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Two fungal species; Aspergillus terreus and Penicillium 
janthinellum were tested as filtrates against B. alexandrina snails. 
The LC50 values were 1.05% and 1.03% respectively. Prolonged 
exposure to sublethal concentrations of the two fungal filtrates 
caused adverse effects on snails reproduction. The minimum 
reproduction values were observed at LC5 and LC25 of A. terreus 
and P. janthinellum, respectively. The most pronounced effects on 
hermaphrodite gland of treated B. alexandrina snails were 
detected at LC5 of A. terreus and LC25 of P. janthinellum. Mature 
ova were either degenerated or deformed and spermatocytes were 
also degenerated at LC5 of A.  terreus.  Acini appeared vacant and 
lost their architecture at LC25 of P. janthinellum. 

 
1. INTRODUCTION 

Schistosomiasis is one of the most widespread endemic diseases in tropical and 
subtropical countries. This parasitic disease is of particular importance as a world health 
problem since it infects about 200 million and threatens about 500 million of world 
population in about 74 countries (Borch et al., 2009).  
         Five species of schistosomiasis infect man, the most important are Schistosoma 
mansoni and S. haematobium. The life cycle of this parasite necessitates the presence of a 
freshwater snail as an intermediate host that differs according to the parasite species. In 
Egypt, the intermediate host of S. mansoni is Biomphalaria alexandrina while the 
intermediate host of S. haematobium is Bulinus truncatus.                          
         It is generally considered that snail control is one of the most rapid and effective means 
of reducing transmission of parasitic infections. These snail vectors can be controlled by 
mechanical, chemical, and biological methods.                                                                                                  

The use of chemical molluscicides leads to toxicity of the non-target organisms, 
contamination of human food and environmental pollution (Oliveira-Filho & Paumgartten, 
2000; De Boeck et al., 2004; Mostafa et al., 2005). These drawbacks of chemical substances 
directed investigators to natural enemies, such as predators, parasites, and pathogens.  
___________________________________ 
ISSN 2156-7530 
2156-7530 © 2011 TEXGED Prairie View A&M University 
All rights reserved. 

 



Abd El-Halim A. Saad et al.:  Efficacy of A. terreus and P.  janthinellum as biological control agents 26 

 
These biological agents possess 

desirable properties of a chemical 
molluscicide making it highly toxic to the 
target organism, besides it can be safely 
applied (Moazami, 2008). Many studies 
focused on biological control methods such 
as the use of certain algae (Mostafa and 
Gawish, 2009), bacterial strains (Wang et al., 
2008) and extracts of some fungal strains 
such as Trichoderma harzianum, 
Trichoderma viride, and Phanerochaete 
chrysosporium (Ragab and Ismail, 2001). 

The objective of the present study is 
to investigate the efficacy of the fungi 
Aspergillus terreus and Penicillium 
janthinellum as biological control agents 
against Biomphalaria alexandrina snails. 
 
2. MATERIALS AND METHODS 
2.1 Screening and toxicity tests: 
2.1.1 Preparation of fungal filtrates: 

Fungal cultures were prepared by 
inoculating conical flasks (250 ml capacity) 
containing 50 ml of potato dextrose broth 
medium  with fungal disks (5 mm diameter) 
which were cut from 7 days old cultures 
(Ragab and Ismail, 2001). The inoculated 
flasks were incubated on rotary shaker (150 
rpm) at 28°C for 10 days. The mycelia then 
were separated by filtration, using filter 
paper (Whatman no.3) (Umecharuba and 
Nwachukwa, 1997). 
 
2.1.2Toxicity of fungal filtrates against 
Biomphalaria alexandrina snails: 

A series of concentrations was 
prepared using dechlorinated tap water at 
22±2°C to determine LC50 and LC90 values. 
Three replicates were used; each of ten snails 
(8-10 mm in diameter) for each one. The 
exposure period was 24 hours at room 
temperature. Another group of snails was 
maintained under the same experimental 
conditions as a control group (WHO, 1965). 
At the end of exposure period, these snails 
were removed from each tested 
concentration, washed thoroughly with 
dechlorinated tap water and transferred to 
another container for a recovery period for 

24 hours. Then, dead snails were counted 
and LC50 and LC90 values were computed 
(Litchfield and Wilcoxon, 1949). 
 
