6 hr-old larvae significantly 

increased in haemolymph by both EPNs 

(+111.91 and +137.16% increments of GOT 

activity by S. carpocapsae and H. 

bacteriophora, respectively). At 24 hr of the 

last instar larvae, GOT activity considerably 

increased by H. bacteriophora (+13.59% 

activity increment) but was slightly 

decreased by S. carpocapsae (-4.36% 

activity reduction). At 48 hr, GOT activity 

was greatly decreased (-25.32 and -15.41% 

reductions of activity, by S. carpocapsae and 

H. bacteriophora, respectively). 

 

Table 3: Glutamic oxaloacetic transaminase activity in haemolymph (U/L) of last (6th) instar 

larvae of A. ipsilon as influenced by infection of the newly moulted 5th instar larvae 

with LC50 values of the tested EPNs. 

  
a, b: see footnote of table (1). 

 

2.2. Effects of EPNs on the Glutamic 

Pyruvic Transaminase (GPT) Activity: 

             Data of the GPT activity in 

haemolymph of the last instar larvae of A. 

ipsilon were arranged in Table (4). 

Depending on these data, GPT activity 

gradually increased in haemolymph of 

uninfected (control) last instar larvae with 

the age (34.11±2.85, 37.97±1.66 & 

38.91±1.03 U/L, at 6, 24 and 48 hr, 

respectively). As clearly shown by these 

data, GPT activity was predominantly 

declined at all time intervals by all tested 

EPNs, with one exception of slightly 

increased activity at 6 hr by S. carpocapsae 

(+1.06% activity increment). On the other 

hand, the GPT activity was increasingly 

reduced with the age of the last instar larvae 

(-14.35 and -17.99% activity reduction by S. 

carpocapsae, as well as -31.92 and -37.49% 

activity reduction by H. bacteriophora, at 24 

and 48 hr, respectively). Also, H. 

bacteriophora exhibited stronger reducing 

potency on the GPT activity than S. 

carpocapsae.  

 

Table 4: Glutamic pyruvic transaminase activity in haemolymph (U/L) of last (6th) instar 

larvae of A. ipsilon as influenced by infection of the newly moulted 5th instar larvae 

with LC50 values of the tested EPNs.  

 
a, b: see footnote of table (1). 
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DISCUSSION 

             Entomopathogenic nematodes 

(EPNs) in the families of Steinernematidae 

and  Heterorhabditidae are lethal 

endoparasites of insects, which could secrete 

active substances, including toxins, 

proteases, and so on, contributing to the 

lethal effect on infected host insects (Brown 

et al., 2006; Ffrench-Constant et al., 2007; 

Toubarro et al., 2009). The lethal processes 

caused by these insecticidal active 

substances of EPNs are often related to the 

activity changes of some enzymes in the host 

insects (Grewal et al., 2005; Ahmed et al., 

2014; Ibrahim et al., 2019). Besides these 

nematode secretions, their associated 

symbiotic bacteria also secrete certain toxins 

for suppressing the immune responses of the 

host insect ending in the host's death. For 

example, Xenorhabdus nematophila, the 

symbiont bacterium of Steinernema 

carpocapsae, secretes several enzymes, 

including hemolysins, lipases, and proteases, 

which are thought to contribute to virulence 

or nutrient acquisition for the bacterium and 

its nematode host in vivo (Koppenhöfer, 

2007; Richards and Blair, 2010; Van Damme 

et al., 2016; Askitosari et al., 2021; El 

Aalaoui et al., 2022).  

           As reported by many authors (Abdel-

Razek et al., 2004; Shaurub et al., 2015; 

Ibrahim et al., 2015; Shairra et al., 2016; 

Vidhya et al., 2016; Shaurub et al., 2020; 

Ghoneim et al., 2022), some EPNs 

influenced certain metabolic activities of a 

number of insects, including some enzymes 

and the main body metabolites.  

1. Disturbed Activities of Phosphatases in 

Haemolymph of A. ipsilon Larvae by 

EPNs H. bacteriophora and S. 

carpocapsae: 

            In insects, detoxifying enzymes are 

generally involved in the enzymatic defense 

against foreign materials and play a crucial 

role in decreasing the toxicity of xenobiotics 

in order to maintain the normal physiological 

functions in the body (Visetson and Milne, 

2001; Mukanganyama et al., 2003; Li and 

Liu, 2007). The detoxification can be 

achieved in insects by different enzymes, 

such as esterases, phosphatases, glutathione 

S-transferase, glutathione peroxidase, 

glutathione reductase, superoxide dismutase, 

catalase, and they have been reported as 

protectants against the oxidative stresses 

(Zibaee et al., 2011; Altuntaş et al., 2016). 

