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ABSTRACT 
 

The objective of this work was to study the molluscicidal activity of aqueous extract of Mikania glomerata on the 
land snail Subulina octona and to assess the changes caused on the snail’s fecundity, growth, hatchability and the 
offspring produced after exposure. Eggs, newly hatched and 30 day old snails were exposed to the sublethal 
concentration of M. glomerata extract for 24 and 48 h and the observations were made for 120 days. The presence 
of tannins, flavonoids and saponins were shown by phytochemical tests. The extract reduced significantly the 
hatchability and the survival of the offspring hatched from the exposed eggs. The eggs exposed for 48 h presented 
lower hatchability rates. There was a reduction on survival and growth of newly hatched and 30-days old snails 
exposed to the extract. These results indicated that the aqueous extract of M. glomerata could be applied as an 
alternative molluscicide for the control of this snail species efficiently.  
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INTRODUCTION 
 
The land snail Subulina octona (Subulinidae) is 
widely distributed in Brazilian territory and is 
generally found in damp and shaded places such as 
vegetable gardens and gardens (Araújo and Bessa 
1993). This species can be a problem for public 
health because it acts as an intermediate host of 
parasites that infect humans and domestic animals 
such as Postharmostomum gallium (Witenberg 
1923); Alicata (1940) and Duarte (1980); 
Platynosomum illiciens (Braum 1901) Maldonado 
(1945); Tanaisia bragai (Santos 1934) Brandolini 
et al. (1997); Angiostrongylus vasorum (Baillet) 
(Bessa et al. 2000) and can be a crop pest in high 

densities. Due to this reason, it is necessary to 
control this species. Moreover, S. octona 
represents a good biological model for laboratory 
studies, due to some characteristics of its lifecycle 
such as high rates of reproduction and hatchability, 
fast sexual maturity, short incubation period 
(Bessa and Araújo 1995) and homogeneous 
growth (D’ávila and Bessa 2005) making easy to 
analyse the products and/or extracts with potential 
molluscicidal activity.  
Synthetic molluscicides currently used cause 
contamination to environment due to their high 
toxicity (Gasparotto et al. 2005). Therefore, the 
World Health Organization recommends the use of 
plant molluscicide because of their lower toxic and 
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residual effects (WHO 1983). Niclosamide (2,5-
dichloro-4-nitrosalicylanilide) is the only synthetic 
molluscicide recommended by WHO (2002). 
However, its high cost and difficult formulation 
make its use difficult. 
The species Mikania glomerata Sprengel 
(Asteraceae), popularly known as “guaco” (Rocha 
et al. 2008) is an herbaceous creeper (Neves and 
Sá 1991) widely distributed in Brazil and 
commonly used in folk medicine to treat 
respiratory diseases (Santos 2005).This plant 
presents active principles in its chemical 
composition such as flavonoids, saponins and 
tannins, all with biocidal activity, including 
against snails (Neves and Sá 1991; Lima and Biasi 
2002; Taleb-Contini 2006; Haida et al. 2007; Filho 
2010). Saponins are chemically classified as 
steroidal glycosides, or polycyclic terpenes, which 
comprise a hydrophilic glycoside and a lipophilic 
(triterpene, or steroid) moiety that are responsible 
for its capacity to reduce the surface tension and 
foaming in aqueous solutions. Flavonoids are an 
important class of polyphenols found in the plants, 
which present antioxidant properties Tannins are 
phenolic compounds found naturally as esters, or 
heterosides, soluble in water and in polar organic 
solvents. They are classified in two groups based 
on their structural types: hydrolysable tannins and 
condensed tannins (Simões et al. 2010).     
The aim of this study was to assess the effects of 
CL50 of the aqueous extract of M. glomerata on 
different life stages of S. octona exposed for 24 
and 48 h.  
 