2.2 Effect of prolonged exposure to fungal 
filtrates on survival rate and egg-laying 
capacity of adult snails:   

Adult B. alexandrina (8-10 mm in 
diameter) were used in this study. This 
experiment was designed to explore the 
effect of prolonged exposure to sublethal 
concentrations (LC5, LC15 and LC25) of 
Aspergillus terreus and Penicillium 
janthinellum as filtrates on the survival rate 
and fecundity of adult snails. 

Each sublethal concentration of each 
tested fungal species was prepared weekly in 
dechlorinated tap water. A group of 20 adult 
snails was exposed in four replicates, each of 
5 snails/250 ml dechlorinated tap water in a 
white glass container. A control group was 
maintained in clean dechlorinated tap water 
under the same experimental conditions. 
These snails were fed on dried lettuce leaves 
twice weekly. Each container was provided 
with a substrate (foam pieces) for ovipostion. 
Dead snails were removed from the 
containers every day, and their number from 
each single container was recorded. The egg 
masses laid by the snails were collected 
every day and recorded weekly. The total 
number of eggs/ egg mass was counted under 
a stereomicroscope. The total number of 
survived snails at the beginning of a week 
and the total number of eggs laid by the 
exposed and control snails were recorded 
and calculated at the end of the week 
according to  Oliver and Haskins (1960) and 
Khalaf  (1983) as following: 

                                       Tn          

                                  Ss                   

             R = Sr X E/S/W                                             
Where: 
E/S/W: Eggs/snail/week (egg laying capacity)                
Tn: Total number of eggs at the end of a week        
 Ss: Survived snails at the beginning of the week 
 R: Reproduction     Sr: survival rate                 

E/S/W = 
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2.3 Effect of fungal filtrates on histology of 
hermaphrodite gland of snails:   
      Adult B. alexandrina snails exposed for 
one month to sublethal concentrations (LC5, 
LC15 and LC25 of Aspergillus terreus and 
Penicillium janthinellum) were randomly 
selected. The shell was gently broken, and 
then its fragments were removed carefully 
using pointed forceps under a dissecting 
microscope. The hermaphrodite gland was 
carefully separated using fine scissors and 
immediately fixed in Bouin’s solution for 24 
hours. The fixed samples were dehydrated, 
cleared, and embedded in paraffin. Then they 
were sectioned serially at 5μm and stained 
with Haematoxylin and Eosin. 
 
3. RESULTS AND DISCUSSION 
3.1 Toxicity of fungal filtrates against 
Biomphalaria alexandrina snails: 

The values of LC50 for A. terreus and 
P. Janthinellum were 1.05% and 1.03%, 
respectively (Table 1). Some authors 
investigated the effects of other fungal 
species on snails; Ragab and Ismail (2001) 
found that the LC50 values of Trichoderma 
viride, T. harzianum, and Phanerochaete 
chrysosporium filtrates were 5.50, 22.50 and 
24 %, respectively on B. alexandrina. While, 
the LC50 value of alcoholic extract from 
certain strain of Aspergillus niger aginst 
Oncomelania hupensis snails was 284.3 
mg/L (Chen et al., 2009). Moreover, Guo et 
al. (2011) and Osman et al. (2013) found 
that LC50 values of Aspergillus fumigatus 
extract was 0.101 mg/L and 0.56 ppm on 
Oncomelania hupensis and B. alexandrina, 
respectively.  

