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ABSTRACT

Land snail Subulina octonaexposed to lethal concentration @JCand sublethal
concentration (L&) of aqueous extracts dbolanum paniculatunio assess the
changes caused by successive application of th&etkab concentration on the
species’ fecundity and the number of offspring picetl after exposuré&uccessive
application of the Ciy of the aqueous extract caused changes in the diggun
mortality, time to reach maturity and clutch sizeoquced after exposure. The
exposed snails’ fecundity declined in all applicat, but there was no relation
observed with the time of exposure. There was radtfer increased fecundity of the
unexposed snails that did not occur in the exposes. The offspring produced after
exposure of the adults took longer to reach mataniid also developed longer shells
in this life stage than the young snails producgthle unexposed specimens.

Keywords: Glucose contentecundity; Land snail; Molluscicide.

INTRODUCTION
The close relationship between some parasite spegid their intermediate snail
hosts makes control of snail populations an effecstrategy to control parasites
(D’Avila, et al., 2004).

Subulina octongBruguére, 1789) is a land snail that is widelgtdbuted in
tropical regions (Araujo and Bessa, 1993; D’'AvitedaBessa, 2005), including many
regions of Brazil, where it is involved in the teamission of helminths of veterinary
importance (Aradjo and Bessa, 1993; D’Avila and $gs2005). The life cycle
characteristics of this species, such as fast $eraturity, short incubation period,
high hatchability (Bessa and Aradjo, 1995), homegeis growth (D’Avila and
Bessa, 2005) and reproduction throughout the yesltenthis species excellent for
laboratory studies.

Many experiments have been conducted to find maltidal substances of
plant origin that can be employed instead of thesgnces currently used to control
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snails (Souza and Mendes, 1991; Mello-Silva, et28l06; 2010). Although, most of

these studies carried out in Brazil have focusedreshwater snail species which
transmit diseases that afflict humans (Vasconcelod Amorim, 2003a; 2003b;

Leyton, et al., 2005; Mello-Silva, et al., 2007;120. Few studies have been
conducted on new methods to control land snailshese methods are still generally
traditional ones, including manual capture.

The effort to find new molluscicidal substancesingortant because the
commercial chemicals currently utilized to contsolail populations are harmful to
the environment, by killing non-target organismsl @ccumulating in the food web
(Thomas, 1995). Plants naturally produce compotinagigh secondary metabolism
that provide defense against herbivores that babcidtivity and are used in folk
medicine as bactericides, fungicides, nematicideghelmintics and acaricides,
among others (Al-Daihan, 2008Bolanum paniculatumLinné (Solanaceak is
popularly used to combat hepatic maladies. It doatahemical compounds such as
saponins, tannins and glycoalkaloids, all of whidve proven activity, including
against snails freshwater (Mason, et al., 1994yviaed, et al., 2000; Jorge et al.,
2001; Mesia-Vela, et al., 2002; Silva et al., 2086uza et al., 200&I-Sherbini et al.,
2009. Researches on the molluscicidal activitysofpaniculatunare promising, being
this the first study of the effect of this plant thiis snail species.

The objective of this study was to verify the chesgn the reproductive
biology of Subulina octonaxposed to successive applications of agqueouaatxtof
S. paniculatumThe effects of these extracts were also evaluatediortality, time to
reach maturity, number of young snails reachingunitgtand size at maturity of the
offspring produced after exposure of the parenilsna

MATERIAL AND METHODS
Snail: The snails used in this study were obtained frooolany maintained at the
Snail Biology Laboratory of the Prof. Maury Pinte @liveira Malacology Museum
at Juiz de Fora Federal University (UFJF).
Plants: S. paniculaturmeaves were gathered in the Sdo Pedro distrithefcity of
Juiz de Fora (S&o Pedro borough, Juiz de Fora, dM@erais: 21°46.301'S and
43022.372" W) and identified in Leopoldo Krieger rHarium, UFJF. Young leaves
were selected measuring an average of 18 without mechanical injuries or signs of
insect attack. The leaves were washed and thed dtieoom temperature for two
weeks, after which they were ground up in a dormoebtender and placed in
hermetically sealed plastic jars. The aqueous etstraere produced by static soaking
of the ground leaf material in distilled water #8 hours at room temperature.
Phytochemical analysis of aqueous extract of S. malatum: The identification of
saponins in the agueous extract and the determimafifoaming index were realized
according to the World Health Organization protadd@®92). To confirm the presence
of tannins in the extracts &. paniculatunand S. lycocarpumt was realized a test
with a decoction with 5g of the dried plant in 160 of distilled water during 30
minutes followed by simple filtration and resenfed the tests. It was made an agar
solution (Merck) at 2, 5% in distilled water. Tdfdrentiate the class of tannins it was
realized the colorimetric test with ferric chlorigeCk) at 2%. To the identify and
guantify the condensed tannins it was utilizedStiasny method (Doat, 1978).
Calculation of the lethal concentration (L) and sublethal concentration (L&)
of S. paniculatum:To find the lowest concentration that would cau8@% mortality
of the snails (maximum concentration). This conaidn was established trough
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previous tests with the concentrations of 1% a 30#h intervals of 5%. These
concentrations were reduced in intervals of 1% luthie establishement of the
minimal concentration. The predetermined maximumceatration of the aqueous
extract of theS. paniculatuneaves was 8mg/ml. From this concentration, dihsi
were prepared at regular intervals of 1mg/miSofpaniculatumfor a total of eight
concentrations.