 
MATERIALS AND METHODS 
 
The eggs, newly hatched and 30 day old snails 
used in this study were obtained from a colony 
maintained at the Snail Biology Laboratory of 
Prof. Maury Pinto de Oliveira Malacology 
Museum at Juiz de Fora Federal University 
(latitude: 21°45'13"S; longitude: 43°21'19’’W; 678 
m altitude). The snails were kept in plastic 
terrariums (9 cm diameter, 6 cm length) containing 
50g of moistened sterilized mulch (120° for 1 h) 
and closed with cotton cloth and rubber bands. In 
all the tests, the terrariums were moistened with 
tap water and the animals were fed with poultry 
feed enriched with calcium carbonate according to 
Bessa and Araújo (1995).   
The leaves of M. glomerata were collected in 
January, 2011 from a vegetable garden in São 

Benedito in Juiz de Fora city, MG (S 21° 44’ 
985’’; HO 43° 19’ 894’’; 831 m of altitude). One 
exsiccate was added at the herbarium Leopoldo 
Krieger at Federal University of Juiz de Fora 
under register CESJ 58.407. The leaves were 
washed and dried at room temperature for 10 days. 
The aqueous extract of the aerial parts was 
obtained by cold static soaking of the leaves in 
distilled water for 72 h and the solution was 
filtrated. The sublethal concentration (LC50) was 
calculated for adult snails (45mg/mL) and the 
same dose was used in all the tests of hatchability 
and survival. The LC50 was calculated by the 
Probit analysis using the BioStat 2008, version 2.5 
program. 
 

Saponins analysis 
Saponins for the analysis were made by a 
decoction of 2.0 g dried plant in 10 mL of distilled 
water for three minutes. After cooling and 
filtration of this solution, 5.0 mL of the filtrate was 
into a test tube and shaken vigorously for 15 
seconds and left to rest for 15 min. The formation 
of persistent foam after the settling time and 
addition of three drops of hydrochloric acid 
showed the presence of saponins. For semi-
quantitative analysis, 1.0 g of the dry plant was 
decocted in 100 mL of distilled water for 30 min. 
The solution was filtered and the filtrate was tested 
for was added in 10 test tubes (16 cm height and 
16mm diameter, numbered 1 to 10) in increasing 
amounts and supplemented with distilled water to 
10 mL The identification of saponins and the 
foaming index were determined according to 
WHO (1992) and Farmacopéia Brasileira (2010).  
 

Flavonoids analysis 
Flavonoids were identified by the colorimetric 
analysis with 10% sodium hydroxide, with a 
decoction of 5.0 g of the dried plant in 100 mL of 
distilled water during 15 min, followed by 
filtration. The presence of flavonoids was 
confirmed by a yellowish coloration (Mouco et al. 
2003). 

 

Tannins analysis 
A decoction was made with 10 g of M. glomerata 
in 250 mL of distilled water during 15 min. After 
cooling, the extract was filtered and the aqueous 
fraction was used for the test. An agar solution 
(Merck) was prepared at 2.5% in distilled water 
previously heated. The extract (2.0 mL) was taken 
in a test tube to which two drops of dilute 
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hydrochloric acid were added. In another test tube, 
the same amount of extract and acid was taken and 
the agar solution was added drop by drop. The 
presence of tannins was confirmed by the turbidity 
of the aqueous extract. To differentiate the class of 
tannins (condensed, or hydrolysable), a 
colorimetric test with 2% ferric chloride (FeCl3) 
was used Stiasny (Doat 1978). For this, a 
decotction mixing 10 g in 250 mL distilled water 
for 30 min and filtering. An aliquot of 100 mL of 
this extraction was transferred to a 500 mL beaker 
and 15 mL of reactive Stiasny was added (5.0 mL 
of concentrated hydrochloric acid and 10 mL of 
10% formaldehyde) prepared minutes before the 
reaction. The solution was left to stand for 24 h 
and the precipitate obtained after filtration was 
dried in an oven at 101 ± 2 ° C until constant 
weight, which was the number of Stiasny (g 
quantity of condensed tannins in the aliquot). For 
this test, the analysis was done in triplicate. 
 

