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The Effects of Entomopathogenic Fungus, Tolypocladium 
cylindrosporum on Cellular Defence System of Galleria  

mellonella  

A. R. Bandani1  

ABSTRACT 

The entomopathogenic-fungus-life cycle is associated with the synthesis and secretion of 
a number of toxic metabolites, including extracellular enzymes and the low-molecular 
weight compound (toxin). The potential for a successful pathogen relies on the ability to 
overcome the various host-defence systems. Interaction between the fungus, Tolypocla-
dium (Deuteromycetes), its secondary metabolite, and its host cellular defence were inves-
tigated using in vivo and in vitro studies. In vitro studies showed that toxins (efrapeptins) 
inhibit phagocytic activity of Galleria mellonella (Lep: Pyralidae) haemocytes. The effect 
of efrapeptins on phagocytosis was in a dose-dependent manner i.e. the amount of phago-
cytosis in a treated cell-culture with 0, 3, and 30 μg efrapeptins per well was about 12, 7.5, 
and 4.5 %, respectively (P<0.05).  In vivo studies showed that injection of insects with 0, 
0.25, and 0.025 μg toxin rendered percentages of phagocytosis of 13, 11.5, and 7.2, respec-
tively (P<0.05). There was no significant reduction in the total haemocyte count (THC) 
when larvae were injected with Tolypocladium cylindrosporum spores until 24 hours fol-
lowing injection. However, THC was suppressed at 48 hours post-treatment of larvae with 
spores. Considering that toxin suppresses phagocytosis, nodule formation, but not THC, 
this study suggests that efrapeptins may interfere with the ligand-receptor interactions 
that are likely to occur in the plasma membrane of specific haemocytes. 

Keywords: Cellular defence system, Efrapeptins, Entomopathogenic fungi, Galleria mel-
lonella, Interactions. 
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INTRODUCTION 

Tolypocladium species exist as saprotrophs 
as well as insect pathogens ((Bisset, 1983) 
and Tolypocladium cylindrosporum strains 
are considered potential agents for the con-
trol of mosquitoes and other insect pests 
(Lam et al., 1988). With regard to biological 
control, entomopathogenic fungi are of spe-
cial relevance since the approximately 1,000 
known species from 100 genera are key 
regulatory factors in insect pest populations 
which occur worldwide and infect a wide 
range of host insects (St. Leger et al., 1991; 
Clarkson and Charnley, 1996). The infection 
process is initiated by the adhesion and ger-

mination of conidiospore on host cuticules. 
The chitinous integument is then actively 
penetrated by enzymatic digestion and 
physical mechanisms (Hajek and St. Leger, 
1994). Upon reaching the haemocoel, pene-
trated fungal cells are exposed to the poten-
tial cellular and humoral defence system of 
the host (Dunn, 1986; Nappi and Suguma-
ran, 1993; Marmaras et al., 1996). Once the 
pathogens gain entry into the haemocoel of 
the insects they differentiate and propagate 
by the formation of hyphal bodies which 
lack a well developed cell wall (blastospore) 
required for their recognition by the host is 
immune system (Pendland et al., 1993; 
Clarkson and Charnley, 1996; Gillespie et 
al., 1997). This unicellular phase of growth 
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and dissemination leads to insect death by 
some combination of mechanical damage 
produced by fungal growth, nutrient exhaus-
tion and toxicosis (Hajek and St. Leger, 
1994). 

 The initial haemolymph response of in-
sects to foreign particles is mediated by cir-
culating haemocytes. Insect haemocytes are 
extremely efficient at removing foreign par-
ticles such as bacteria, fungi, nematodes, and 
eggs of endoparasites from haemocoel, by 
phagocytosis, nodule formation or encapsu-
lation (Dunn, 1986; Pathak, 1993; Nayar and 
Knight, 1997). Infection in insects stimulates 
a complex defensive response. Recognition 
of pathogens may be accomplished by 
plasma or haemocyte proteins that bind spe-
cifically to bacterial or fungal polysaccha-
rides (Gillespie et al., 1997). Several mor-
phologically distinct haemocyte cell types 
cooperate in the immune responses. Haemo-
cytes attach to invading organisms and then 
isolate them using phagocytosis, by trapping 
them in haemocyte aggregates called nod-
ules, or by forming an organised multicellu-
lar capsule around large particles (encapsu-
lation). 