As clearly reported, phosphatases have been 

included in the category of detoxifying 

enzymes (Srinivas et al., 2004; Zheng et al., 

2007). Phosphatase activity is related to the 

physiological state of the cell (Ali et al., 

2013). As a lysosomal enzyme, acid 

phosphatase may have a role in autophagy 

and cell turnover as well as defense (Xia et 

al., 2000). In addition, acid and alkaline 

phosphatases are hydrolytic enzymes and are 

responsible for removing phosphate groups 

from many types of molecules, including 

nucleotides, proteins, and alkaloids in 

alkaline and acidic conditions, respectively 

under the name of dephosphorylation 

(Zibaee et al., 2011). These two 

phosphatases not only hydrolyze phosphate 

groups from the ingested toxic molecules 

and naturally occurring ones, but also their 

activities may refer to the efficiency of 

digestion and transportation within the insect 

body (Nation, 2008; Zibaee et al., 2011).  

1.1. Disturbed Activity of Acid 

Phosphatase (ACP) in Haemolymph of A. 

ipsilon Larvae by EPNs: 

            In the present study, ACP activity 

significantly increased in haemolymph of 6 

hr-old last instar larvae of A. ipsilon, after 

infection of penultimate instar larvae with 

the EPN S. carpocapsae or H. 

bacteriophora. H. bacteriophora exhibited a 

higher enhancing potency on the enzyme 

activity than S. carpocapsae, at this time. 

This result was in agreement with many 

reported results of increasing ACP activity in 

larvae of various insects after infection with 

different EPNs, such as larvae of the 

Mediterranean fruit fly Ciratitis capitata 

after infection with Steinernema riobrave 

and H. bacteriophora (Soliman, 2002); 

larvae of the Egyptian cotton leafworm 

Spodoptera littoralis after infection with S. 
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riobrave and H. bacteriophora (Ahmed et 

al., 2014); A. ipsilon 6th instar larvae at 6 hr 

post-infection with Steinernema glaseri or H. 

bacteriophora (Hassan et al., 2016);  the 5th 

nymphs of the desert locust Schistocerca 

gregaria after infection with 1000 IJs of H. 

bacteriophora (Gaber et al., 2018); the 3rd 

instar larvae of S. littoralis after infection 

with EPNs H. bacteriophora and S. 

carpocapsae (Gomaa et al., 2020); and the 

4th instar larvae of S. littoralis after infection 

with LD50 values of S. riobrave or H. 

bacteriophora for 24 hr (Shaurub et al., 

2020). Also, increased ACP activity in the 

haemolymph of some insects after infection 

with entomopathogens have been reported 

(Xia et al., 2001; Mirhaghparast et al., 2013; 

Vidhya et al., 2016). 

             The increasing ACP activity in A. 

ipsilon larvae, in the present study, might 

indicate physiological adaptability to combat 

oxidative stress or might be related to an 

inhibition of the lipid peroxidation process 

and physiological response mechanism 

against the nematode toxic secretions. Also, 

the increasing activity of ACP, in the current 

study, might be attributed to its role in the 

transportation of lipids, such as 

monoacylglyceroles, through low-density 

lipoproteins to supply the energy demands of 

the treated larvae (Khorshidi et al., 2019). 

The increase of ACP activity in A. ipsilon 

larvae might be due to the phagocytosis of 

certain hemocytes to the invading 

nematodes, since phagocytosis is known to 

stimulate the production of lysosomal 

enzymes, and ACP acts as a lysosome 

marker (Xia et al., 2000; Hassan et al., 

2016). In general, the increase of ACP 

activity, in the current study, might be an 

attempt by the infected insect to defend 

against the invading pathogens, where 

lysozymes are a component of humoral 

immunity (Mohamed et al., 2016; Satyavathi 

et al., 2018; Dorrah et al., 2019). 