The LG, and LGo were established by bioassays in which 15 adudtlsn
(mean shell length of 11.0 £ 3.0mm) (5 snails/gjowere exposed to each of the
concentrations for a period of 24 hours. The expowas carried out by spraying 8ml
of each concentration on the animals using a maspi@yer, in plastic terrariums
with capacity of 0.25L, sealed with cotton clotrdamibber bands after application.
After the exposure period, the snails were subnhittea recovery period lasting 24
hours. For this purpose, they were transferredeatical terrariums containing 20g of
moistened sterilized mulch (120°C for 1 hour) aed dd libitum with poultry feed
enriched with calcium carbonate (3:1 proportions&e and Aradjo (1995). The
mortality was only recorded after the recovery @ériThe LG and LGy, expressed
in g/ml, were determined by using the BioStat 20@8sion 2.5 programs.

Mortality and changes in fecundity caused by exposuo the LG of the aqueous
extract of S. paniculatum: To assess the reproductive alterations, 30 adaltss(l0
snails/group), with mean shell length of 11.0 £+n8m9, were exposed to the glof

the aqueous extract 8f paniculatumThe groups were exposed during 24, 48 and 72
hours, followed by evaluation of the mortality afedundity for 30 days. The snails
were exposed to the kgof S. paniculatunB80 and 60 days after the first application
and the same parameters were evaluated. Contrapgroomposed of the same
number of snails were subjected to the same rquiunteonly with distilled water.

To assess the mortality and fecundity, the surgisnails were kept in clear
plastic terrariums with volume of 1 L (Silva, et,&008).

The mortality was evaluated by direct observatibthe animals and removal
of the dead ones. The fecundity was establishdtidaverage production of eggs per
snail in each treatment. The eggs produced werevethfrom the terrariums every
two days.

Alterations in the glucose concentration in the helymph caused by exposure to
the LG5 of S. paniculatum: To assess the changes in the glucose concentnatibe
hemolymph caused by exposure to thesd©f S. paniculatum 120 snails (10
snails/group) were exposed according to the mettestribed above during 24, 48
and 72 hours. Hemolymph samples were collected atieh exposure interval by
cardiac puncture. The glucose concentration wasrmd@ted by adding 10 ml of
serum to a medium containing 0.05 M of sodium phasp buffer (pH 7.45), 0.03
mM of aminoantipyrine, 15 mM of sodium p-hydroxylzeate and at least 12 kU of
glucose oxidase and 0.8 KU of peroxidase per litke absorbances were then read at
510 nm against a reaction blank, utilizing the Deglse 100mg/dL standard

(Doles®). The spectrophotometric readings were taken thitke repetitions and the
results were expressed in mg/dL.

Analysis of the young snails after exposure of tharents:To assess the effect of the
extracts on the offspring produced after exposurehe adult snails, 30 recently
hatched snails (10snails/group) from the treatedl @ntrol groups were observed
from hatching to sexual maturity. The procedure wasried out after each

application. The survivals, time to reach matuaity size at maturity were recorded.
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Statistical analysis The results were expressed as mean * standardtidavand
compared by applying the Kruskal-Wallis test, faled by the Student-Newman-
Keuls test (significance of 0.05), calculated wibk BioEstat 2005 software.