Two classes of haemocytes have been im-
plicated as effector cells in these responses: 
plasmatocyts and granulocytes. Granulo-
cytes and plasmatocytes are phagocytes, and 
plasmatocytes are the predominant cells in 
capsules (Anggraeni and Ratcliffe, 1991; 
Vilcinskas et al., 1997).  

Growth of Beauveria bassiana, 
Metarhizium anisopliae and Tolypocladium 
niveum in the haemolymph of the host larvae 
is associated with the secretion of toxins 
(secondary metabolites) by the pathogen 
(Mazet et al., 1994; Clarkson and Charnley, 
1996; Bandani et al., 2000a). These secon-
dary metabolic peptides of entomogenous 
fungi, such as destruxins and efrapeptins, are 
considered to be important virulence deter-
minants (Huxham et al., 1989; Vilcinskas et 
al., 1997; Bandani et al., 2000a). They are 
believed to suppress the host's immune sys-
tem. The exact mechanism(s) have not been 
fully explained but studies show that de-
struxins, secondary metabolites of M. ani-

sopliae, inhibit haemocyte activity (Huxham 
et al., 1989; Vilcinskas et al., 1997). The 
aim of this study was to determine the inter-
action between the fungus Tolypocladium 
and efrapeptins, a major insecticidal metabo-
lite of the fungus, on the cell-mediated de-
fences of Galleria mellonella.  

MATERIALS AND METHODS 

Maintenance of Fungal Cultures, Prepa-
ration of Inoculum and Efrapeptins 

Details of the maintenance of Tolypocla-
dium cultures and purification of efrapeptins 
are given in Bandani et al. (2000a). Conidia 
were harvested from 14-day-old sporulating 
cultures and suspended in sterile 0.03% v/v 
aqueous Tween 80, sieved through cheese-
cloth to remove hyphal fragments then pel-
leted by centrifugation (3,000 g for 5 min-
utes). The conidia were resuspended and 
washed three times with sterile saline (172 
mM KCl, 68 mM NaCl, 5 mM NaHCO3, 
adjusted to pH 6.1 with HCl) and the final 
concentration adjusted to1×107 conida ml-1 
before use in assays. 

Insect Culture 

Galleria mellonella were reared on an arti-
ficial diet composed of 15.4% dried 
skimmed milk, 30.8% wheat germ, 30.8% 
baby rice, 11.5% honey, 11.5% glycerine at 
30oC in the dark.  

Injection of Insects with Toxin and Co-
nidia 

Last instar Galleria larvae (230±20 mg 
weight) were chilled on ice for 15 minutes, 
the surface sterilised with 70% alcohol and 
then injected with 5 μl of the test sample 
using a. 1 ml Burkard syringe and microin-
jector (Burkard, UK) with a 30 gauge sterile 
disposable needle. After injection, larvae 
were transferred to a Petri dish (9 cm diam.) 
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with an artificial diet to follow the course of 
the assay. Bleeding of the insects was per-
formed at 4oC. Efrapeptins were dissolved in 
dimethyl sulfoxide (DMSO) (Sigma) and 
further diluted using saline. DMSO concen-
tration in solution was 1% or less. 

Growth and Labelling of Bacterial Cells 

Bacillus cereus (B34) for phagocytosis ex-
periments, were grown in nutrient broth (3% 
beef extract, 5% peptone; Difco Ltd, UK) 
with constant shaking for 18 hours at 35oC. 
The bacteria were labelled according to the 
methods of Rohloff et al. (1994) except that 
fluorescein-isothiocyanate (FITC) (Sigma) 
was used at 1/10th of the recommended con-
centration. A concentration of 2.5×106 bac-
teria ml-1 was subsequently used to overlay 
cell monolayers to give a bacteria: haemo-
cyte ratio of about 50:1 (Anggraeni and 
Ratcliffe, 1991). 