 
Table 1: Molluscicidal activity of tested fungal filtrates against adult B. alexandrina 

 
Biomphalaria  alexandrina                          Concentration 

 
Fungal species                            slope LC90 (%) LC50 (%) 

1.55 2.08 1.05 Aspergillus terreus 
2.6 4.09 1.03 Penicillium janthinellum 

 
The effect of A. terreus filtrate in the 

present study could be attributed to 
secondary metabolites of that fungus. Fungi 
belonging to the Aspergillus genera are 
among the major contributors to secondary 
metabolites of fungal origin (Parvatcar et al., 
2009). Aspergillus terreus is a ubiquitous 
fungus isolated from both marine and 
terrestrial environments (Balajee, 2009; 
Parvatcar et al., 2009). This microorganism 
produces a variety of secondary metabolites 
that are economically significant, such as the 
antihypercholesterolemic drug lovastatin and 
several other metabolites including 
aspulvinones (Ojima et al., 1976), terreic 
acid (Yamamoto et al., 1980), terreulactone 
A (Kim et al., 2002) terreineol, sulochrin  
and terrain, which have antibiotic activity 
(Macedo et al., 2004).  

Three new compounds; terrelactone A, 
terremides A and B were isolated and 
identified from the fermentation broth of A. 

terreus by Wang et al. (2011). These 
compounds were shown to have antibacterial 
activities. Moreover, Dewi et al. (2012) 
demonstrated that terreic acid and terremutin 
from ethyl acetate extract of A. 
terreus exhibited significant antioxidant 
activity. Four isocoumarin derivatives were 
isolated from ethyl acetate extract of A. 
terreus (Choudhary et al., 2004). It was 
reported that the molluscicidal properties of 
Ethulia conyzoides plant was due to two 
types of coumarins which caused mortality 
of 90% of Biomphalaria glabrata and 
Bulinus truncatus at 23.5 and 15 ppm, 
respectively (Kady et al., 1992). 
Furthermore, Rizk and Hassan (2000) 
isolated eight coumarins from Ammi majus 
extract, four of them were molluscicidally 
active against B. alexandrina snails. 

Molluscicidal activity of P. 
janthinellum filtrate observed in the present 
work could be attributed to its secondary 
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metabolites. Penicillium genus has been 
recognized as a rich source of bioactive 
compounds (Fill et al., 2007). Recent 
examples include the anticancer berkelic acid 
from Penicillium sp., polyketides with HIV 
integrate inhibitory activity from P. 
chrysogenum and the insecticidal 
paraherquamides H and I from P. cluniae 
(Singh, 2003; Stierle et al., 2006). P. 
janthinellum produced polyketides, basically 
hydroxyanthraquinones, ergosterol, poliols 
(Marinho et al., 2005) and phenolic 
compounds (Nakakita et al., 1984). It was 
declared that the toxicity of Anacardium 
occidentale plant extract against the golden 
snail (Pomacea canaliculata) and 
Biomphalaria glabrata was due to the 
presence of several phenolic compounds 
(Micor et al., 2004; Dos Santos et al., 2011). 

3.2 Effect of prolonged exposure to 
sublethal concentrations of Aspergillus 
terreus and Penicillium janthinellum on 
survival rate and egg-laying capacity of 
adult snails: 

The values of sublethal 
concentrations of A. terreus and P. 
janthinellum were the same; LC5 = 0.1%, 
LC15=0.3% and LC25= 0.5%. 
3.2.1 Survival rate:    

It is observed from Fig. (1) that after 4 
weeks of exposure to LC5 of A. terreus 
filtrate, the survival rate of snails decreased 
to 55%, while that of snails treated with 
LC15 and LC25 reached 50% as compared 
with 100% for control snails. These values 
continued to decrease as the time extended, 
and by the 19th week, only 10% of each 
tested group of snails survived as compared 
with 90% in the control group. 

 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Effect of sublethal concentrations of A. terreus on the survival rate of adult B. alexandrina. 

 
Concerning P. janthinellum filtrate, the 

survival rate of snails exposed to LC25 of this 
fungus decreased sharply to 45%, while that 
of control was 100%. Moreover, it was found 
that prolonged exposure (15 weeks) resulted 
in the death of all snails exposed to LC25, 

while 90, 15 and 10 % of snails survived in 
control, LC5 and LC15 groups, respectively. 
By the 20th week, all the snails in LC15 
treatment died, while the survival rate of 
control group was 85% (Fig. 2).  