              In contrast, ACP activity was 

remarkably decreased in haemolymph of 24 

and 48 hr-old last instar larvae of A. ipsilon, 

after infection of the penultimate instar 

larvae with S. carpocapsae or H. 

bacteriophora, in the present study. This 

result was, to some extent, corroborated with 

a few reported results of decreasing ACP 

activity in larvae of some insects after 

infection with some EPNs, such as late 3rd 

instar larvae of C. capitata after infection 

with H. bacteriophora AS1, H. 

bacteriophora HP88, S. carpocapsae ALL, 

and S. riobrave ML29 (Shaurub et al., 2015) 

and 5th nymphs of S. gregaria after infection 

with 2000 IJs (high concentration) of H. 

bacteriophora (Gaber et al., 2018). Also, 

these results were in accordance with some 

reported results in the available literature on 

different host species infected with different 

nematodes (Żółtowska et al., 2006; Wu et 

al., 2013; Ahmed et al., 2014).  

              In the current investigation, the 

decrease of ACP activity could be due to the 

inability of the cell to undergo enzymatically 

controlled reactions under nematode 

infection (Soliman, 2002). In addition, 

decreasing ACP activity might be due to the 

reduced phosphorus liberation for energy 

metabolism and decreased rate of 

metabolism, as well as a decreased rate of 

transport of metabolites (Senthil Nathan et 

al., 2005). Also, the declination of ACP 

activity in A. ipsilon larvae, as a response to 

infection with the tested EPNs, might be due 

to strong inhibition of ecdysone which is 

followed by a subsequent decrease in the 

number of lysosomes and in turn declined 

level of ACP (Hassan, 2002). 

1.2. Disturbed Activity of Alkaline 

Phosphatase (ALP) in Haemolymph of A. 

ipsilon Larvae by EPNs: 

                Depending on the currently 

available literature, there are many reported 

results of increasing ALP activity in several 

insects as a response to infection with certain 

EPNs. For example, Soliman (2002) 

recorded an increase of ALP activity in the 

last instar larvae of C. capitata after 

infection with S. riobrave and H. 

bacteriophora. Ahmed et al. (2014) found an 

increasing activity of ALP in S. littoralis 

larvae as a response to the infection with S. 

riobrave and H. bacteriophora. The ALP 

activity increased in the 3rd instar larvae of S. 
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littoralis after infection with two EPN 

isolates (H. bacteriophora and S. 

carpocapsae) and the entomopathogenic 

fungus, Beauveria bassiana, separately on in 

combination (Gomaa et al., 2020). Also, 

increased activity of ALP was determined in 

the 4th instar larvae of S. littoralis after 

incubation with LD50 values of S. riobrave 

and H. bacteriophora for 24 hr (Shaurub et 

al., 2020). Results of the present study were 

consistent with those reported results since 

ALP activity increased in the haemolymph 

of A. ipsilon at 6 hr of the last instar larvae 

after infection of the penultimate instar 

larvae with S. carpocapsae or H. 

bacteriophora. 

              On the contrary, the current 

investigation found that ALP activity was 

considerably reduced in the haemolymph of 

24 and 48-old last instar larvae of A. ipsilon, 

after infection of penultimate instar larvae 

with S. carpocapsae or H. bacteriophora. 

Depending on the reduction of ALP activity 

at 48 hr, S. carpocapsae exhibited stronger 

reducing potency than H. bacteriophora. 

These results were, to some extent, in 

accordance with few reported results of 

decreasing ALP activity in larvae of some 

insects after infection with certain EPNs, 

such as a slight decrease of the ALP activity 

in S. littoralis larvae after infection with S. 

feltiae (Ahmed et al., 2014); significantly 

declined ALP activity in the late 3rd instar 

larvae of C. capitata due to infection with 

four EPNs H. bacteriophora AS1, H. 

bacteriophora HP88, S. carpocapsae ALL 

and S. riobrave ML29 (Shaurub et al., 2015); 

and decreasing activity of ALP in the 5th 

nymphs of S. gregaria at 1000 and 2000 IJs 

of H. bacteriophora (Gaber et al., 2018). 

Also, significantly declined ALP activity 

was recorded in some insects infected with 

other nematodes (Żółtowska et al., 2006; Wu 

et al., 2013).  In the present study, the 

reduction of ALP activity could be attributed 

to the reduced enzyme synthesis and/or 

binding of toxicants at the active site of the 

enzyme (Shakoori et al., 1994).  