In vitro Effects of Efrapeptins on Phago-
cytosis 

Larvae were kept at 4oC for 15 minutes, 
swabbed with 70% alcohol then bled by pro-
leg puncture with a sterile 26G needle. 
Haemolymph was collected using a 50 μl 
sterile glass capillary tube (Sigma) and emp-
tied into a 1.5 ml Eppendorf tube containing 
1 ml of ice-cold anticoagulant buffer. The 
latter consisted of 93 mM NaCl, 0.1 M glu-
cose, 30 mM trisodium citrate, 26 mM citric 
acid and 10 mM EDTA at pH 4.6 and with 
an osmolarity of 440 mOsm kg-1 (Leonard et 
al., 1985). Haemolymph from two larvae 
was pooled in each Eppendorf tube and sub-
sequently centrifuged at 800 g for 5 minutes 
at 4oC. The supernatant was discarded while 
the pellet was suspended in 1 ml Grace's 
insect medium (GIM, Sigma). The number 
of haemocytes was counted with an im-
proved Neubauer haemocytometer and ad-
justed to 5×104 cells ml-1.  Fifty μl of the 
cell suspension was pipetted onto sterile, 5 
mm diam. circular glass coverslips and 

placed at the bottom of the well of a flat bot-
tomed microtitre plate (Nunc, Roskilde, 
Denmark). The plate was placed in a moist 
chamber for ca. 15 minutes at 29oC to allow 
the cells to attach to the coverslip before 
conducting the phagocytosis assays (Ang-
graeni and Ratcliffe, 1991). To test the effect 
of efrapeptins on the phagocytosis, efrapept-
ins were mixed with flouorescently-labelled 
bacteria and the mixture added to each well. 
The final concentration of toxin was either 
30 or 3 μg per well. The controls consisted 
of (1) FITC-labelled bacteria without toxin 
and (2) FITC-labelled bacteria with 1% 
DMSO in saline to make sure that phago-
cytic activity of the cells was not affected by 
DMSO. There were two replicates per 
treatment and the whole experiment was 
repeated twice. 

Haemocytes were incubated at 29oC for 
one hour to permit phagocytosis to take 
place, and then washed once with GIM. 
Fifty μl aliquots of 0.2% Trypan Blue in 
GIM was added to each well and incubated 
for 5 minutes to quench the FITC of non-
phagocytosed bacteria. After quenching, 
only the ingested bacteria retained their fluo-
rescence. The haemocyte monolayer was 
rinsed three times with GIM then fixed with 
4% formaldehyde dissolved in GIM for 30 
minutes. Coverslips were mounted on glass 
slides using Kaiser's glycerine jelly mount-
ant (Merk) and sealed with clear nail var-
nish. Glass slides were stored in the dark at 
4oC until needed. Phagocytic activity was 
determined by counting the cells with or 
without ingested bacteria under a fluores-
cence microscope. To quantify phagocytic 
activity, the percentage of phagocytosis in 
the control and treated monolayer was com-
pared. 

In vivo Effects of Efrapeptins on Phagocy-
tosis 

Twenty Galleria larvae were injected with 
0.25 or 0.025 μg efrapeptins then bled 12 
hours after injection to prepare the haemo-
cyte monolayers as described earlier. 
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Phagoyctic activity was determined as de-
scribed above. 