 
 
 

 

 

 

 Fig. 2: Effect of sublethal concentrations of P. janthinellum on the survival rate of adult B. alexandrina 
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These findings are in line with the 

results demonstrated by Ragab and Ismail 
(2001), where B. alexandrina snails exposed 
to 1/10 LC50 of Trichoderma harzianum and 
T. viridae died by the 5th and 12th weeks, 
respectively. Osman et al.  (2013) showed 
that the survival rate of the same snails 
treated with Aspergillus fumigatus extract 
was reversely proportional to the 
concentration; the snails died at the 10th, 11th 
and 12th weeks in LC0, LC10 and LC25, 
respectively.   
 
3.2.2 Egg-laying capacity: 

  3.2.2.1 Aspergillus terreus:     
Featuring the variation in reproduction 

along the five months of exposure declared 
that during the first month, there was a 
positive relationship between sublethal 

concentrations and reproduction. As the 
concentration increased from LC5, LC15 till 
LC25, the reproduction increased from 5.94, 
7.44 to 14.48 respectively, while that of 
control group was the highest (22). During 
the second month, the values of reproduction 
for snails maintained at LC5 and LC15 were 
so close (10.2 and 9.26 respectively), while 
reproduction of snails treated with LC25 
continued to be higher than both mentioned 
concentrations as it was 16.29. By the third 
month of exposure, the reproduction 
noticeably decreased to 1.75 in snails treated 
with LC25 as compared with 43.09, 4.5 and 
5.2 for control, LC5 and LC15 groups 
respectively. At the 4th and 5th months, the 
least reproduction values were observed in 
snail groups maintained at LC25 (2.25 and 
2.1 respectively) (Fig. 3). 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3: Effect of sublethal concentrations of A. terreus on the reproduction of  B. alexandrina 

 
This initial increase in snails' fecundity 

might be later suppressed by possible re-
allocation of energy for processes involved 
in detoxifying xenobiotics or synthesizing 
functional or structural proteins in response 
to toxicity (Mazurova et al., 2008). Our 
experiments with A. terreus filtrate thus 
seemed to suggest the presence of organic 
compounds that may stimulate fecundity, but 
such effects may be later masked by the 
toxicity of other compounds in the filtrate 
mixture. Another study carried out by 
Suliman and Mohammed (2012) on A. 
terreus showed different results as they 

found that as the concentration of A. terreus 
spore suspension increased from 5x106 to 
4x108 spore/ ml, the inhibition of oviposition 
in ticks increased. On the other hand, Osman 
et al. (2013) demonstrated that among three 
tested concentrations (LC0, LC10 and LC25) 
of Aspergillus fumigatus extract, the 
minimum reproductive rate was observed in 
B. alexandrina snails maintained at LC10 
after 12 weeks of exposure. 
 
3.2.2.2 Penicillium janthinellum: 
             It was observed from Fig. (4) that 
along the five months of exposure to the 
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three tested sublethal concentrations, the 
snails in the control group recorded the 
highest reproduction value. During the first 
month, the maximum reproduction appeared 
in the group of snails maintained in LC5, 
followed by LC25. In the second month, 
there was a gradual decrease in the 
reproduction value as the concentration 
increased; 6.05, 5.1 and 1.49 for LC5, LC15 
and LC25 groups, respectively. Moreover, the 
reproduction decreased as the exposure time 
extended to three months where its value 
reached 1.2 for snails treated with LC25. At 
the 4th month, the values of reproduction 
were so close in the three tested 
concentrations with slight increase in LC15 
group. This is in agreement with  Ragab and 

Ismail (2001) who indicated that the 
reproduction values of B. alexandrina 
exposed to 0.55, 2.25 and 2.4% of 
Trichoderma viridae, T. harzianum  and 
Phanerochaete chrysosporium were 
noticeably less than that of control, 
Moreover, the percentage of egg laying 
reduction reached 97.21% for the last 
fungus. Latifian and Rad (2012) also showed 
that exposure of certain pest to Beauveria 
bassiana, Beauveria brongniartii and 
Metarhizium anisopliae which are 
entomopathogenic fungi reduced the number 
of laid eggs. They declared that the effect 
was more pronounced as the concentration 
increased from 104 to 106conidia/ml and also 
as the exposure period extended to 14 days.  