RESULTS
It was confirmed the presence of saponins and manm both extracts. Té&.
paniculatumthe foaming index was 500. The presence of tanmassconfirmada and
the Stiasny method detected the presence of coeddasnins, being the mean mass
calculated of 4.45mg + 0.4.
Mortality: The LGy of S. paniculatunwas 5.04% and the lgwas 2.7%. There was
no mortality ofS. octonaafter the first application of the lgof the aqueous extract
of S. paniculatum After the second application there was 3.5% ntitytalue to
exposure to the extract for 48 hours, but thisrigdid not differ significantly from
that of the control group (H=1.5; p=0.1). After tiinerd application, the mortality was
3.0% for the snails exposed for 48 hours to theaeid at the L& of S. paniculatum
(H=1.4; p=0.1).
Alterations in the snails’ fecundity Important changes in the fecundity $f octona
caused by exposure to the dg@f theS. paniculatunaqueous extracts were observed.
After the first exposure to this concentration, ®served reduction of 12%, 19% and
18% in fecundity among the snails exposed for 34,72 hoursP<0.05) (Figure 1).

After the second application of the f"there was also lower egg production
in the three exposure intervals in comparison ik control group being verified
reduction de 5%, 54% and 23% in 24, 48 and 72 hoespectively<0.05) (Figure
1). The same result was found after the third appbtn, with reduction of 33%, 28%
e 32% in fecundity of the snails exposed to theild® S. paniculatumn 24, 48 and
72 hours of observations, respectivéPyx(.05) (Figure 1).

The fecundity of the snails in the control groupreased with the exposure
intervals of 24, 48 hours and 72 houP(.03). However, the fecundity of the snails
exposed to the L{g of S. paniculatundid not increase significantly during exposure
of 24, 48 and 72 hour$%$0.05).

Alterations in the glucose content of the hemolymphhere was a reduction of the
glucose content reaching 79.5% after 72 hours gbsxre to theS. paniculatum
extract in relation to the control group. The redhrcin the glucose concentrations in
the hemolymph of the exposed snails was signifiedier the exposure times of 24
hours (t= 5.3P=0.02), 48 hours (t=5.4=0.04) and 72 hours (t=3.2=0.04). The
average glucose levels of the snails not exposed exposed to the Lfg of S.
paniculatumcan be seen in Figure 2.

Analysis of the young snails after exposure of tharents: There was no mortality
observed among the offspring of the unexposed simaithe period evaluated. The
mortality rates of the young snails from the grouwpgosed to the L& of S.
paniculatumfor 24, 28 and 72 hours were 16.7%, 13.3% and%3r@spectively,
with no significant difference observed in compamnido the offspring produced by
the control group (H=4.32R=0.5). The mortality percentage of the young srais
the groups with two and three successive applicataf the LGy of S. paniculatum
also did not differ from the control (H=4.#=0.49; H=8.19;P=0.15, respectively).
After the second application, the mortality was786.after 24 hours and 13.3% after
48 and 72 hours. After the third application, thertality rates were 13% and 20% for
the snails after 48 and 72 hours, while there veamartality after 24 hours.
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The time to reach maturity of the offspring of theexposed adults snails did
not vary with time (H=4.12P=0.85). However, the young snails obtained after th
second and third applications of the 5©f S. paniculatuntook significantly longer
to reach sexual maturity when exposed for 72 h@drss.33, P=0.02 and H=6.0,
P=0.007). Table 2 shows the average times to reahrity.

When the adults were exposed for 24 hours tdStheganiculatunextract, the
average number of young that reached maturity wpsfisantly less after exposure
of 24 hours (H=4.1P=0.04), 48 hours (H=4.4P=0,04) and 72 hours (H=4.4,
P=0.04). The same result was observed after thd Hpplication (24 hours: H=4.5,
P=0.05; 48 hours: H=3.42=0.04 and 72 hours: H=4.8=0.04). However, after the
second application, there was no statistical d¢fiee between the average number of
young snails that reached maturity when comparetthe¢ocontrol group (24 hours:
H=3.00,P=0.08; 48 hours: H=2.6%=0.1 and 72 hours: H=2.5P=0.12).

The young snails produced by the adults exposatied G, of the extract
reached sexual maturity with significantly largbek lengths than those produced by
adults that had not been exposed to the extraatd€13).