The Effect of Efrapeptins on Nodule 
Formation 

This was carried out by the method of 
Huxam et al. (1986). Zymosan A (Sigma) 10 
mg ml-1 was suspended in saline, vortexed 
and then centrifuged at 1,500 g for 5 min-
utes. This step was repeated twice. Ten μl 
supernatant of Zymosan A or 5 μl of conidia 
(1×107 ml-1) in saline were used for injec-
tion. Five insects were used for each treat-
ment and the experiment repeated four 

times. 
The effects of efrapeptins on nodule for-

mation were investigated by injecting the 
larvae 3 hours before zymosan injection 
with either 0.25 μg of efrapeptins in 1% 
DMSO in saline. Controls consisted of 1% 
DMSO in saline or saline alone. The num-
bers of nodules formed six hours following 
injection were determined using the method 
of Hung et al. (1993). Briefly, the pseudo-
proleg was cut with scissors and 10 μl of 
haemolymph was pippetted onto glass mi-
croscope slides. The entire field was exam-
ined at 20 X to quantify the total number of 
nodules. Data were analysed using an analy-
sis of variance. 

 
 

P: Plasmatocyte 
G: Granulocyte 
S: Bacterial spore 

 
Figure 1. Haemocyte monolayer of Galleria mellonella larvae after one hour incubation 

with flourescently-labelled spores of Bacillus cereus. Scale bar 50µm. 
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The Effect of Tolypocladium and 
Efrapeptins on Haemocyte Numbers 

To determine if the injection of toxin or 
conidia caused any changes in the total 
haemocyte counts (THC), larvae (230±20 
mg weight) were injected with 0.25 μg 
toxin,  5 μl of conidia (1×107 conidia/ml), 
or saline only (control). Haemolymph was 
collected 1, 6, and 12 hours post injection. 
Additional samples were taken 24 and 48 
hours post-injection from larvae treated with 
conidia. Insects were bled into Eppendorf 
tubes containing ice-cold anticoagulant 
buffer (five larvae were bled into 1 ml of 
buffer).  The tubes were gently inverted 5-7 
times to facilitate mixing and haemocytes 
counted using an improved Neubauer 
haemocytometer. For each treatment, 20 lar-
vae were used and the experiment repeated 
twice. Analysis of variance was used to ana-

lyse the data. 

RESULTS 

In vitro and In vivo Effects of Efrapeptins 
on Phagocytosis by G. mellonella Haemo-

cytes 

Efrapeptins significantly decreased the 
amount of phagocytosis by Galleria haemo-
cytes compared with the controls (P<0.05) 
(Figure 1). The effect was dose-related (Fig-
ure 2 and 3). At 30 μg and 3 μg efrapeptin 
per well, the percentage of haemocytes that 
had phagocytosed labelled bacteria was 
4.5% and 7.5%, respectively. In the controls, 
the number was 11.2% (saline only) and 
12.5% (1% DMSO in saline).    

Microscopic studies showed that haemo-
cytes exposed to efrapeptins tended to with-
draw their pseudopodia and become 

A

A: Flouorescently-labelled spores of Bacillus cereus which have been ingested by cells. Note that after 
quenching with 0.2% Trypan Blue only the ingested bacteria retain their fluorescence whereas non 
ingested bacteria become coated with Trypan Blue. 

 
Figure 2. Haemocyte monolayer of G. mellonella larvae after one hour incubation with 

flourescently-labelled spores of B. cereus and quenching with 0.2 % Trypton Blue. 
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rounded. This was particularly evident at the 
highest efrapeptin concentrations (i.e. 30 μg 
per well).  

Similar observations were made when 
efrapeptins were injected into the haemocoel 
of Galleria larvae; here phagocytosis was 
significantly depressed (P<0.05) (Figure 4). 
In insects injected with 0.25 μg and 0.025 
μg efrapeptins, the percentage of haemo-
cytes containing labelled bacteria was 7.2% 
and 11.5%, respectively (Figure 4). Haemo-
cytes recovered from control insects had 
ingested marginally more bacteria (12-13%).  

The Effect of Efrapeptins on Nodule 
Formation 

Efrapeptins significantly (P< 0.05) affected 
nodule formation in Galleria larvae follow-
ing injection with zymosan supernatant 
(Figures 5 and 6). There were no significant 
differences between the 1 % DMSO or sa-
line controls (P>0.05). 

