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Abstract 

Background Biological control of insect pests is an economic, eco‑friendly and harmless approach to integrated pest 
management strategies. Bracon hebetor (Say) (Hymenoptera: Braconidae) considers a polyphagous ectoparasitoid of 
various pests of the order Lepidoptera. The parasitized host insects’ defense mechanisms are triggered as a result of 
the parasitic wasps’ injury and penetration. Thus, induce the host cellular and humoral immune responses through a 
blend of secretions injected into the host body. The present study was designed to evaluate the efficacy of B. hebe-
tor on the immune response of the parasitized full grown larval instar of the rice moth, Corcyra cephalonica (Stainton) 
(Lepidoptera: Pyralidae) under natural envenomation.

Results On cellular level, the ultrastructure examination of the hemocytes displayed a considerable structural 
deformation in hemocyte morphology of the detected types of the hemocytes. Moreover, the effects of parasitism 
on both differential hemocyte counts (DHCs) and total hemocyte counts (THCs) were investigated. The number of 
prohemocytes (PR) (40.33 ± 5.61, 43 ± 8.33 and 26 ± 2.31) was statistically differed after (24, 48 and 72 h) of parasitism, 
respectively, compared to unparasitized (31.33 ± 6.49) larvae. Similar observations were recorded in plasmatocytes 
(PL) before and after the parasitism. However, Spherulocytes (SP) and Oenocytoids (OE) were recorded in the hemo‑
lymph with little abundance. On the other side, the quantitative analysis of total hemolymph proteins (THP) provoked 
a significant effect of considering parasitized and non‑parasitized larvae. As the Phenoloxidase (PO) cascade plays a 
critical role in immune defenses, so the substantial activation of PO in the host’s hemolymph following successive 
hours of parasitism compared to unparasitized larvae using L‑DOPA as a substrate indicated the induction of larval 
immune system. The parasitized larvae showed a gradual increase in the PO activity (0.442 ± 0.103) after 24 h reached 
up to (1.482 ± 0.272) at the end of parasitism (72 h) in comparable to unparasitized larvae (0.177 ± 0.0.044).

Conclusion The present investigations clarified the efficacy of B. hebetor parasitism on the host immune mechanism, 
which will enable the progress of sustainable stored product protection approaches for the control of an important 
pest rice moth C. cephalonica.
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Background
Natural enemies such as parasitic wasps represent an 
alternative and environmentally compatible approach 
that pay attention to ecologists to overcome the use of 
synthetic insecticide in post-harvest systems. These natu-
ral enemies are able to reproduce incessantly for as long 
as the hosts are available, thus confirming the sustainabil-
ity of their populations for long-term regulation of pest 
populations (Dieckhoff et al. 2017). Parasitoid wasps can 
disperse rapidly and detect hosts in hidden crevices and 
corners. The parasitoids of insects have established dif-
ferent lifestyles for example, idiobiont prevent the host 
growth after initially immobilizing it. On the other side, 
the koinobiont, where the parasitoids host continues to 
feed in addition to growth also, remains after parasitiza-
tion (Resh and Cardé 2009).

The innate immune system of insects consists of two 
broad categories of effectors which are constitutive and 
induced (Schmid-Hampel 2005). Constitutive responser 
generally comprises the humoral prophenoloxidase acti-
vating system and cellular responsers including coagula-
tion, phagocytosis, nodule formation and encapsulation 
(Fathy 2019).

The ectoparasitoid, Bracon hebetor (Say) (Hymenop-
tera: Braconidae), is considered as one of the most effi-
cient biological control agents of several lepidopterous 
pests. It completes its larval growth on host larvae after 
parasitized it.

The rice moth,  Corcyra cephalonica (Stainton) (Lepi-
doptera: Pyralidae), is considered an economically seri-
ous stored product pest. It causes severe damage to grains 
and products in storage under changing environmental 
conditions. It can be easily maintained on a variety of 
rearing media, and it has a short life cycle making it an 
abundant host (Vincent et  al. 2021). Therefore, detailed 
information on rice moth immune response toward the 
parasitoid wasp is required, as a biological control agent 
for developing integrated management systems.

