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Abstract

Fentonʼs reagent is considered a promising disinfecting agent as it has antimicrobial activity. In the present study, effective 

antifungal Fenton concentrations were investigated on Biomphalaria alexandrina snails as bio indicators of toxicity. Generally, 

they resulted in low mortality rate of snails, as only 20% mortality was recorded after 60 min of exposure. Also the activities 

of two antioxidant enzymes; catalase (CAT) and superoxide dismutase (SOD) in snails’ tissues were investigated at different 

time intervals. Although the activities of both enzymes were different from control group, there was not a pronounced 

enhancement or inhibition. In conclusion, certain Fenton concentrations can be used as inexpensive and environmentally-

friendly disinfecting agents as they are safe on snails which are good bioindicators of toxicity.
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Abbreviations: SOD: Superoxide Dismutase; ROS: 
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Introduction 

Different water treatment technologies have been applied 
to kill bacteria and fungal spores. Chlorine, monochloramine, 
ozone and chlorine dioxide are amongst the chemical 
disinfectants which were previously investigated [1,2]. The 
interest in environmentally friendly, non-toxic, inexpensive 
and degradable oxidizing agent directed researchers to 
hydrogen peroxide (H2O2); it is increasingly used in a 
number of medical and industrial applications, and also in 
environmental ones such as water treatment [3]. Hydrogen 
peroxide is characterized by its broad spectrum activity, 

which includes efficacy against bacterial endospores, mold 
spores and viruses, besides lack of environmental toxicity 
due to its complete degradation [4]. The addition of ferrous 
salts to aqueous hydrogen peroxide (known as the Fenton 
reaction) may increase the levels of reactive oxygen species 
(ROS) by accelerating the decomposition of hydrogen 
peroxide and generating highly reactive intermediate 
species, including ferric iron (Fe3+), hydroperoxyl radicals 
(•O2H) [5] and/or superoxide radicals (•O2

-) [6]. Thus, the 
kinetics and the overall antimicrobial effect of hydrogen 
peroxide are increased, especially at lower concentrations. 
The antimicrobial effect of Fenton reaction had been 
investigated for inactivation of junin virus, Escherichia coli, 
and spores of Bacillus subtilis [7-9]. Moreover, Penicillium 
chrysogenum, Stachybotrys charatum, Aspergillus versicolor 
and Cladosporium cladosporioides spores were adversely 
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affected by exposure to Fenton’s reagent [10]. Recently, 
Abdel-Wareth and Abdel-Wahed [11] have reported that 
certain Fenton concentrations resulted in a noticeable 
inactivation of the spores of Aspergillus niger and Penicillium 
citrinum. 

Invertebrates have been used for ecotoxicological 
studies due to their importance in trophic chains and their 
sensitivity to chemical pollution [12]. Gastropods, which are 
the most abundant mollusks, have been successfully used as 
bioindicators of toxicity by different compounds, e.g. metals 
and pesticides [13-17]. 

Biomphalaria alexandrina snails have been extensively 
studied because of their role as intermediate hosts for 
Schistosoma mansoni. Many researchers considered 
these snails as good models for laboratory monitoring of 
environmental toxicity [18-21]. These snails are characterized 
by their availability, easy collection, the ability to grow under 
laboratory conditions, also they need little space and small 
quantities of test samples which require evaluation, this 
eventually reduces the whole cost of the experiment. The aim 
of this study is to evaluate the suitability of B. alexandrina 
snails as bioindicators of Fenton toxicity. This is achieved 
through determining the percentage of snails’ mortality, and 
the alteration of catalase and superoxide dismutase enzymes 
levels in snails tissues. These enzymes were chosen because 
they represent the first line of defence against the effect of 
reactive oxygen species. 

Materials and Methods 

Exposure of Biomphalaria Alexandrina Snails to 
the Most Effective Fenton Concentrations

Adult Biomphalaria alexandrina snails (8-10 mm 
in diameter) were exposed in triplicates to four Fenton 
concentrations (2% H2O2+ 0.025 g FeSO4/100 ml, 
3% H2O2+ 0.025 g FeSO4/100 ml, 3% H2O2+ 0.075 g 
FeSO4/100 ml and 3% H2O2+ 0.1 g FeSo4/100 ml). These 
concentrations were chosen on the basis of their activity 
against Aspergillus niger and Penicillium citrinum spores in 
a previous study carried out by the same author [22]. 30 
snails were exposed to each concentration; 10 snails per 
one Liter of the treatment. Recovery took place after 0, 
30, 60 and 90 minutes of exposure by transferring snails 
to clean deionized water. A control group was maintained 
under the same circumstances. The snails in each treatment 
were allowed to thrive for 24 hr, then they were crushed 
between two slides, shell remains were removed, then the 
soft parts of the snails were withdrawn, weighted and put 

in labeled eppindorf tubes for enzyme assay. 