The Effect of Tolypocladium and its 

Efrapeptins on Haemocyte Numbers 

The total haemocyte count (THC) of sa-
line-injected larvae ranged from 3.8±6×107 
cells ml-1 after one hour and up to 3.5±6.0×  
107 cells ml-1 after 48 hours post-injection. 

There were no significant differences in 
the THC of saline, spore, and toxin-injected 
larvae during the first 24 hours (P>0.05) 
(Table 1). However, after 48 hours, larvae 
injected with conidia had significantly 
(P<0.05) fewer circulating haemocytes (ca. 
2.1±5.2×107 haemocytes ml-1). This de-
crease corresponded with an increase in fun-
gal hyphal bodies.  

DISCUSSION 

This study shows for the first time that 
efrapeptins produced by the insect patho-
genic fungus Tolypocladium do affect the 
insect immune system. However, the effects 
appear to be restricted primarily to haemo-
cyte activities, and were observed at 

         Saline: Haemocyte monolayer treated with saline (as a first control). 
DMSO: Haemocyte monolayer treated with1 % DMSO in saline (as a second control). 
EFH: Haemocyte monolayer treated with 30 µg efrapeptins per well. 
EFL: Haemocyte monolayer treated with 3 µg efrapeptins per well. 

          There were significant differences (P<0.05) between controls and treatments. 
 

Figure 3. In vitro effect of efrapeptins on the percentage phagocytosis of bacterium, Bacillus cer-
eus by Galleria mellonella monolayer. 
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efrapeptin concentrations higher than de-
tected in naturally infected larvae (Bandani 
et al., 2000a). This implies that efrapeptins 
work in concert with other pathogenicity 
determinants in suppressing the host im-
mune system. Indeed, Tolypocladium spe-
cies do secrete a wide range of secondary 
metabolites (.e.g. cyclosporin) which could 
have an affect on the host’s immune system. 
Similar observations have been reported for 
toxins of other entomogenous fungi. For ex-
ample, destruxins of M. anisopliae inhibited 

phagocytosis of Galleria plasmatocytes 
(Vilcinskas et al., 1997) and toxins from B. 
bassiana suppressed phagocytosis and the 
spread of Spodoptera exigua haemocytes in 
vivo (Hung and Boucias, 1993). Destruxins 
are also known to interfere with haemocyte 
function and can prevent nodulation (Huxham 
et al., 1989). Our own observations show that, 
as the fungus colonises the haemocoel the 
number of circulating haemocytes and nod-
ules decreases. This could partly be attributed 
to the metabolites (enzymes and toxins) se-

          Saline: Saline-injected larvae (as a first control).  
DMSO: 1% DMSO in saline-injected larvae (as a second control). 
EFH: Larvae injected with high dose of efrapeptins (0.25 µg per larva). 
EFL: Larvae injected with low dose of efrapeptins (0.025 µg per larva). 
There were significant differences (P<0.05) between controls and treatments.  

 
Figure 4. In vivo effect of efrapeptins on the percentage phagocytosis of bacterium, Bacillus 

cereus per Galleria mellonella monolayer. 
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Table 1. The effect of T.  niveum and efrapeptins on the total hemocyte count (cells ml-1) of G. mel-
lonella. 

Treatment  Post injection (h) 
 1 6 12 24 48 

Saline  3.8 ± 2.5 X 10 7 4.2 ± 2.0X 10 7 3.9 ± 3.0 X 10 7 4.5 ± 3.7 X 10 7 3.5 ± 6.0 X 10 7 
Spore 4.5 ± 3.0 X 10 7 3.1 ± 3.0 X 10 7 3.7 ± 2.3 X 10 7 2.6 ± 2.0 X 10 7 2.1± 2.0 X 10 7 
Toxin 3.6 ± 2.5 X 10 7 4.5 ± 2.8 X 10 7 4.0 ± 3.5 X 10 7 ------------ -------------- 

There were no significant differences (P>0.05) between toxins, spores and saline injection at 1, 6, 12, and 24 
hours post-injection. 
However, There were significant differences between spore and saline injection at 48 hours post-injection (P< 
0.05).   
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creted by Tolypocladium and supports our 
earlier suggestion that these metabolites, al-
though produced in relatively low amounts, 
probably work synergistically. 