The cellular defense reaction against foreign bodies is 
formed by hemocytes (Ratcliffe 1993). So, the concentra-
tion of circulating hemocytes in the hemolymph of the 
parasitoid indicates the activation of host’s immune sys-
tem or not (Brehélin 1982). Hemocytes are convenient to 
investigate host-parasitoid interactions.

Encapsulation and melanization of the foreign par-
ticles consider one of the most vital immune responses 
in insects. Phenoloxidase (PO) cascade is the main fac-
tor in the process of melanization. It is generally present 
as inactive proenzyme proPhenoloxidase (proPO) in the 

hemolymph of insects (Leonard et  al. 1985). Parasitism 
releases constituents that are immune-competent cells to 
suppress immune phenoloxidase cascade (Vinson 1990). 
The present study was planned to evaluate the significant 
effect of the ectoparasitic wasp, B. hebetor on cellular and 
humoral immunity of C. cephalonica parasitized host lar-
vae compared to the unparasitized ones.

Methods
Rearing of Corcyra cephalonica
The initial culture of C. cephalonica eggs used in this 
study was obtained from the Center of Bio-organic Agri-
cultural Services (CBS), in Aswan, Egypt. Larvae were 
originated in Biological Control Department, Plant Pro-
tection Research Institute, Agricultural Research Center, 
Giza, Egypt. A colony from the moth was maintained 
and reared for several generations. The insect rearing 
technique was conducted according to the methodology 
reported by Bernardi et al. (2000), moths were reserved 
for 24 h to permit oviposition in container, half filled with 
wheat germ (97%) and yeast (3%), and an equal number 
of females and males were paired after adult emergence. 
Eggs were collected out and placed in a new container 
with new food. Experimental procedure was done under 
controlled laboratory conditions of 25 ± 1  °C, Relative 
Humidity 60 ± 10% and 14/10 light and dark photo-
period. The fully developed larvae were subjected to 
parasitism.

The parasitoid wasp, Bracon hebetor
The parasitoid, B. hebetor adults were obtained from the 
Egyptian Desert Research Centre, Cairo, Egypt. Accord-
ing to the procedures described by Mansour (2012) and 
Manzoor et al. (2016), only full grown instar larvae of C. 
cephalonica were used to raise the wasp population. Pairs 
of parasitoids were placed in vials (2  cm × 10  cm) and 
provided with host larvae. The parasitoid’s females usu-
ally paralyze their hosts before laying their eggs on the 
body of their hosts. The newly hatched parasitoid larvae 
were fed on the paralyzed host. Adult parasitoids were 
reared in glass jars (500-ml) under laboratory conditions 
of 28 ± 2 °C; 75 ± 5% RH and 16:8 h (L: D).

Host parasitization
Two couples of B. hebetor that had been mated for 24 h 
were transferred into a glass jar (10 × 20 cm). The jar was 
provided with 15 C. cephalonica fully developed larvae, 
and jars were covered with a rubber band and a piece 
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of muslin cloth to prevent escaping the larvae. The lar-
val parasitized by the wasp was separated individually 
in a Petri dishes (5 × 3.5  cm) and incubated under con-
trolled chamber for supplementary observations. Three 
independent Petri dish sets each contained 5 larvae were 
maintained for different post-parasitization experiments.

Hemolymph collection
This technique was used for separating hemocytes from 
pure plasma needed for biochemical analysis, in which 
most works were done with pooled samples of larger 
volumes. According to Hoffmann (1980), the hemo-
lymph from several larvae was pooled and immediately 
collected into a sterile micro-centrifuge tube containing 
traces of phenylthiourea and then, diluted 5 × with saline 
solution 0.5% previously cooled. Normal and parasitized 
larvae were removed from the rearing cages, weighted 
individually, then submerged in a hot water bath at 
60  °C for 2–5  min and then, allowed to dry on a paper 
towel. The hemolymph samples were then centrifuged at 
2000  rpm for 5 min (Human Centrifuge, TGL-16XYJ-2, 
16,000  rpm, Korea). The supernatant (Plasma) fractions 
were removed from the hemocytes pellet, poured into 
another sterile tube and stored at −  18  °C until use for 
humoral response experiments directly or frozen until 
use. While, hemocytes were collected and prepared for 
hemocyte identification.