Analysis of hatchability after the exposure of 
eggs for 24 and 48 h 
Sixty eggs were distributed in four groups (15 
eggs/ group). The assays were conducted at room 
temperature and the relative air humidity was daily 
measured (21-24° C and 82% of relative air 
humidity). The eggs were sprayed using 20 mL of 
the extract and left for 24 and 48 h. Control groups 
composed of the same number of eggs sprayed 
with 20 mL of distilled water and left for the same 
time period. Then the eggs were transferred to 
terrariums with the same measurements and lined 
with previously sterilized mulch and moistened 
with tap water. The eggs were observed daily to 
assess the hatchability during 30 days. 
 
Survival of the offspring hatched from exposed 
eggs  
The hatched juveniles were kept in the same 
conditions as described above. Snails were fed ad 
libitum with poultry feed enriched with calcium 
carbonate (3:1 proportion). The mortality and time 
required to reach the maturity were assessed every 
three days during 120 days.  
 
Effects of the LC50 on growth, survival and 
reproduction on newly hatched and 30-days old 
Subulina octona exposed for 24 and 48 h to the 
aqueous extract of M. glomerata 
For this assay, 40 newly hatched and 30-days old  
 

snails were used with mean size of 2.03 mm ± 
0.24 mm (newly hatched) and 6.00 mm ± 0.58 mm 
(30-days old juveniles). The snails were 
distributed in four groups (10 eggs/ group) and 
kept in plastic terrariums lined with previously 
sterilized mulch, where was pulverized with 20 
mL of the extract. The control groups comprising 
the same number of snails received only distilled 
water. The terrariums were closed with cotton 
cloth and an elastic rubber to avoid the escape of 
the snails. After the exposure period, the snails 
were transferred to other terrariums and fed as 
described before. 
The growth was determined by monthly 
measurements of shell length using a caliper rule 
Kanon (Mardened Stainless 1/28 in. 1/20 mm). To 
assess the mortality, analysis were conducted 
every three days during 120 days by direct 
observation of the snails and the dead snails were 
removed from terrariums. The sexual maturity was 
assessed with the same frequency and determined 
by the presence of eggs in the uterus, seen through 
the shell (D’ávila and Bessa 2005). 
 

Statistical analysis 
The Kruskal-Wallis and the Student-Newman-
Keuls, both with significance level of 5%, were 
applied to compare the hatches means. Mortality 
rates and the growth of the snails exposed to the 
extract were calculated with the BioEstat software, 
version 5.0. The survival curves were prepared 
using the Origin software version 6.0. 
 
 
RESULTS  
 
Phytochemical analysis 
The aqueous extracts of M. glomerata showed a 
yellowish color that changed into red after the 
addition of sodium hydroxide confirming the 
presence of flavonoids. The test with agar solution 
to confirm the presence of tannins was positive. 
The moss green coloration observed after the 
addition of ferric chloride confirmed the presence 
of condensed tannins, which was also confirmed 
by the Stiasny test. The results of these tests are 
presented on Table1. Results showed the presence 
of saponins and the foam index was 100.  
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Table 1 - Tannins content (expressed in g/100 g of the 
dried plant) in the aqueous extract of Mikania 
glomerata, the percentage of tannins in the extract and 
in the plant.  

