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ABSTRACT 

 
Biological control of Biomphalaria glabrata that is the intermediate host of Schistosoma mansoni, 

through molluscicides has been an alternative against schistosomiasis. Many studies have been developed 

to obtain molluscicide products, from plants. Anacardium occidentale L. (cashew), a plant rich in 

phenolic compounds shows molluscicidal activity in earlier assays. However there is an interest of 

enhancing the action of bioactive substances in order to use it in small concentrations, reducing costs in 

their utilization. This study were conducted using ethanolic extracts of bark and leaves of A. occidentale, 

before and after exposure to gamma radiation from 
60

Co, checking their secondary metabolites, their 
biological activity against Biomphalaria glabrata and environmental toxicity. The extracts of A. 

occidentale were obtained by cold maceration in 70% ethanol, filtered, dried and divided into two 

experimental groups: control (0 kGy) and irradiated at a dose of 10 kGy. The quantification of 

metabolites was performed in six replicates for the determination of total phenols by Folin-Ciocalteau 

method and tannins, the precipitation of casein. Tests for biological control of embryos and adults of B. 

glabrata snails and assessment of environmental toxicity (using Artemia salina larvae) were performed in 

triplicate, following a period of 24 hours of exposure to extracts at a concentration of 100 mg/L and its 

respective controls. Data were expressed as percentages of means and standard deviations. The results 

showed that the gamma radiation from 
60

Co resulted in leaf extracts, increased levels of total phenols and 

tannins, which enhanced the lethality for embryos and adults of B. glabrata. There was a reduction of the 

toxicity of leaf extracts after irradiation in the Artemia salina. Since in extracts of bark, gamma radiation 

did not alter the levels of total phenols and tannins, however, it was noted potentiation of lethality of adult 
snails of B. glabrata. The analysis showed an increase in molluscicidal action, especially from leaf 

extracts of A. occidentale exposed to 
60

Co gamma radiation, which suggests the process of irradiation, as 

an efficient tool for lethal activity of extracts of A. occidentale in biological control of vector snails of 

schistosomiasis, to replace synthetic pesticides. 
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1. INTRODUCTION 

 

Some aquatic gastropod mollusks are vectors or intermediate hosts of parasites that 

cause major diseases in the world. Thus, they become relevant to the study involving 

the same control mechanisms [1; 2; 3; 4]. 

 

Schistosoma mansoni, transmitter of schistosomiasis, occurs in Africa, South America 

and Caribbean. The evolutionary cycle of Schistossoma mansoni, has the man and other 

mammals as definitive hosts. Their eggs are shed in feces, which arrive in time to any 

collection of fresh water, the hatch and release miracidia. They swim up to find aquatic 

mollusks of the genus Biomphalaria. Inside, the miracidia transform into sporocysts and 

cercariae are then released into the water. Later, free swimming toward the surface to 

find a host, closing the life cycle [5; 6].  

 

In Brazil, Schistosoma mansoni is transmitted by three host species of the genus 

Biomphalaria: Biomphalaria tenagophila (d`Orbigny, 1835), often found in the South 

[7; 8]; Biomphalaria straminea (Dunker, 1848) and Biomphalaria glabrata (Say, 1818) 

prevalent in the Northeast [8; 9; 10; 11, 12].   

 

Second [13; 14; 15; 16; 17], combat schistosomiasis is carried out in association 

educational measures of sanitation and the elimination of intermediate hosts (snails) 

using the following methods: environmental conditions that alter natural physical 

habitat that lives in the vector, such as land, water or vegetation [18]; Biological: 

Deploying bacteria, fungi, viruses and protozoa in the habitat of the snail, promoting 

competition [13;19]; Chemicals: using synthetic molluscicides (substances given in low 

concentrations in the water habitat of the snails, causing partial or total mortality of 

snails [20; 21]. However, all methods mentioned in any way cause damage to the 

environment. 

Control programs using the synthetic molluscicides, but the concern with the 

development of resistance of snails to these substances, which have low selectivity 

(acting on other species of wildlife, can disturb the local ecology) and the demand for 

readily biodegradable substances that do not cause damage to the environment have 

increased interest in the use of plant molluscicides [21; 22; 23; 24; 25].  