DISCUSSION

For a product to be used as a molluscicide, it shive effective at low doses,
inexpensive, biodegradable and nontoxic to hum&msgh, et al., 1996; Rao and
Singh, 2000). For control of water snails the WHTicates that the products used
should be effective at concentrations lower thad ppm (WHO, 1993), but no
indicated limits have been established for landilsn@herefore, in this study we
considered a maximum concentration up to 10% asldtimal concentration. It is
important to consider the differences between tlagewand land environments in
terms of exposure, diffusion of substances andrahiea by the target organisms.
Besides this, the behavioral strategies of landisnsuch as burying themselves
(Hyman, 1967), as well as physiological aspect sag estivation (Storey, 2002)
hinder the action of molluscicides. Also, the stdist can act as a barrier and reduce
the animals’ contact with the product.

The tendency for fecundity to increase during glowabserved in this study
was previously reported f@. octonaD’Avila and Bessa, 2005). According to these
authors, for this species there is a strong cdroglabetween increased size and
fecundity. When exposed to tl& paniculatumextract, the correlation between the
size and fecundity of the species was altered.

According to Thompson and Lee (1986), glycemianails is very precisely
regulated. The upsetting of glycemic homeostasanisdication of intoxication, and
has been observed in other study models (MelloaSi¥ al., 2010). Reduction in the
glucose levels in the hemolymph can reflect exhansif carbohydrate deposits, such
as those in the digestive gland and foot. Intoiocadf the snails by exposure to tGe
paniculatumextract leads to changes in the neuroendocrinis cesponsible for
regulating the animal's glycemia (light green ce[lsG]). The detoxification
processes consume high amounts of energy, resuitexhaustion of these deposits.

To, the use of these energy reserves for detoxicacan therefore explain
the reduction of fecundity observed in this stutliye results found demonstrate that
the extract causes physiological changes in théssnenpairing their fecundity
through an indirect castration process due to diwar of nutrients that would
otherwise be used for reproductive activity.
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Similar results were found for freshwater snBil glabrata to a Solanum
malacoxylumextract during the same intervals as in the prestudy caused a
reduction of the hemolymph glucose levels (Mellbs&i et al., 2006). The same
pattern was observed for this snail species expasedn extract ofEuphorbia
splendenssar. hislopii (Mello-Silva, et al., 2007; 2010). These authomodbund a
reduction of carbohydrate reserves among the egpgsals. Singh and Singh (2004)
also demonstrated a reduction in fecunditizymnaea acuminataossibly as a result
of diminished proteins, amino acids, DNA and RNAhe snails’ ovotestis.

Unlike the findings of the present study, Rao amiyls (2000) observed a
high mortality percentage of yourg fulica produced by snails exposed to the plant
extracts tested. However, those authors did notyamathe development of the
surviving young to permit comparisons with the tesabtained folS. octona

We did not find any works that have evaluated tfieces of molluscicidal
compounds on the offspring 8f octonaFerreira et al., (2009) assessed the effect of
caffeine and thymol on the survival and growth otiygS. octonaof different ages
and demonstrated reduced survival, but the autfidraot find changes in growth or
in time to reach maturity among the exposed snails.

The time to reach maturity of the offspring of egpd adults was longer than
100 days for all the exposure periods. Longer timsexual maturity implies shorter
reproductive life and thus smaller populations he future. The impaired use of
energy for reproduction, evidenced by the smallenioer of eggs per snail, implies a
greater energy investment in growth, as observedhbylarger shell size of these
animals. This phenomenon, called gigantism, has &ksen observed in snails
parasitized by trematode larvae. The opposite wasd in the present study for the
descendants of the unexposed snails.

The negative effects observed for both the aduith @escendants produced
after exposure can be attributed to the activeenignts present i§. paniculatum
We confirmed the presence of tannins and sapomicisrathis plant. The molluscidal
activity of these compounds was previously obsehagainst freshwater snails such
asBiompharia glabrataSay, 1818ulinus globosugMorelet, 1866) (Schaufelberger
and Hostettmann, 1983; Sukumaran, et al., 20021j8yaet al., 2010). Besides
lethality, the saponins present Yucca schidigeraRoezl. and Hedera helixLinné
inhibit the feeding of the land snaielix aspersa(Muller, 1774) (Mason, et al.,
1994).

According to Cunha and Roque (2005), a hemolytperty that disorganizes
the membrane can explain the biocidal activity agfanins. These authors suggested
that the high power of complexation with steroids de related to the antifungal
activity of this chemical group. Complexation beémetannins and proteins is
considered to be the base of their biological @gtifor control of pests (Neto and
Caetano, 2005).