Specie 

Tannins 
mass in  

the plant 
(g*100-1) 

Total in 
come of 
tannins 

(%)  

Total 
tannins in 

the  
 extract (%) 

Total 
tannins 
in the 

plant (%)  
M. 

glomerata 
1.77±0.64 13.58 15.16 2.05 

 
 
Analysis of hatchability after the exposure of 
eggs for 24 and 48 hours 
The analysis demonstrated that the M. glomerata 
extract influenced negatively the hatchability of 
the eggs exposed for 24 h (H=10.9357; p=0.001) 
and 48 h (H= 21.9613; p<0.0001). The exposure 
time also influenced the hatching rates, with 
hatchability significantly lower on the higher 
exposure time (H=4.536; p=0.0343). There was no 
difference between the hatching means for the 
control groups in both time period (H=0.0625; 
p=0.8026) with a percentage of 98.3 and 94.6% for 
the groups exposed for 24 and 48 h, respectively 
(Table 2). 
 
Survival of the offspring hatched from the 
exposed eggs  
The survival of snails hatched from the eggs 
exposed to the extract were significantly lower 
when compared to the control groups (24 h: 
H=8.1270, p=0.0047; 48 h (H=10.5058; p=0.0023) 
(Fig. 1). Although the hatching means for the 

 

groups treated with M. glomerata for 24 h had 
been higher when compared to 48 h, the survival 
of hatched snails were different, being higher for 
48 h group than for 24 h group (H=5.3333; 
p=0.0341). No signifcant difference was observed 
on the survival percentage of the snails from the 
control groups for both time period of exposure 
(H=8.3333; p=0.2612) with 86.4 and 89.5% for 24 
and 48 h groups, respectively (Fig. 1). 
There was no onset of sexual maturity on the 
exposed and control groups during the observation 
period.  
 

 
 

Figure 1 - Survival of the offspring of Subulina octona, 
hatched from eggs exposed to the aqueous 
extract of Mikania glomerata, for two 
exposure period (24 and 48 hours), observed 
for 120 days. 

 
Table 2 - Hatchability of Subulina octona exposed to the aqueous extract of Mikania glomerata for 24 and 48 hours 
observed for 30 days (mean, standard deviation, range of variation and hatchability percentage). 

Groups 
Hachability 

X±SD Range of varitation Hatchability percentage (%) 

Control 24 hours 14.75±0.43a (14-15) 98.3 

  48 hours 14.25±1.29a (12-15) 94.6 

Exposed 24 hours 7.75±4.08b (1-11) 51.6 

  48 hours 2.00±1.47c (1-5) 18.3 
a,b,c=  means followed by different letters are significantly different according to the Kruskal-Wallis test (p<0,05).  The average 
number of eggs is the sum of the number of eggs divided by the total number of live molluscs. 
 
 
Effects of the LC50 on growth, survival and 
reproduction of newly hatched Subulina octona 
exposed for 24 and 48 hours to the extract 
The survival of newly hatched snails exposed to 
the aqueous extract was lower in comparison to 

the control group (24 hours: H=6.0541; p=0.0209; 
48 hours: H=6.137; p=0.0209) (Fig. 2). Exposed 
groups reached 100% of mortality at the end of 75 
days. 
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Figure 2 - Survival of newly hatched Subulina octona 

exposed to the aqueous extract of Mikania 
glomerata, for 24 and 48 hours, observed 
for 75 days after exposure. 

 
 
At 60 days, the growth of the exposed groups 
differed from the groups on both the exposure 
periods (24 h: H=8.61, p= 0.0034; 48 h: H= 
4.1951, p=0.0408). No significantly difference was 
observed on the growth of S. octona exposed to 
the extract for both the periods (H=0.2727, 
p=0.6015). Exposed groups did not differ between 
each other for exposure periods (H=8.1028, 
p=0.0045). The average size in the treated groups 
was 8.06±0.55 and 8.2±1.78mm for the 24 and 48 
h, respectively; for the control group, this mean 
was 9.53±0.72 mm for the 24 h and 10.01±1.71 in 
the 48 h. The maturity was attained by the exposed 
groups for both exposure times. Only 13% of the 
snails from the control groups exposed for 24 h 
and 37% of snails exposed for 48 h reached sexual 
maturity at the end of the 75 days of observations.  
 