Hemocytes examination
The hemocytes of normal and parasitized larvae were 
collected as described above and prepared for Transmis-
sion Electron Microscope (TEM) in the Regional Center 
for Mycology and Biotechnology- AlAzhar University, 
Cairo. Egypt. The first step was the fixation of hemo-
cyte samples with 2.5% glutaraldehyde, 5  mM calcium 
chloride, and 2% sucrose in 0.1 M cacodylate buffer (pH 
7.2) for 1  h at room temperature. Then, samples were 
rinsed in 0.1 M cacodylate buffer (pH 7.2) containing 2% 
sucrose and post-fixed in 1% osmium tetroxide (OSO4), 
0.8% potassium ferrocyanide and 5 mM calcium chloride 
in 0.1 M cacodylate buffer (pH 7.2) for 1 h at room tem-
perature. Followed by dehydration in graded acetone and 
embedded in PolyBed 812 epoxy resin, ultrathin sections 
obtained using a Leica ultramicrotome (Nussloch, Ger-
many) were stained with uranyl acetate and lead citrate 
and subsequently observed using an FEI Morgagni F268 
transmission electron microscope (operating at 80 kV).

Parasitization effects on the hemocyte counts
In order to observe the effect of parasitism on the larval 
host hemocytes, differential and total blood cells were 
examined. Differential Hemocyte Counts (DHCs) was 
investigated, using stained blood films of healthy and 

parasitized larvae with light microscopy, according to 
Salt (1970). By inspecting around 100 cells on each slide 
(10 slides made from 10 specimens), distinct hemocytes 
were differentially enumerated. The percentages of the 
various types of hemocytes were determined using the 
following formula:

For Total Hemocyte Counts (THCs), the control and 
parasitized larvae were removed from the vials, accord-
ing to the technique outlined by Jalali and Salehi (2008). 
To execute hemolymph dilution, Thoma white blood cell 
pipette was used to suction hemolymph up to 0.5 mark 
and then, filled with diluting fluid up to the 11 mark. 
After shaking the pipette for many min, the first three 
drips were discharged. The diluted hemolymph was 
placed into a double line hemocytometer, and hemocytes 
were counted using four corner squares and one central 
square. The formula was used to determine the quantity 
of floating or circulating hemocytes/mm3. The experi-
ment was replicated three times for both differential and 
total hemocyte counts, and the data were analyzed to 
obtain mean value and standard error.

Hemolymph protein analysis
For humoral examination of the larval immune response 
toward the parasitism, it was necessary to evaluate either 
quantitative or qualitative hemolymph proteins. Using a 
spectrophotometer and Coomassie brilliant blue G-250 
(CBB), the amount of total protein in the hemolymph was 
determined. The absorbency was determined at 595 nm. 
The method of Bradford (1976) was applied to create a 
standard calibration curve utilizing Bovine Serum Albu-
min (BSA) solutions as the reference proteins.

Electrophoretic separation of hemolymph proteins was 
carried out referring to the protocol stated by Laemmli 
(1970). Using SDS-PAGE, hemolymph proteins were 
separated and documented to both of normal (unpara-
sitized) and parasitized larvae. Through serial days of 
application, analysis of protein bands was made using 
SynGene GeneTools—File version: 4.3.10.0, in the Faculty 
of Science’s Central Laboratory, Ain Shams University, 
Cairo, Egypt.