 

 In the Brazilian Northeast Anacardium occidentale Linn., known as the cashew tree is a 

plant family Anacardiaceae, originated in South America whose structures have large 

amounts of chemical constituents, especially polyphenols, which gives it great interest 

for medicine, cosmetics and food industry [26; 27; 28; 29; 30; 31; 32; 33].  

 

Polyphenols, including tannins and phenolic compounds, the constituents are more 

abundant constituents in vegetables, after cellulose, hemicellulose and lignin [34; 35; 

36; 37]. Are present in almost all species in the free state in nature, in the form of esters 

or heterosides being soluble in water and other polar organic solvents. Tannins also 

contribute to the taste, odor and color of various vegetable dyes are used as food and 

beverage [38; 39]. 

 

The molluscicidal activity is determined from the efficiency of a substance in either 

derail the embryos inside the eggs of snails (ovicidal action) and the adult animals. 

However, it is necessary that the molluscicidal study did not cause additional damage to 

the environment. Therefore, it is necessary to combine the study of a new molluscicide, 



brine shrimp bioassays to assess the environmental toxicity of the new substance. The 

method is able to determine the lethal concentration of active compounds and extracts in 

a saline medium [40; 41].  

 

Gamma radiation at doses ranging from 0.5 to 10 kGy, may or may not trigger changes 

in physical and chemical plant materials, and these changes peculiar to each species. 

Authors such as [33; 42; 43; 44; 45; 46], observed that the radiation caused increased 

levels of flavones, total phenols and tannins without dose-dependent association; 

Already [47; 48; 49] found that gamma radiation acts by decreasing the levels of 

tannins. However, some studies have found that gamma radiation can not influence the 

levels of phenols and tannins, even at a dose of 10 kGy [50; 51].  

 

This study aimed to evaluate the effects of gamma radiation from 
60

Co in crude extracts 

of A. occidentale Linn., on the concentration of phenolic compounds. Later we will 

analyze the sensitivity lethal ovicidal and adults from irradiated extracts of A. 

occidentale Linn., compared to B. glabrata, and also their toxicity on Artemia salina. 

 

2. METHODOLOGY 

2.1 Botanical material 

 

Anacardium occidentale Linn. (barks and leaves) was collected in a 20 ha. fragment of 

arboreal caatinga within the “Empresa Pernambucana de Pesquisa Agropecuária” (IPA) 

Experimental Station, Pernambuco State, Brazil (08º14'18.2"S e 35º54'57.1"W) at 537 

m.a.s.1. The area is located ca. 9 km northeast of the city of Caruaru, and approximately 

150 km from the state capital of Recife [52]. This area was chosen due to the large 

number of specimens of this genus and provides good conditions of preservation. A 

voucher specimen (46236) is deposited in the Geraldo Mariz UFP Herbarium, of the 

Department of Botany at the Universidade Federal Rural de Pernambuco. 

 

2.2 Preparation of extracts 

 

The extracts were obtained from the barks and leaves of A. occidentale by maceration 

for 72 hours in three consecutive extractions with ethanol/water 70%. Subsequently, the 

hydroalcoholic extracts were filtered and evaporated to dryness on the rotary evaporator 

Marconi (model MA-120). 

 

2.3 Irradiation of extracts 

 

Samples of crude extracts of barks and leaves of A. occidentale, consisted of 20g of 

each homogeneous material (control: 0 kGy, irradiated: 10 kGy). 

For irradiation, samples were placed in glass tubes and irradiated in Gammacell 

irradiating with 
60

Co source (model 220-Excel MDS Nordion, dose rate of 10.040 

kGy/h) from the Department of Nuclear Energy, Universidade Federal de Pernambuco. 

 

2.4 Determination of total phenols and tannins 

 

The presence of total phenols was determined by Folin-Ciocalteu while the total tannins 

by the method of precipitation of casein [53; 54; 55; 56]. 