2. Disturbed Activities of Transaminases 

In Haemolymph of A. ipsilon Larvae as 

Response to EPN Infection: 

               Glutamic oxaloacetic transaminase 

(GOT, or Alanine aminotransferase, ALT) 

and Glutamic pyruvic transaminase (GPT, or 

aspartate aminotransferase, AST) are the key 

enzymes of transamination within the 

intermediary metabolism of insects to make 

amino acids available for biochemical 

demands (Knox and Greengard, 1965; Plant 

and Morris, 1972). Some authors (Ender et 

al., 2005; Etebari et al., 2005) reported that 

these transaminases constitute a strategic 

link between carbohydrate and lipid 

metabolism. They are known to be disturbed 

under various physiological and pathological 

conditions. In other words, disturbance of 

these enzymes in insects denotes 

biochemical impairment and lesions of 

tissues and cellular function because they are 

involved in the detoxification processes and 

metabolism (Enan and Berberian, 1986). 

             In the current study, GOT activity 

significantly increased in the haemolymph of 

A. ipsilon at 6 hr of the last instar larvae after 

infection of penultimate instar larvae with S. 

carpocapsae or H. bacteriophora. At 24 hr, 

GOT activity considerably increased by H. 

bacteriophora while decreased by S. 

carpocapsae. At 48 hr time intervals, GOT 

activity was greatly decreased by both EPNs. 

With regard to GPT, its activity was 

predominantly declined after infection with 

S. carpocapsae or H. bacteriophora, at all-

time intervals, with few exceptions. 

However, these predominately reduced 

activities of GOT and GPT in A. ipsilon after 

infection with S. carpocapsae or H. 

bacteriophora were in  an agreement with 

many reported results of decreased activities 

of transaminases in some insects after 

infection with certain EPNs. For example, 

GOT and GPT activities decreased in C. 

capitata last instar larvae after infection with 

S. riobrave and Heterorhabditis sp. 

(Soliman, 2002). The activities of GOT and 

GPT were remarkably decreased at 48 hr 

post-infection of 4th instar larvae of S. 

littoralis with H. bacteriophora and S. 

riobrave (Ahmed et al., 2014). The activity 

of GOT and GPT of late 3rd instar larvae of 
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C. capitata infected by H. bacteriophora 

AS1 and S. carpocapsae ALL was 

significantly decreased (Shaurub et al., 

2015). Shaurub et al. (2020) incubated the 

newly moulted 4th instar larvae of S. littoralis 

with LD50 values of S. riobrave and H. 

bacteriophora for 24 h and determined the 

reduction of the activities of transaminases. 

The activities of GOT and GPT in the 3rd 

instar larvae of S. littoralis were decreased 

after infection with the EPNs H. 

bacteriophora and S. carpocapsae and the 

fungus B. bassiana, separately on in 

combination (Gomaa et al. (2020). 

            To explicate the predominant 

reduction of GOT and GPT activities in A. 

ipsilon larvae after infection with H. 

bacteriophora and S. carpocapsae, in the 

current study, some suggestions could be 

provided. The decreasing activities of these 

enzymes might be attributed to the 

significant decline in the free amino acids 

content (Kaur et al., 1985), the quantum of 

which directly influences the activity of 

transaminases at the time of protein synthesis 

(Soliman, 2002). Also, it might be due to a 

disruption of the link between carbohydrate 

and protein metabolism (Azmi et al., 1998). 

Reduction in transaminase activities has 

been indicated to lead to the required 

reduction in the host protein synthesis since 

these are generalized enzymes involved in 

dephosphorylation and energy transfer 

(Shaurub et al., 2020). The reduction of GPT 

activity might be due to the interference of 

the tested EPNs with the hormonal 

regulation of protein synthesis and 

neurosecretory hormones involved in the 

regulation of transaminase levels (Abulyazid 

et al., 2005). Also, this reduction of GPT 

activity might due to the effects of these 

EPNs on the synthesis or functional levels of 

this enzyme directly or indirectly by altering 

the cytomorphology of the cells (Nath, 

2000).  

Conclusion: 

             Depending on the results of the 

present study, the infection of A. ipsilon 

larvae with the EPNs, Steinernema 

carpocapsae and Heterorhabditis 

bacteriophora caused considerable 

disturbances in the activities of phosphatases 

and transaminases. These disturbances were 

a result of interactions between these 

nematodes and their symbiotic bacteria 

versus the immune responses of A. ipsilon 

ending in death. Therefore, the tested EPNs 

can be used in the biological control 

program, as an effective alternative to 

chemical pesticides against the present 

dangerous insect, A. ipsilon.  
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