Enzyme Assay 

Snails soft tissues were washed in distilled H2O, followed 
by cold phosphate buffer (pH 7.4), and then re suspended 
in the same buffer. The cell suspension was disrupted by 
homogenization at 20000 rpm. The temperature during 
homogenization was maintained at 4-6°C by chilling in an 
ice-salt bath. Filtration of samples was carried out prior to 
its cold centrifugation at 13 000 g for 20 min. The activities 
of superoxide dismutase (SOD) and catalase (CAT) were 
measured in the extracts according to Nishikimi, et al. [23], 
Fossati, et al. [24] and Aebi [25], respectively. 

Statistical Analysis

The significance of difference between the values of 
enzyme activities at different time intervals, and between 
different treatments at the same time was determined 
by ANOVA using SPSS, where the post hoc test was least 
significant difference (LSD) (version 17.0). 

Results 

Biomphalaria alexandrina snails were selected as 
bioindicators of the side effects of antifungal Fenton 
concentrations. The mortality of snails is shown in Figure 
1, the snails exposed to the lowest Fenton concentration 
showed no mortality after 30 min. after 60 min of exposure, 
only 20% of the snails died in each of 3% H2O2 combined with 
0.025 and 0.075 g Fe2+. On the other hand, 3% H2O2 catalyzed 
by the highest Fe2+ concentration (0.1 g Fe2+) resulted in 40% 
death of snails after 60 min.

Concerning the antioxidant enzymes of snails, it was 
found that despite the fluctuations in CAT activities, there 
were no significant differences (P > 0.05) as the time 
extended to 60 min in case of exposure to the lowest Fenton 
concentration. Also, the values of CAT concentrations were 
very close in case of 3% H2O2 catalyzed by 0.025 g Fe2+ at 
0 and 60 min, and at 30 and 90 min. Moreover, the values 
of CAT activity were nearly the same after 60 and 90 min of 
exposure to 3% H2O2 catalyzed by 0.075 g Fe2+. Similarly, there 
was no significant difference (P>0.05) in CAT activity after 0 
and 90 min of exposure to the highest Fenton concentration 
(Figure 2). Contradictory, the fluctuations of SOD were more 
pronounced, it was observed that the maximum elevation 
of SOD was after 60 min of exposure to the highest Fenton 
concentration, followed by 3% H2O2 catalyzed by 0.025 g Fe2+ 
after 90 min (Figure 3). 
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Figure 1: Mortality percentage of Biomphalaria alexandrina snails treated with the effective Fenton concentrations at different 
time intervals. 

Figure 2: Mean values of catalase in tissues of Biomphalaria alexandrina snails treated with the effective Fenton concentrations. 
Different letters indicate significance (P < 0.05). 

Figure 3: Mean values of superoxide dismutase in tissues of Biomphalaria alexandrina snails treated with the effective Fenton 
concentrations. Different letters indicate significance (P < 0.05). 
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Discussion

Freshwater snails have been used as bio monitors 
of environmental pollution [26]. In the current work, 
Biomphalaria alexandrina snails exposed to the effective 
Fenton concentrations previously reported by Abdel-Wareth, 
et al. [22] showed low mortality percentages. This is in 
agreement with Fahmy, et al. [27]. They investigated the toxic 
effect of the oxidative stress on Biomphalaria alexandrina 
snails, where low mortality of snails was detected after 
their exposure to different concentrations of zinc oxide 
nanoparticles. 
 

Concerning the antioxidant enzymes of snails in our 
study, it was noticed that exposure of snails to different 
Fenton concentrations for 90 min has no pronounced effect 
on CAT activity. Contradictory, there were fluctuations in 
SOD activity. CAT and SOD are considered the first line of 
defense against the effects of reactive oxygen species (ROS), 
and they have evolved in different tissues of vertebrates and 
invertebrates [28]. The enhanced SOD activity observed in 
the present study at certain concentrations was probably an 
adaptive mechanism by the snails to counteract the oxidative 
stress [29]. Fahmy, et al. [27] evaluated the effect of zinc oxide 
nanoparticles on SOD and CAT enzymes of B. alexandrina 
snails, as it was found that the oxidative stress is one of 
the most commonly reported mechanisms of nanoparticles 
toxicity [30]. They reported a decrease in both enzymes in 
the low concentration, while at the higher concentration of 
the compound, the activity of both enzymes significantly 
exceeded that of the control. Moreover, the increase of 
catalase activity observed in the current study after 30 
and 90 min of exposure matches the findings of Sayed and 
Abdel-Wareth [31], as they reported similar induction of CAT 
after exposure of B. alexandrina snails to Huwa-san which is 
hydrogen peroxide combined with ionic silver. 

Conclusion 

The present results showed that the effective antifungal 
Fenton concentrations resulted in 20% mortality of 
Biomphalaria alexandrina snails after 60 min of exposure. 
Moreover, the tested Fenton concentrations noticeably 
alter the activity of SOD, while their effect on CAT was not 
significant. This indicates that B. alexandrina snails are 
suitable indicators of Fenton reagent toxicity.
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