 

 



2.5 Molluscicidal activity assay 

 

Bioassays for obtaining the molluscicidal activity were performed in triplicate in the 

Laboratory of Radiobiology, Department of Biophysics and Radiobiology, 

Universidade Federal de Pernambuco and consisted of the following tests: 

 

2.5.1 Lethality of embryos of Biomphalaria glabrata 

 

The bioassay followed the procedures described by Camey and Verdonk [57], which 

uses human embryos at the blastocyst stage of B. glabrata adults. The lethality essay 

considered a irradiated group and exposed to the concentration of 100 ppm of the 

extracts of A. occidentale; A non-irradiated group and the exposed to extracts of bark 

and leaves at a concentration of 100 ppm of A. occidentale, a positive control group 

undergoing cupric carbonate (CaCO3) and another forming the group undergoing 

negative control with water. Analyses were performed in triplicate, using a minimum 

number of 100 embryos. 
 

The embryos were distributed in Petri dishes and exposed to test substances for 24 

hours. Subsequently, the spawns were transferred to 10 ml of water filtered and 

dechlorinated (Filter BELLA-SOURCE-PURITY) and kept in greenhouse biochemical 

oxygen demand (BOD-Eletrolab ®-122FC), temperature 25ºC and a photoperiod of 12 

hours throughout the experiment. The embryos were observed for 10 consecutive days 

with the aid of a stereoscopic microscope (Tecnival ® SQZ). At the end of this period 

were accounted for viable embryos and nonviable (dead and malformed). The dead 

embryos had swollen mass, without body movement and heart, the living embryos 

showed normal development, and managing to break out during the observation period, 

whereas the malformed embryos were classified according to criteria Camey and 

Verdonk [57]. 

 

2.5.2 Mortality of adult Biomphalaria glabrata 

 

Groups of ten B. glabrata adults with shell diameter of 80 to 10 mm were exposed for 

24 hours non-irradiated and irradiated extracts of bark and leaves concentration of  100 

ppm (mg/L) of A. occidentale were separated into a control group using drinking water 

(negative control) and another group with cupric carbonate (CaCO3) as positive control. 

After 24 hours, the snails were washed and kept in dechlorinated tap water and filtered 

(filter-BELLA-PURITY SOURCE). We observed the occurrence of mortality, taking as 

criteria the retraction of snails into their shells or the release of hemolymph and 

observed the changes as a result of the heartbeat through a stereoscopic microscope. 

 

2.5.3 Artemia salina  lethality 
 

The test was performed according to the procedure described by Meyer et al. [40] and 

McLaughlin et al. [41]. Lethal concentrations below 100 g/mL indicated a potential 

toxic activity. Each extract (20 mg) was dissolved in 2 mL of seawater. The 

experimental concentrations were 10, 100 and 1000 mg/ml, performed in triplicate. 

Larvae of the type of brine Artemia salina (10 per vial) were added and after 24 h of 

contact, the survivors were counted. 

 

 
 



2.6 Statistical methods 

 

Used the Kolmogorov-Smirnov test to analyze the data normality. The results were 

evaluated by analysis of variance: a criterion for multiple comparisons followed by 

Tukey test at a significance level of 95% (p <0.05). Statistical analysis was performed 

with the BioEstat 5.0. 

 

3. RESULTS AND DISCUSSION 

 

3.1 Levels of total phenols and tannins 
 

Figure 1 shows the relationship between concentration and absorbance measurements of 

standard solutions of tannic acid, the following concentrations: 0.5, 1.0, 1.5, 2.0, 2.5, 3.0 

and 3.5 μg.mL
-1

. The graph obtained is a curve, where, as it was possible to determine 

the concentrations of total phenols and waste. The amount of tannin is the difference 

between the values found in the two readings. Total phenols and tannins were expressed 

as “mg” of dry matter. 
 

 

 
Figure 1. Calibration curve of the concentration of 

tannic acid in mg/mL
-1

 by absorption. In evidence, 

find the equation of the line and the coefficient of 

determination of the adjustment. 