Assessment of hemolymph phenoloxidase activity
A preliminary test was set up for quantify phenoloxi-
dase activity, in which the production of dopachrome 
from l-dihydroxyphenylalanine (l-DOPA) spectropho-
tometrically at 490  nm was recorded according to Aso 
et al. (1985) with some modifications. l-DOPA (2 mg/ml) 

Number of each hemocyte type

/Total number of hemocytes examined × 10.
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was dissolved in sodium phosphate buffer (SPB) (0.01 M, 
pH 5.9). To ensure that the linear increase in optical den-
sity was respected, aliquots (20  µl) of hemolymph were 

diluted (v/v) in a sodium cacodylate buffer (SCB) of 
0.01  M sodium cacodylate, 0.25  M sucrose, and 0.01  M 
trisodium citrate before being added to 2 ml of l-DOPA 
solution. This process took place over the course of five 
min. In the control state, 20 µl SCB was employed. The 
amount of Phenoloxidase activity was expressed as a PO 
unit, where one unit is the amount of enzyme activity 
necessary to enhance the absorbance by 0.001  min/mg 
protein.

Statistical analysis
Data were compared using the one-way analysis of vari-
ance (ANOVA) in GraphPad Prism software version 
8.0.1. followed by a Duncan multiple rang test, with sig-
nificant differences at P < 0.005.

Results
Physical aspects of parasitism process
The recent investigation showed that B. hebetor was 
highly effective in controlled lab settings with signifi-
cant paralysis rates. Through a brief squeeze of the head 
capsule with forceps, larvae were examined for paralysis; 
when paralyzed, they exhibited no movement (Fig. 1).

The most significant signs of the immune system acti-
vation are the melanization of the insect body. Such 
symptoms provoke the effective combination of both cel-
lular and humoral responses inside the body of treated 
larvae. Results presented in Fig. 2 demonstrate the physi-
cal differences between larvae in their normal state and 

Fig. 1 Photomicrograph demonstrates A full grown larva of Corcyra 
cephalonica; B Parasitoid Bracon hebetor larva; C Threads of formed 
cocoon

Fig. 2 Photomicrograph showing changes in the color patterns of Corcyra cephalonica larvae A normal larva; B 24; C 48 and D 72 h after 
parasitization
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after parasitized by B. hebetor. Control larvae showed 
non-symptoms of melanization, while those with moder-
ate to severe melanization exhibited minimal movement 
(lethargy), and gradually shrank over time (brachytosis). 
Melanization was seen in parasitized larvae. Morbid lar-
vae also exhibited anorexia and brachytosis 24, 48 and 
72 h after exposure to the parasitoid.

Ultrastructural examination of larval hemocytes
Five distinct hemocyte types were documented using full 
grown larval instar of C. cephalonica using Transmission 
Electron Microscope (TEM). That were represented as 
Prohemocytes, Plasmatocytes, Granulocytes, Spherulo-
cytes and Oenocytoids (Fig. 3).

Following successive hours of parasitization, an obvi-
ous alternation and destructive effects in the ultras-
tructure of different hemocyte types were noticed and 
represented in (Fig.  4). Prohemocytes grew larger or 
assumed an elongated shape, cytoplasmic granules that 
were larger with badly deformed nucleus, and the cell 
membrane was lysed as shown in (Fig. 4A). Intense vac-
uoles were present in the cytoplasm of plasmatocytes, 
furthermore, containing material in various phases of 
degradation and ruptured plasma membrane, which sug-
gested the onset of necrosis (Fig.  4B–C). Granulocytes 
showed clear cytoplasmic vacuolization with nearly 
damaged cell membrane and Fig. 4D. Spherulocytes had 
larger cytoplasmic granules; moreover, the nucleus was 
significantly deformed, the cell membrane was entirely 
lysed, and there were several patches on the nucleus and 
apparent vacuoles in the cytoplasm Fig. 4E. Oenocytoids 
were difficult to identify under TEM due to their rarity 
among the hemocyte population, although cells with a 
distinctive uniformly dense cytoplasm and a dearth of 
organelles, consistent with their description, were seen. 
Oenocytoids had several patches and either eccentric or 
centrally placed nuclei Fig. 4F.