Effects of the LC50 on growth, survival and 
reproduction on 30 day old Subulina octona 
exposed for 24 and 48 hours to the treatments. 
There was no mortality during the first hours after 
the exposure. The groups treated for 48 h, the first 
death occurred on the third day after the exposure. 
At the end of the 8th week, the mortality rate was 
100% for this group. The survival of the snails 
exposed for 24 h was significantly lower compared 
to the control groups exposed to the same time 
period (H=5.6; p=0.0209). These results were 
similar to the groups exposed for 48 h (H=6.0541; 

p=0.0139). The survival percentage of the exposed 
and control groups are shown in Figure 3. There 
was no significant differences on the survival 
between the groups exposed for 24 and 48 h (H=1; 
p=0.3173), which was probably due to the high 
percentage of mortality for both the groups. Figure 
3 also showed that the survival at the end of 15 
days in groups exposed for 48 h was about 20%. 
To reach this same survival rates, the 24 h groups 
took 80 days.  
 

 
 
Figure 3 - Survival of 30th day old Subulina octona 

exposed to the aqueous extract of de 
Mikania glomerata for 24 and 48 hours 
observed for 90 days after exposure. Points 
in axis X and Y marked to evaluate the 
efficiency and time of action on both 24 
and 48 hours exposure period. 

 
 
The growth in groups exposed for 24 h was 
monitored until the 60th day, while for groups 
exposed for 48 h this was until the 30º th day as by 
his time the mortality was 100%.  The growth of 
control groups was significantly higher when 
compared to the groups exposed for the same time 
period (24 h: H=6.9585, p=0.0084; H=11.6639, 
p=0.0006). The average size in the exposed groups 
was 7.52±1.11 mm and 8.01±1.08 mm for the 
groups exposed for 24 and 48 h, respectively. This 
mean was 9.13±1.40 mm for the 24 h and 
10.82±1.99 mm for the 48 h for the control groups. 
Only 9% of the living snails from the groups 
exposed for 24 h reached the sexual maturity at the 
end of the observation period. For the 48 h group 
no sexual maturity was seen. This was 36 and 
52.6% for the control groups exposed for 24 and 
48 h, respectively. The age (days) of snails at the 
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reach of maturity was: 24 h: 67.4±6.04; 48 h: 
59.6±3.38 for the control groups and 24 h: 87.0±0 
for the exposed groups. 
 
 
DISCUSSION 
 
The hatching rates obtained for the control groups 
corroborated with the data obtained by Bessa and 
Araújo (1995) who reported a rate of 94.8% on the 
viability of the eggs for the species. The low 
hatching rates are important for the control of 
snails because if the number of hatched snails is 
low, the lower would be the adult population with 
reproductive potential. The inactiveness of some 
extracts in snails eggs have been questioned by 
some authors (Pereira et al. 1978; Souza et al. 
1992; Magalhães 2003; Leyton et al. 2005). 
According to Lemma and Yau (1974), the low 
efficiency of molluscicides in eggs is probably due 
to their high molecular weights that hinder the 
passing of the molluscicides through the 
membrane that the egg has. The aqueous extract of 
M. glomerata affected the hatchability of S. 
octona, which suggested that the molecular 
structure of the active principles responsible for 
the toxic effects were simplified structure with a 
lack of ramifications, making easy the penetration 
in the pores of the membrane that enveloped the 
embryo. According to Figure 3, the efficiency of 
the extract related to the time of action in 30-days 
old snails was higher in the groups exposed for 48 
h. This showed that the higher exposure period 
was related to high mortality of the snails, and 
therefore to a successfully control. 
Although the treated and controls molluscs were at 
the same temperature, this could have influenced 
the achievement of sexual maturity of newborns S. 
octona since these could already be weakened by 
the exposure to extract. According to Furtado et al. 
(2004), the influence of temperature on the life 
cycle of land snails influences the reproduction, 
growth and the behavior. Ferreira (2009) observed 
the reaching of sexual maturity of 30-days old 
snails of the same species exposed to a caffeine 
solution with 105. Bessa and Araújo (1995) found 
the reach of sexual maturity in S. octona from 38 
to 50 days after the birth; however, this study was 
conducted at higher temperatures. The changens in 
the growth of newly hatched and 30-days old 
snails resulted by the M. glomerata extract in S. 
octona could be an important result to control this 
snail. D’ávila and Bessa (2005) observed that the 