 

 

Table 1 presents the average values of the levels of the major secondary metabolites 

present in the bark and leaves of A. occidentale. The analysis allowed us to observe a 

greater amount of total phenols in the peel. It is noteworthy that the present total 

phenols, tannins make up most of corresponding 89 to 92% in the bark, and 79 to 84% 

in leaves. This result agrees with that observed by Paes et al. [58], who found that the 

bark of A. occidentale structure that concentrates so much of secondary metabolites, 

particularly tannins this plant. 
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Table 1. Medium levels of total phenols and tannins from bark and leaves of 

Anacardium occidentale Linn to control (0 kGy) and irradiated (10 kGy) and 

statistical analysis (different letters indicate statistically significant differences 

between data). 
 

  

Percentual Values 

  Bark Folha 

Dose 

(kGy) 

 

Total Phenols 
Relative Percent** 

of tannins 
Total Phenols 

Relative Percent** of 

tannins 

0  5.79 ± 0.07* a 5.34 ± 0.07* a 3.13 ± 0.04* a 2.47 ± 0.06* a 

10  5.96 ± 0.04* a 5.34 ± 0.04* a 3.50 ± 0.08* b 2.93 ± 0.04* b 

* Mean of six repetitions and standard deviation.  
** From total phenol content. 

 

Gamma radiation acts on phenolic compounds of extracts from A. occidentale peculiar 

to western type of structure. The extracts of bark remained without statistically 

significant increases, suggesting that the increased availability of tannins, which are 

macromolecules present in extracts of bark, may have prevented the action of gamma 

radiation at a dose of 10 kGy. Since the levels of total phenols and tannins from the 

extracts of leaves, were influenced by the radiation, the low amount of tannins that 

favors the action of radiation (Table 1). 
 

3.2 Molluscicidal activity of extracts from Anacardium occidentale 
 

Table 2 presents the data obtained for the percentage of adult mortality and ovicidal B. 

glabrata exposed to extracts of bark and leaves of A. occidentale, 0 kGy and 10 kGy at 

a concentration of 100 mg/L. 

 
 

Table 2. Percentage ovicidal and lethality of adult Biomphalaria glabrata exposed 

to extracts of bark and leaves of irradiated and unirradiated Anacardium 

occidentale Linn. 

Biomphalaria glabrata 

 eggs* Adult* 

 
 

Doses de radiação 
 

 0 kGy 10 kGy 0 kGy 10 kGy 

Bark  100 92.5±1.9 70 90 

Leaf  13±5 27±2.5 40 50 

             *Negative control (H2O=0); positive control (CuCO3=100) 

 
 

The bark extract of A. occidentale showed a 100% embryonic lethality, while the leaf 

extracts showed a mortality rate of 13%. Gamma radiation at a dose of 10 kGy, 

influenced the ovicidal activity of crude extracts of bark and leaves of A. occidentale, 

with percentages of respectively 92.5% and 27%. Thus, there is a slight reduction (only 

5%) of embryonic lethality when exposed to extracts of bark, while in leaf extracts 

increased over 100% ovicidal activity (Table 2). 
 

)( x



Lemma and Yau [59] mention that the higher molecular weight phytochemical 

compounds is one factor that can hinder the penetration of plant extracts on the 

membrane of egg masses of B. glabrata. Thus, gamma radiation can is acting in breach 

of macromolecules and transforming them into structures with lower molecular weight 

and facilitating their entry into the cell membrane of B. glabrata. 

 

In Table 2, it can be observed that the extracts at 0 kGy, the different structures of A. 

occidentale act causing varying degrees of lethality in adults of B. glabrata, bark 

extracts caused higher mortality, 70%, compared with leaf extracts, only 40%. Pautou et 

al. [60]; Bezerra et al. [61] and Santos et al. [62] report that the polyphenols, especially 

the presence of tannins in plant extracts, are responsible for the toxicity or potential 

molluscicide, The results for the shells support this assertion, since it is observed greater 

lethal potential against adults of B. glabrata. 

 

It is observed that gamma irradiation at a dose of 10 kGy, heightened activity of the 

extracts against adults of B. glabrata, therefore, extracts of bark and leaves their 

lethality had increased by approximately 20% and 10% respectively.  