              
 

           

 

 

 

 

 
Fig. 4: Effect of sublethal concentrations of P. janthinellum on the reproduction of B. alexandrina 

 

3.3 Effect of sublethal concentrations of 
Aspergillus terreus and Penicillium 
janthinellum on histology of 
hermaphrodite gland of snails:         
3.3.1 Control snails:        

The hermaphrodite gland of B. 
alexandrina is composed of simple branched 
acini which are connected to each other by a 
thin layer of connective tissue. The acini 
contain different stages of spermatogenesis; 
primary spermatocytes, secondary 
spermatocytes, and sperms. The stages of 
oogenesis are also represented in most of the 
acini as primary oocytes, secondary oocytes, 
and mature ova (Fig. 5).  
3.3.2 Treated snails: 
3.3.2.1 Snails treated with Aspergillus 
terreus: 

The snails treated with LC5 of A. 
terreus were characterized by noticeable 
effects on mature ova as some of them were 
degenerated and others were deformed. Also, 
early stages of oogenesis were not 
represented. On the other hand, primary 
spermatocytes were degenerated, while 
secondary ones were scattered in the acinus 
without differentiation between their 
cytoplasmic inclusions and nuclei (Figs. 6 & 
7). 

The effect of LC15 of A. terreus was 
weaker than that of LC5; some acini were 
disrupted, moreover the acinar membrane 
was ruptured, there was degeneration of 
mature ova besides the presence of vacuoles 
inside the acinus, and primary spermatocytes 
were densely stained (Figs. 8 & 9). 
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Concerning the effect of LC25, it was 
observed that the acini were more or less 
similar to that of control as all stages of 
oogenesis and spermatogenesis were 
represented, but the connective tissue 
between acini was degenerated (Figs. 10 & 
11). 
3.3.2.2 Snails treated with Penicillium 
janthinellum: 

For snails treated with LC5 of P. 
janthinellum, the degeneration of some ova 
and the deformation of others were the most 
obvious effects (Figs. 12 & 13). As the 
concentration increased to LC15, more 
adverse effects were noticed as shrinkage 
and disruption of acini took place, 
vacuolation inside the acinus was more 
severe, besides the degeneration and 
deformation of mature ova (Figs. 14 & 15). 

In case of snails exposure to LC25 of P. 
janthinellum, acini appeared almost vacant, 
only few mature ova and primary 
spermatocytes were represented in certain 
acini. In general, acini lost their architecture 
and acinar membrane was ruptured (Figs. 16 
& 17).  These findings were in agreement 
with El-Bolkiny et al. (2000) as they showed 
that hermaphrodite gland of treated B. 
alexandrina snails with diethyldithio-

carbamate exhibited destruction of germinal 
epithelium and oocytes. Moreover, mature 
ova appeared to be necrotized and few 
sperms were represented. Furthermore, 
Mossalem et al. (2013) recorded complete 
destruction of gametogenic cells and severe 
damage of ovotestis gland when B. 
alexandrina snails were exposed to 
Artemether (dihydro-artemisinin methyl 
ether) for 21 days. Also, disappearance of the 
oocytes, spermatogenic stages and 
connective tissue was noticed. 

 
4. CONCLUSION  

It is demonstrated from the present 
study that LC5 and LC25 of the fungi 
Aspergilus terreus and Penicillium 
janthinellum filtrates, respectively reduced 
survival rate and reproduction of B. 
alexandrina snails. Also, these two sublethal 
concentrations adversely affected 
hermaphrodite gland. Moreover, in another 
study by the same authors (unpublished 
data), it was shown that these concentrations 
can be applied safely for snail control 
without exerting harmful effects on other 
freshwater fauna such as the zooplankton 
Daphnia pulex. 