Vilcinskas et al. (1997) suggested that the 
infection process of the entomopathogenic 
fungus, Metarhizium anisopliae, include an 
intracellular phase within phagocytic cells, 
which are probably used as a vehicle for 
dispersion of infective cells after penetration 
of the host integument. It is known that V-
ATPases mediate the acidification of most 
intracellular organelles including phagocytic 
cells, which is vital for microbial degrada-
tion (Grinstein et al., 1992). It may be con-
cluded that production of efrapeptins by 
Tolypocladium species, which has been de-
tected inside the mycosed-insect, is a strat-
egy for survival of hyphal bodies of the fun-
gus, once ingested by phagocytic cells. 
Efrapeptins are known to inhibit the V-
ATPase of a variety of organisms including 
insects (Bandani et al., 2000b).     

Nodule formation, which is primarily a 
mechanism for sequestering particulate ma-
terials that enter the haemocoel, is also in-
duced by the injection of soluble molecules   
such as β-1, 3-glucan from fungal cell wall, 
bacterial polysaccharides and certain glyco-

proteins (Ratcliffe et al., 1984; Lackie and 
Vasta, 1988). The suppression of glucan-
induced nodule formation by fungal secon-
dary metabolite makes sense in terms of the 
fungal strategy of immune suppression 
(Huxham et al., 1989). In G. mellonella at 
least two classes of haemocytes, plasmato-
cyte and granular cell, are involved in nod-
ule formation (Dunn, 1986). These sub-
populations of insect haemocytes distinguish 
between self and non-self structures. Their 
ability to recognize intruders is mediated by 
endogenous molecules that bind to particular 
sites on the foreign surface. Such mediators 
are either dissolved in the haemolymph or 
are exposed on the cell membrane of 
haemocytes. Insect immunity requires the 
recognition of non-self elements which is 
likely to involve the binding of pathogen cell 
surface oligosaccharides. One component of 
the humoral immune system, the lectins, are 
thought to act as opsonins (Pendland and 
Boucias, 1996). Phagocytosis of microbial 
cells may involve interactions between 
lectins on phagocytic cells and sugars on 
microbial surfaces (Nayar and Knight, 
1997). Numerous lectins that bind to carbo-
hydrate components on microbial cell walls 
have been identified in insect haemolymph. 

EF: Larvae injected with efrapeptins.  
DMSO: Larvae injected with 1% DMSO in saline (as a first control). 
Saline: Larvae injected with saline alone (as a second control). 
There were significant differences (P<0.05) between controls and treatment. 

 

Figure 5. Effect of efrapeptins on zymosan-induced nodule formation in the  

G. mellonella larvae. 
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Recognition of fungal cell wall in insects is 
mediated by lectins that bind to polysaccha-
rides such as β-1,3 glucans which are a ma-
jor component of fungal cell walls (Boucias 
and Pendland, 1991). Several β-1,3 glucan 
binding proteins with different molecular 
weights have been identified in a variety of 
insects. Interactions between fungal patho-
gens and host defences are an important 
regulatory factor in fungal disease. Presenta-
tion of specific carbohydrates on the fungal 
cell wall is likely to be important in activat-
ing components of the insect immune re-
sponse (Pendland and Boucias, 1996). Stud-
ies indicated that the hyphae cell walls of M. 
anisopliae contain mannose-rich glycopro-
teins and that cell walls rich in carbohydrate 
residue are more antigenic and can elicit the 
insect’s immune response (Gillespie et al., 
1997). 