Larval hemocyte counts
The immune system of C. cephalonica was clearly 
affected by the application of B. hebetor. Both differential 
and total hemocyte counts (DHC and THC) were sub-
jected to considerable fluctuations.

Data obtained in Table  1 presented that the DHCs of 
both parasitized and non-parasitized larvae contain pro-
hemocytes and plasmatocytes as the most prominent 
types. The number of (PR) was statistically differed after 
successive hours of parasitism 24, 48 and 72  h, respec-
tively (40.33 ± 5.61, 43 ± 8.33 and 26 ± 2.31) compared to 
unparasitized (31.33 ± 6.49) larvae. Similar observations 
were recorded in PL before and after the parasitism. The 
GR also considered among the most common hemocyte 

type circulating in the hemolymph, while their relative 
percentages persisted lower than PR and PL (Table  1). 
The residual hemocyte (SP and OE) was documented in 
the hemolymph samples, but their abundance was little 
(Table  1). A significant investigation was also recorded; 
all the hemocyte types were gradually decreased in 
their abundance through the application period than 
the unparasitized larvae, except plasmatocytes which 
recorded their maximum values after 72  h of biological 
control application (Table 1).

The consequence of B. hebetor natural envenomation 
on the full grown larvae of C. cephalonica reflected an 
obvious effect in the cellular immune response of the 
parasitized larvae through the fluctuations that were 
recorded in the total hemocyte count in (Table 2). Non-
significant difference (P > 0.05) was recorded between 
unparasitized and parasitized larvae after 24  h. While 
after consecutive hours (48 and 72 h) of response, there 
was a significant difference in the THC (P < 0.05), consid-
ering parasitized and non-parasitized larvae.

Analysis of hemolymph protein
The effectiveness of biological control progressions 
depends on the host-parasitoid systems’ physiological 
and biochemical alternations. The period after parasitism 
(24, 48, and 72 h) revealed a slight reduction in total pro-
tein, the difference in total hemolymph protein between 
parasitized and unparasitized hosts was statistically sig-
nificant as presented in (Table 2).

After the spectrophotometric analysis of total plasma 
protein further documentation was made by SDS-PAGE 
to evaluate the qualitative changes that occurred in the 
larval hemolymph following natural envenomation as 
shown in Fig.  5 and analyzed in Fig.  6. Lane (1) repre-
sented the molecular weight marker that was separated 
into 13 bands with MW ranging from (245–7.37 KDa) 
(Figs.  5 and 6A). The hemolymph proteins of unpara-
sitized larvae (Normal) were documented in Lane (2); 
separated into 16 bands with MW (436.73–7.37  kDa) 
(Figs.  5 and 6B). Protein bands of parasitized host’s 
hemolymph were shown in Lanes (3, 4, and 5) at 24, 48, 
and 72 h of application (Fig. 5). Lane 3 marked 15 pro-
tein bands of the larval hemolymph after 24  h of para-
sitism with the same MW range of unparasitized larvae 
(Figs. 5 and 6C). While, Lane 4 showed 18 protein bands, 
following 48 h of parasitism with MW (422.38–7.46 kDa) 
(Figs.  5 and 6D). At end of tracking, the effect of para-
sitism on the host’s hemolymph Lane 5 indicated slight 
decline in the protein banding pattern reached 14 bands 
with MW (436.73–7.37 kDa). A common band was docu-
mented in the hemolymph of parasitized larvae at 48 and 
72 h with Mw (49.51KDa).
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Fig. 3 Electromicrographs of the ultrastructure of hemocytes of fully developed larval instar of Corcyra cephalonica in normal physiological state A, 
B Prohemocyte; C, D: Plasmatocytes; E, F: Granulocytes; G: Spherulocytes; H: Oenocytoids with Nucleus (N); mitochondria (MI); Rough endoplasmic 
reticulum (RER); Electron Dense Granules (d). Scale bar represents 500 nm (A, C, D, E, F, G, H) and 100 nm (B)
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Fig. 4 Electromicrographs of the ultrastructure of hemocytes of fully developed larval instar of Corcyra cephalonica in irregular physiological 
conditions. A Prohemocyte; B, C: Plasmatocytes; D: Granulocytes; E: Spherulocytes; F: Oenocytoids. with Nucleus (N) and Mitochondria (MI), Electron 
Dense Granules (d), Vacuole (v); Cytoplasmic projections (Cp); Cell Membrane degenerated (Cd); heterogeneous granules (h). Scale bar represents 
500 nm (A, B, C, D, F) and 100 nm (E)
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Evaluation of hemolymph phenoloxidase (PO) activity
The activity of PO in the full-grown larval instar hemo-
lymph of unparasitized as well as naturally envenomated 
larvae of C. cephalonica by the parasitic wasp, B. hebe-
tor is documented in Table 2. The Initial PO activity lev-
els were (0.177 ± 0.0.044) for unparasitized larvae. The 
parasitized larvae showed a gradual increase in the PO 
activity starting from 24 h after stinging (0.442 ± 0.103). 
The maximum activity reached up to (1.482 ± 0.272) at 
the end of a successive period of parasitism (72 h). Data 
revealed significant gradual induction of Phenoloxidase 
activity as a result of parasitism (Table 2).