The molluscicidal effect oSolanumspecies was verified oBiomphalaria
alexandrina(Ehrenberg, 1831) (Amer and Manal, 2004) at commagans similar to
those used in the present study. Silva et al., f@dted molluscicidal activity of
Solanum speciesn B. glabrata However, these authors did not observe activitg.o
paniculatum in the concentration utilized here. They also nwerdgd that the
glycoalkaloids present in these active speciesr@sponsible for the molluscicidal
action. Finally, Xavier et al., (2010) demonstratkdtS. lycocarpuntaused reduced
survival ofB. glabrataat concentrations of 5% and 2.5%.
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CONCLUSION
Present work is the first report of the effecterposure to the aqueous extractSof
paniculatumon the physiology o8. octonafocusing on the effects of this exposure
on the snail’'s energy metabolism. The results sti@wthis extract can be utilized to
control these animals, by reducing the hatchabdftyhe eggs laid by snails exposed
to the S. paniculatumextract, as well as increasing the time neces$arythe
offspring to reach maturity, indicating that thetragt has both spatial and temporal
action. Successive applications of the agueous@strof these plants can maintain
low population levels, preventing population imivedes.
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Figure- 1. Fecundity of Subulina octona expressed as mean number + standard deviation of
eggs/snail not exposed (control) and exposed to th€s,0f the Solanum paniculatum
extracts after 24, 48 and 72 hours of exposure, three successive applications. C24:
control for 24 hours; C48: control for 48 hours; C?2: control for 72 hours; E24:
shails exposed to the L& for 24 hours; E48: snails exposed for 48 hours an@72:
shails exposed for 72 hours.

«  “Small letters indicate difference between the metts; capital letters indicate difference betwten
applications
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Figure- 2: Glucose concentration, expressed in nd)/, mean and standard deviation (), on
hemolymph from individuals of Subulina octona non exposed (Control) and
individuals exposed to LGgof Solanum paniculatunfor 24, 48 e 72 h.

« 3BMeans followed by different letters representsistias difference.
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Table-1: Time to reach sexual maturity of the offspng of Subulina octonaproduced by
adult snails exposed to theSolanum paniculatumextracts for 24, 48 and 72

hours.
Applications
Exposure EP
time First Second Third
24 hours
Control 82.7+52? 85.0+11.8°2 88.0+0.6°
S. paniculatum 120.0+0.62 139 +0.4% 2 117 +19.8°
48 hours
Control 80.7+54? 85.7+11.8%| 85.0+11.8°
S. paniculatum 112.3+81.3°2 163.3+2.4°| 100.3+3.8°
72 hours
Control 81.3 +6,3% 85.0+11.8° 88.0+0.0'°
S. paniculatum 119+0.6° 139.0+0.6° 105.0 + 3.8 2
o A; B = indicate significant difference between theans in different treatments.
. a, b = indicate significant differences betweenrtigans in different applications.

Table- 2: Mean number of young snails produced bySubulina octona not exposed
(control) and exposed to theSolanum paniculatum extracts that reached

sexual maturity.

Exposure Applications
time First Second Third

24 hours

Control 10.0 +0.6° 6.3+2.4°2 10.0+0.6:2

S. paniculatum 6.3+0.6°° 40+33%° 35+1.4°?

48 hours

Control 10.0+0.0? 10.0+0.6:2 10.0+0.6:°

S. paniculatum 8.0 +0.0"? 40 + 0.8° 3.0+422

72 hours

Control 9.7+047° | 10.0+006°? 10.0+0.0°

S. paniculatum 1.7+1.P2 55+1.%8°" 3.0+4.%2
. A; B = indicate significant difference between theans in different treatments.
. a; b = indicate significant differences betweenrtteans in different applications.
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Table- 3: Shell length at sexual maturity, in mm, gpressed as mean + standard deviation,
of young Subulina octonasnails from the groups not exposed (control) and
exposed to the LG, of the aqueous extract oSolanum paniculatum.

Applications
Exposure
time First Second Third

24 hours

Control 9.9 +0.8? 9.9+0.8? 10.1+1.6°
S. paniculatum | 13.0 +2.£? 13.0 + 1.8* 11.6 + 1.8°
48 hours

Control 10.4 + 1.6° 10.1+0.6° 10.6 +1.6°
S. paniculatum 13.9+1.3° 13.3+1.3% 11.7 +1.5°
72 hours

Control 10.2+1,2° 10.2 + 1.9 10.3+ 1.0+
S. paniculatum 12.8 + 0.§2 13.9+ 1% 3.0+4722
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A; B = indicate significant difference between theans in different treatments.

a = indicate significant differences between themsen different applications.
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