shell length of S. octona was directly related with 
the uterus size and snail’s fecundity. The exposure 
time influenced the intensity of the effects on 
different life stages of this species. This indicated 
a stability of these active principles until 48 h after 
the application contributing to an increase in the 
efficiency of the extract.  
To control a population of the snails with 
epidemiological importance, aquatic or terrestrial, 
it is necessary to find the alternative molluscicides 
with easy preparation and application that show 
toxicity at low concentrations. It should be toxic 
for several life stages of the snails, selective and 
harmless for humans and environment (WHO, 
1965; Singh et al. 1996; Ministério da Saúde 
2008). 
The interferences caused by the exposure to LC50 

of the extract obtained from M. glomerata on 
different life stages of the snailsvcould be due to 
the presence of saponins and tannins that easily 
dissolved in the water (Simões et al. 2010) and 
could penetrate through the pores of the thin 
calcite  layer that enveloped the embryo. The 
probable mechanism of the action of 
hypocholesterolemic saponins is related to its 
capacity  to cause cellullar lyses and complexation 
with steroids, resulting in the biocidal action of 
these compounds (Simões et al. 2010). Tannins are 
polyphenols, containing several hydroxyl groups 
that make possible thir complexation with 
proteins, causing precipitation and as a 
consequence, its inactivation. This characteristic 
can explain the action of tannins. Flanonoids may 
act by inhibiting the detoxification system of the 
snail. Silva (2007) found changes in the enzyme 
cytochrome P450 in land snail Cantareus aspersus 
(Müller) (Helicidae) exposed to tobacco leaves, 
Nicotiana tabacum (Solanaceae). This enzyme is 
part of an ancient family of proteins and acts in 
detoxification process degrading various 
xenobiotics and turning them into easily excreted 
molecules. These compounds can act 
synergistically, be additive or even making easier 
the absorption of another compound, intensifying 
the lethal effects in the snails. Plants with higher 
content of tannins, saponins and flavonoids may 
be more efficient in the control of molluscs 
In Brazil, there are few studies on molluscicides to 
control the land snails. Most of the studies are 
focused on aquatic snails, especially Biomphalaria 
involved in the transmission of Schistosoma 
mansoni (Mello-Silva et al. 2006a; Mello-Silva et 
al. 2006b; Bardón et al. 2007; Xavier et al. 2010). 
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Therefore, more comprehensive studies of 
molluscicidal compounds in plant species of 
Brazilian flora directed to land snails are needed. 
These results demonstrated that the M. glomerata 
extract affected significantly the different life 
stages of S. octona, affecting the hatch and 
survival of the juveniles. The application of the 
extract also reduced the survival and growth 
means of newly hatched and 30-days old snails. 
Results also showed a direct relation between the 
hatchability and time of exposure of the eggs to 
the extract and that the exposure of the snails to 
the extract influenced the survival along the time. 
These results, allied to the easy preparation of the 
extract, low cost of application, could make the 
aqueous extract of M. glomerata an alternative 
molluscicidal efficient in the control of this 
species. 
 
 
CONCLUSION 
 

Mikania glomerata is a largely distributed plant of 
easy cultivation that possessed active principles 
with molluscicidal activity. Due to the solubility of 
the these principles in water, the process of their 
extraction could be environmentally-friendly and 
cheap. The results obtained in this study could 
guide other studies for controlling other snail 
species with epidemiological importance, which 
could be used on crop pests.  
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