Discussion
The effects of endo-parasitism by parasitic wasps on 
physiological changes and host immunological defense 
that takes place during parasitism in insect hosts for 
koinobiont endoparasitoids have been the subject of 
numerous studies. However, little is known about idi-
obiont ectoparasitoids and how these parasitoids affect 
the physiology of their target hosts. Also, the insect’s 
immune system condition during parasitization is less 

well understood. The present study sought to understand 
some physiological changes in the host C. cephalonica 
full-grown larvae as well as the cellular and humoral 
immune responses.

In this study, moribund larvae were identified by their 
melanization, paralysis and reduced survival periods. 
The symptoms of the illness are probably brought on by 
a reaction in the hemolymph and collateral damage from 
insect immune responses toward the parasitic wasp’s nat-
ural envenomation. The paralysis of the parasitized larvae 
is arbitrated by three partially characterized proteins as 
a result of natural envenomation of the parasite’s venom 

Table 1 Differential Hemocytes Count (DHC) in the hemolymph of fully developed larvae of C. cephalonica before and after successive 
periods of parasitization by B. hebetor 

Means followed by the same letter in the same raw are not significantly different (P > 0.05); n = 5

Hemocytes DHC

Control 24 h 48 h 72 h P F

Prohemocytes (PR) 31.33 ± 6.49a 40.33 ± 5.61b 43 ± 8.33b 26 ± 2.31c 0.2476 1.68

Plasmatocytes (PL) 35 ± 4.51a 28 ± 7.09b 31 ± 4.62b 52 ± 8.18c 0.1021 2.893

Granulocytes (GR) 18.33 ± 5.84a 17.67 ± 4.05a 18 ± 2.31a 16.67 ± 8.7a 0.9971 0.01567

Spherulocytes (SP) 13.67 ± 3.48a 13 ± 3.05a 7.33 ± 2.33b 5.33 ± 1.45b 0.1480 2.355

Oenocytes (OE) 1.67 ± 0.33a 1 ± 0.58a 0.67 ± 0.33b 0.0 ± 0.0c 0.0709 3.467

Table 2 Effect of B. hebetor parasitism at different periods on 
Total Hemocytes Count (THC), total protein concentration (mg/
ml) and Phenoloxidase (PO) activity in the hemolymph of fully 
developed larvae of C. cephalonica 

Means followed by the same letter in the same column are not significantly 
different (P > 0.05); n = 5

Period of 
parasitism

THC Total hemolymph 
proteins (mg/ml)