 
 

 

 

 

 

 

 

 

 

 

 



Abd El-Halim A. Saad et al.:  Efficacy of A. terreus and P.  janthinellum as biological control agents 32 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5: Light photomicrographs of transverse sections in the hermaphrodite gland of B. alexandrina showing the 

control gland in which acini are represented with all stages of oogenesis; primary oocytes (pm oy), 
secondary oocyte (sc oy) and the mature ovum (ov), and stages of spermatogenesis; primary spermatocytes 
(pm sp), secondary spermatocytes (sc sp), and sperms (sr). Note, the connective tissue (ct) (X100). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figs. 6&7: Light photomicrographs of transverse sections in the hermaphrodite gland of B. alexandrina 

representing the snails treated with LC5 of A. terreus. Fig. 6 showing: absence of early stages of oogenesis, 
degenerated ova (thin arrows), deformed ovum (thick arrow), clearly represented sperms and degeneration 
of connective tissue. Fig.7 showing: deformed ovum (thick arrow), degenerated primary spermatocytes 
(thin arrow), secondary spermatocytes are scattered in the acinus without differentiation between their 
cytoplasmic inclusions and nuclei, absence of late stages of spermatogenesis (X 100). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figs. 8&9: Light photomicrographs of transverse sections in the hermaphrodite gland of B. alexandrina 

representing the snails treated with LC15 of A. terreus. Fig. 8 showing: absence of early stages of 
oogenesis, degenerated ova (thick arrows), densely stained primary spermatocytes without differentiation 
between their cytoplasmic inclusions and nuclei (thin arrows).Fig. 9 showing: disruption of the acini, 
degenerated ova (thick arrow), vacuole in the acinus (thin arrow) and rupture of the acinar membrane 
(X100). 
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Figs. 10&11: Light photomicrographs of transverse sections in the hermaphrodite gland of B. 

alexandrina representing the snails treated with LC25 of A. terreus. Fig. 10 showing: primary 
oocyte (pm oy) and secondary oocyte (sc oy) are represented, distortion in the shape of ova (thin 
arrow), all stages of spermatogenesis are clearly distinguished specially sperms (sr). Fig.11 
showing: degeneration of connective tissue (thin arrow), all stages of oogenesis; primary oocyte 
(pm oy), secondary oocyte (sc oy) and mature ova (ov) are represented. All stages of 
spermatogenesis are also represented (X 100). 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figs.12&13: Light photomicrographs of transverse sections in the hermaphrodite gland of B. 

alexandrina representing the snails treated with LC5 of P. janthinellum. Fig.12 showing: primary 
and secondary oocytes are represented (pm oy) and (sc oy), some ova are degenerated (thin 
arrows), others are deformed (thick arrow), all stages of spermatogenesis are represented even 
spermatids (st). Fig.13 showing: deformed ova (thick arrows), primary spermatocytes are without 
differentiation between cytoplasmic inclusions and nuclei (thin arrow) and connective tissue is 
degenerated (X 100). 
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Figs. 14&15: Light photomicrographs of transverse sections in the hermaphrodite gland of B. 

alexandrina representing the snails treated with LC15 of P. janthinellum Fig.14 showing: clearly 
degenerated connective tissue, shrinkage and disruption of acini, degenerated ovum (thin arrow), 
deformed ovum (thick arrow), and degeneration of primary spermatocytes (pm sp). Fig. 15 
showing: degenerated ovum (thick arrow), vacuolation in the acinus (thin arrow), densely stained 
primary spermatocytes (pm sp) without differentiation between nuclei and cytoplasmic 
inclusions (X 100). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figs. 16&17: Light photomicrographs of transverse sections in the hermaphrodite gland of B. 

alexandrina representing the snails treated with LC25 of P. janthinellum. Fig.16 showing: some 
acini contain only primary spermatocytes (pm sp), others contain only secondary oocytes (sc oy) 
while some acini are completely vacant (thin arrow) Fig.17 showing: rupture of the acinar 
membrane (thin arrow), loss of the architecture of acini, few mature ova (ov) are represented 
without clearly distinguished nucleus, few primary spermatocytes  are found  without 
differentiation between their nuclei and cytoplasmic inclusions (thick arrow) , sperms are absent 
(X 100).     
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