 

The criteria for an ideal molluscicide ovicidal are related to efficiency. However, if 

concentrations are lethal to adult snails have not removed the embryos immediately, as 

was observed in this study, it is still possible that these same concentrations prevent the 

hatching of the eggs or kill the embryos after a longer exposure [63; 64].  

 
  

Table 3 presents the percentage of lethality of extracts (irradiated and unirradiated) bark 

and leaves of A. occidentale, at a concentration of 100 mg/L in the Artemia salina. 

 

Table 3 shows the toxicity testing of extracts from A. occidentale exposed to Artemia 

salina, H2O compared to the negative control of the sea. He notes that the extracts at 0 

kGy, showed no toxicity of bark, and leaves showed 22.27% of toxicity, and is even 

lower than 37.21% H2O presented in the exhibition of the sea. Demonstrating that 

extracts of bark and leaves of A. occidentale to 0 kGy caused less environmental impact 

than the actual natural substrate. 

 

Table 3. Results of tests with Artemia salina lethality exposed to extracts of bark 

and leaves of Anacardium occidentale Linn, exposed or exposed to gamma 

radiation (0 kGy and 10kGy). 

 

Artemia salina * 

 0 kGy 10 kGy 

Bark  0 57.5 

Leaf  22.27 17.39 

*Negative control (H2O sea= 37.21). 

 

 

Also in Table 3 shows that gamma radiation influence the toxicity of extracts of A. 

occidentale, causing bark extracts with 57.5% increase in leaf extracts and reduction of 

about 5% of the Artemia salina lethality. The data suggest that gamma radiation at a 

dose of 10 kGy can is changing the chemical constituents of plant extracts of A. 

occidentale so peculiar to each structure. Further demonstrating that the process used in 



extracts of leaves of A. occidentale can further reduce the environmental impact. In this 

context it is suggested bioassays in natural environments to confirm these findings in 

the laboratory. 
 

Toxicity tests allow us to observe that extracts of bark and leaves of A. occidentale are 

usable in a natural environment to control the snail population, and reports also the 

gamma radiation from 
60

Co at a dose of 10 kGy as a modifier efficient in extracts of 

leaves of A. occidentale lowering environmental impact. According to Oliveira-Filho 

and Paumgartten [65], the low toxicity of extracts of bark and leaves of A. occidentale 

can be considered a feature of plant extracts for use as a molluscicide. 
 

According to WHO [66] only plant extracts at concentrations equal to or less than 20 

mg/mL and causing at least 90% mortality when exposed for 24 ha of shellfish species, 

can be used in biological control programs. This paper presents percentage less than the 

minimum lethal even at higher concentrations. Souza et al. [27] noted that although the 

vegetables considered somewhat toxic to embryonic lethality of shellfish exposed to 24 

hours, can cause an inhibitory effect on prolonged exposure and be relevant to the job in 

biological control programs. Gamma radiation can be an important part in the 

potentiation of extracts in the long term. 
 

Since Clark et al. [67] reported the existence of some important characteristics in 

choosing an ideal molluscicide and are found in ethanol extracts of A. occidentale, 

presented in this study: adult and embryotoxic activity of B. glabrata, low toxicity, ease 

of preparation and water solubility of the same, noting that A. occidentale occurs 

naturally and easy to grow, especially in the Northeast of Brazil, where higher rates of 

Schistosoma mansoni. 
 

However, preliminary results open interesting perspectives that gamma radiation can be 

an innovative tool to enhance the action of extracts of A. occidentale in combating the 

intermediate host of schistosomiasis. In support of well, the future use of this plant to 

fight this endemic tropical disease, through the use of natural resources is starting a 

renewable and economically correct, reducing environmental impact in relation to 

currently available synthetic pesticides. 
 

3. CONCLUSION 

 

These results demonstrate both the capability and ovicidal activity in the elimination of 

adult Biomphalaria glabrata as well as reducing the environmental toxicity of extracts 

of leaves of Anacardium occidentale exposed to gamma radiation of 
60

Co, nap 

methodology can be used as an efficient tool for biological control of snail vectors of 

schistosomiasis, and also to replace synthetic pesticides, reducing the environmental 

impact, since it uses plant material that are renewable and environmentally friendly. 
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