PO—activity

Control 3107 ± 245.40a 232.93 ± 4.02ab 0.177 ± 0.044a

24 h 3131 ± 372.36a 245.77 ± 3.20b 0.442 ± 0.103a

48 h 2915 ± 152.55b 222.07 ± 5.38ac 0.753 ± 0.094a

72 h 2476 ± 275.39c 214.33 ± 3.10c 1.482 ± 0.272b

P 0.359 0.0029 0.0018

F 1.24 11.48 13.32

Fig. 5 Electrophoretically separated hemolymph Protein bands 
of full grown larval instar Corcyra cephalonica of Unparasitized and 
Parasitized larvae by natural envenomation of Bracon hebetor at 
Consecutive period of parasitism. Separated using SDS‑ PAGE (10%). 
MW: Wide range molecular weight marker (245–11 kDa). Equivalent 
protein amounts of 20 μg/lane were loaded. lane1: Marker of protein; 
lane 2: (N) Normal hemolymph of Corcyra cephalonica larvae; lane 3: 
hemolymph after 24 h post‑parasitism; lane 4: hemolymph after 48 h 
post‑parasitism; lane 5: hemolymph after 72 h post‑parasitism
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Fig. 6 Changes in the Retardation factor (RF) of separated hemolymph protein bands of full grown larval instar Corcyra cephalonica of both 
Unparasitized and Bracon hebetor Parasitized larvae through natural envenomation of at Successive period of parasitism. A lane 1 (MW Marker of 
protein); B lane 2 (Unparasitized hemolymph of C. cephalonica larvae); C lane 3 (hemolymph after 24h post parasitism); D lane 4 (hemolymph after 
48h post parasitism); E lane 5 (hemolymph after 72h post parasitism)
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that presynaptically blocks glutaminergic transmission 
(Labrosse et al. 2005).

In this investigation, melanization which indicates the 
activation of the PPO cascade was the first apparent sign 
of an immune response against a parasitoid activity. The 
start of the humoral response was at the dorsal vessel, 
where melanin can be seen around it through the cuti-
cle. This was probably caused by hemolymph movement 
accumulating melanized (darkening of cuticle) particles 
around the dorsal vessel, which sessile hemocytatic cells 
then phagocytosed. The same explanation for the results 
seen was made clear by Sigle and Hillyer (2016). Since 
the degree of melanization grew over time, it is possible 
to use it as a visual signal to evaluate immune responses. 
Also, may be a consequence of increasing hemolymph 
secretions due to the immune induction in the hemocoel 
and increasing activation of the PPO cascade. Our expla-
nation is consistent with (Chen and Keddie 2021), who 
offered elucidations regarding the impact of intrahemo-
cylic injection of pathogenesis in Galleria mellonella 
(L.). Such an explanation is supported by our previously 
stated results of biochemical analysis and cellular investi-
gations against the parasitic effects.

The venomous substances that the parasitoid’s female 
injects into the host to paralyze it, while it lays eggs often 
can lower the host’s immunity (Shelby et al 2000).

Obtained results showed that the host larvae’s differ-
ential hemocyte counts were reduced after one day and 
two days’ intervals of envenomation, and their hemo-
cytes profiles considerably changed over the course of the 
experiment in response to parasitization. As a result of 
parasitization, it was found that there was a decrease in 
the number of PR, PL, GR, SP, and OE. Given that these 
cells do not play specialized roles in the cellular immune 
response and are, therefore, more susceptible to patho-
genic infection, it is hypothesized that limited imaging 
of these cell types reflects the reduction in their con-
centration (Cunha et al. 2009). In contrast to Silva et al. 
(2002), who showed that at the end of the third instar 
but not at the beginning, parasitized larvae by Anastre-
pha obliqua had more hemocytes than unparasitized 
ones based on circulating hemocyte’s count. DHC asserts 
that the increased amount of prohemocytes is the cause 
of the higher number of hemocytes. They attributed this 
increase to the fact that an increase in the number of 
hemocytes in an insect’s hemolymph is a typical reaction 
to parasitism (Eslin and Prévost 1998).