Adsorption of insect lectins to fungal cell 
walls has been shown to remove haemagglu-
tination activity in the haemolympth of Spo-
doptera exigua (Pendland and Boucias, 
1996). This suggests that the binding of car-
bohydrate-specific lectins to the oligosac-
charide side-chains of glycoproteins on 

haemocytes and fungal surfaces is important 
in mediating insect immunity. Susceptibility 
to phagocytosis, agglutination and encapsu-
lation will depend on the presence of spe-
cific lectin receptors on the fungal cell wall 
which are absent from the surfaces of early 
forms (protoplast and blastospore) of the 
fungus (Clarkson and Charnley, 1996). 
Therefore, although efrapeptins are pro-
duced inside the insect host at the sublethal 
level, that may be enough to interfere with 
the function of specific receptors e.g. β-1,3-
glucan-specific protein of the insect immune 
system (Chen et al., 1995; Chen et al., 
1998). It has been known that the recogni-
tion protein located on the cell surface of 
reactive tissue may interact with microbial 
ligands and subsequently initiate both cellu-
lar and humoral reactions, including phago-
cytosis, cell degranulation, encapsulation 
and biochemical proteolytic cascades, such 
as coagulation and proPO activation and the 
production of antimicrobial peptides (Hoff-
mann, 1994). 
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و سيستم د فاع سلولي Tolypocladium cylindrosporum) (برهم كنش قارچ پاتوژن
   كرم مومخوار

  بنداني. ر. ع

  چكيده

دوره زند گي قارچ هاي بيمارگر حشرات باسنتز وترشح تعدادي متابوليت هاي سمي از قبيل آنـزيم هـا و                    
رايند بيمارگري موفق خواهد بود كه قارچي در ف . مرتبط مي باشد  ) توكسين(تركيبات باوزن مولكولي پائين     

يق آزمايشگاهي و تزريق سم     در اين مطالعه به طر    . قادر به غلبه بر سيستم هاي دفاعي بدن حشره ميزبان باشد          
 به داخل بدن حشره برهم كنش قارچ و متابوليت هاي ثانويه آن با سلولهاي د فاعي كرم مومخـوار                    وكنيدي

ايشگاهي نشان داد كه سم قارچ  كه بنـام افـراپپتين نـام دارد خاصـيت                 مطالعات آزم .زنبورعسل مطالعه شدند  
 دزسـم مـي     ه بـه  مهاركنند گي براي سلولهاي قاگوسيتوزي حشره دارد و اين خاصيت مهاركنند گـي وابـست              

ن  ميكروگـرم سـم قرارگرفـت ميـزا    3و  30 كه كشت سلولي حشره درمعرض دزهاي     براي مثال وقتي    . باشد
.  درصـد بـود    12 درصد بود در صورتيكه ميـزان فاگوسـيتوزي در كنتـرل             7,5 و   4,5فاگوسيتوزي به ترتيب    
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 ميكروگـرم و  0,025 و 0,25وقتيكه سم به داخل بدن حشره تزريق گرديد ميـزان فاگوسـيتوزي در دزهـاي      
 تزريـق گرديـد تعـداد       وقتي كه اسپر قارچ به درون بده حشره       .  درصد بودند  13 و 11,5،  7,5كنترل به ترتيب  

مادر ا. تزريق،  تفاوت معني داري با كنترل نداشت        ولهاي خوني در بيست و چهار ساعت اوليه بعد از         كل سل 
.  تعداد كل سلولهاي خوني به مقدارقابل ملاحظه اي كـاهش پيـدا كردنـد   چهل و هشت ساعت بعد ازتزريق    

 ميـزان كـل      امـاروي   را تحت تاثير قـرار ميدهـد       با توجه به اينكه توكسين ميزان فاگوسيتوز و تشكيل نودول         
رسـپتور كـه در   -ه اين سم در برهم كنـشهاي ليگانـد  سلولهاي خوني بي اثر است ميشود نتيجه گيري كرد ك   

   .   اتفاق مي افتد اختلال ايجاد مي كندسطح سلولهاي خوني
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