Numerous proteins found in insect hemolymph are 
involved in a variety of immunological, physiological, and 
developmental processes. Some of these proteins have 
been extracted, and it has been demonstrated that they 
have dual functions in hemolymph (Rosell and Coons 
1991). According to earlier research, ectoparasitism and 

endoparasitism results in a decrease in the total amount 
of hemolymph protein (Coudron et  al. 1997). It is well 
established that ichneumon and braconid endopara-
sitoids elicit a variety of physiological changes in their 
insect hosts, including changes to their endocrine and 
developmental programming (Lawrence 1993). There 
are qualitative and quantitative alterations in the plasma 
protein composition of hosts when endoparasitoids para-
sitize them, notably lepidopteran species (Rahbé et  al. 
2002).

The present study demonstrated that parasitism had a 
number of consequences on the host hemolymph. These 
might have something to do with the host’s immunosup-
pression, parasitoid development, and nourishment. Fol-
lowing parasitization, there will likely be a drop in some 
hemolymph proteins in host larvae; on the other side, an 
increase in other proteins may be caused by the break-
down of fat body and tissue proteins or may be influenced 
by parasitoid venom to regulate the host, such explana-
tions are similar to that of Altuntaş et  al. (2010). Addi-
tionally the noticeable appearance of new protein bands 
for the secerned protein profile maybe as defensive pro-
teins, which were synthesized as the host’s immune reac-
tive proteins or may be related to ectoparasitoid venom 
that contains a various range of proteins and peptides 
(Nakamatsu and Tanaka 2003). In other studies, venom 
proteins are reported to have an immunosuppressive 
role or even induce host castration (Asgari et  al. 2003). 
Similarly, in the present study, elevation in the quantity 
of protein may have been a result of the effects of para-
lytic toxins in the venom. The recorded common protein 
band with molecular weight (49.51 KDa) at 48, 72 h post 
exposure to parasitoid was suggested to be phenoloxidase 
(PO) that was triggered and released as a result of para-
sitization and induction of the host’s immune response 
toward the envenomation. Such elucidation is in accord-
ance with those of many researchers (Radwan et al. 2022) 
who recorded the appearance of new protein band ref-
ereed as PO after induction the immune system of their 
studied lepidopterous pests by different immune activat-
ing factors.

Phenoloxidase (PO) is only one enzyme in a multi-
enzyme cascade also called tyrosinase, which possesses 
both monophenol monooxygenase activity. The present 
study revealed rare enzyme activity in unparasitized lar-
vae since the enzyme is in the pro-form, lysis of hemo-
cytes alone would not result in a direct rise in PO activity. 
Following exposure to the parasitic effect, a significant 
increase in PO activity was recoded and such elevation 
was attributed to the activation of host immune system. 
The activation of enzymes upstream such as prophe-
noloxidase activating proteinases or venom components 
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themselves may cause PPO to convert into its active form 
PO (Hartzer et al. 2005).

The present study demonstrated that parasitism had 
many consequences on the host hemolymph. These might 
have something to do with the host’s immunosuppression, 
parasitoid development, and nourishment. Following para-
sitism, there will likely be a drop in some hemolymph pro-
teins in host larvae, but an increase in other proteins may 
be caused by the breakdown of fat body and tissue proteins 
or may be influenced by parasitoid venom to regulate the 
host. Also, showed that parasitism significantly affects the 
host’s cellular and humoral immune response, which ulti-
mately results in the pest insect’s death.

Conclusion
An evidence that both the adult wasp and the parasitoid 
larva can trigger humoral immune responses in the host 
larvae was provided, despite the fact that an attack by the 
idiobiont ectoparasitoid, B. hebetor, leads in the lethal 
envenomization of C. cephalonica larvae. So, the natural 
enemy B. hebetor, a biological control agent that has also 
advantageous for the environment, can thus be utilized 
effectively by integrated pest management programs.
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