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Abstract

The reproductive system of snails represents essential organ that affects snail population size. Therefore, the present
research was directed to evaluate the effect of two biopesticides chitosan (Ch) and emamectin benzoate (EMB)
LCso on the reproductive system of Fobania vermiculata (Muller). Land snails were treated using thin-film layer
technique. Snails were dissected and organs of reproductive system were weighted and examined for any
pathological changes at 24, 48 and 72 h post treatment. Moreover, steroidal hormones were determined after 72 h
of treatment with either chitosan or emamectin benzoate in comparison to untreated snails. Results revealed that
the penis and dart sac increased in size, while ovotestis was decreased at the 3 different periods than the same
organs of untreated snails. In addition, there was swelling in the size of some organs, i.e penis and vagina. While
there was stunting in the albumen gland at 72 h of treatment with Ch or EMB. However, histological examination
showed damage of the ovotestis and atrophy of induced cells in the dart sac and penis. The incidents of both
compounds on the level of steroidal hormones gave fluctuating results, either increasingly or decreasingly. In
conclusion, data emphasize that both tested compounds caused reduction in the numerical density of the E.
vermiculata reproductive system and consequently decreased their fertility, as well as reduction in its population.
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Background

Terrestrial gastropods form the most important threats
of sustainable agriculture in many parts of the world
(Barker, 2002). Moreover, they play an important role in
transmitting and spreading diseases to cultivated plants
(Godan, 1983). However, growers and farmers have
often experienced difficulty in controlling land gastro-
pods with conventional molluscicides and need to use
non-conventional methods (Schuder et al., 2003). Land
snail, Eobania vermiculata (Muller), is the most wide-
spread snail species in the agricultural field and orchards
in Egypt (El-Sayed, 2013). Avermectins, a group of 16-
membered macrocyclic lactones, are fermentation
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products from Streptomyces avermitilis, a naturally occur-
ring soil actinomycete. (Pitterna et al., 2009). Emamectin
benzoate (EMB) is a novel macrocyclic lactone insecticide
derived from the avermectin family with the substitution
of an epi-methyl amino (-NHCH3) group for a hydroxyl
(-OH) group at the 4 —position on the disaccharide and
is produced as benzoate salt insecticide. Chitosan (Ch) is
derived by deacetylation of chitin, the second most abun-
dant natural biopolymer, which is the major component
of protective cuticles of various crustaceans like crabs,
shrimps, prawns, lobsters and cell walls of some fungi
such as Aspergillus and Mucor (Kubota and Equchi, 1997).
Ch is cheap, biodegradable and nontoxic to mammals. Ch
as an inhibitor of chitin synthesis by inhibition of choles-
terol building and inhibitor of oocyte wall formation or
egg formation of nematodes (Wang et al, 2005). Both
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compounds are nontraditional control agents and could
be used to combat land snails.

Therefore, the main objective of this study was to
evaluate the effect of both compounds (Ch and EMB) on
the sexual hormonal disruption in E. vermiculata as well
as examine their anatomical, histopathological impact on
the reproductive system (hermaphrodite) and egg
production.

Materials and methods
Tested pesticides

(a) Emamectin benzoate
Common name: Emamectin benzoate
Molecular formula: C56HgiNO;5 (B1,); C55H70NOq5
(B1b)
Chemical name: (4" 'R)-5-O-demethyl-4""-deoxy-4’
'-(methylamino) avermectin A, + (4" 'R)-5-O-
demethyl-25-de(1-methylpropyl)-4"'-deoxy-4"
'-(methylamino)-25-(1-methylethyl) avermectin A;,
(9:1); 4" '-deoxy-4"’'-(methylamino) avermectin Bl
Source: Technical grade active ingredient was
supplied by Syngenta company and formulated
(Proact EC) were supplied by Agrochem 5%

(b) Common name: Chitosan
Molecular formula: (C¢H;1NOy),
Chemical name: (1,4)-2-Amino-2-desoxy-beta-D-
glucan
Source: Technical grade active ingredient was
supplied by Royal Company for Agricultural
Development Chemical Compounds. Egypt
(chitosole selanole EC) were supplied by Agrochem
50%.

Experimental snails

Adults of the chocolate-band snail, Eobania vermiculata
(Miiller) were collected from untreated orchards of Is-
mailia Governorate, Egypt and transferred to the labora-
tory. Snails were placed in plastic boxes (55 x 65cm ),
covered with cloth netting and maintained under labora-
tory conditions of 27 °C and 80% RH. Animals were daily
fed on lettuce leaves and kept to be acclimatized for 2
weeks. Dead snails were immediately removed (Singh
and Singh, 2000).

Bioassay

Serial concentrations of each compound were diluted by
water. Two milliliters of water for each Ch concentration
(25, 50, 75, 100, 125 and 150 ppm) and EMB concentra-
tion (75, 100, 125, 150, 175 and 200 ppm) was spread on
the inner surface of a Petri-dish (9 cm diameter), which
was gently moved in circles. Water evaporated under
room conditions in few minutes leaving a thin-layer film
of each compound on the surface of the Petri dish. Land
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snails, E. vermiculata were exposed to LCsq of the 2
tested compounds chitosan (Ch) and emamectin (EMB)
by using the thin-layer film, according to Asher and Mir-
ian (1981). For 72 h, mortality rate was recorded and
corrected according to Abbotts’ formula (1925). LCsq
values were estimated and the toxicity lines were drawn
according to Finney (1971).

Anatomical studies

The weight of the organs of reproductive system studies
The snails of the treatment that survived were anesthe-
tized by 1% solution of chloral hydrate for 12 h. Organs
of the genital system were removed and weighted. Ob-
servations of organ features for treated individuals com-
pared to the untreated ones were described, using a
binocular stereoscope, according to Vauflery and Ker-
hoas (2000) with slight modification.

Histopathological studies

The histopathological effects of Ch and EMB on the
ovotestis, albumen gland, penis and dart sac of treated E.
vermiculata were observed and described as compared
to the same organ of untreated snails. The method was
done according to Banchroft et al. (1996).

Steroidal hormone determination

Animals treated with LCs, of each compound were
subjected to the determination of the level of some
sex hormones, ie. testosterone, progesterone and es-
trogen steroidal hormones. Determination was carried
out at 3 intervals (24, 48 and 72h). Hemolymph was
collected from untreated and treated snails according
to the method described by Dubhomcom (1998) with
some modifications. The steroid hormones were
quantitatively determined, using enzyme immunoassay
ELISA Kit and micro titer ELISA reader (Expert plus
V2.0, CB4OF]J, Biochrom Ltd, Cambridge, UK) at the
Hormonal Unit Biochemistry Department, Animal
Health Research Institute, Dokki, Giza. Testosterone
(T), progesterone (P) and estrogen (E) were deter-
mined, using enzyme immunoassay ELISA Kit (Immu-
nospec Corportion, USA), Cat. No. B115, No. B113
and No. B111, respectively.

Statistical analysis

Data were analyzed using SPSS v 25.0 (SPSS for Win-
dows, SPSS Inc., Chicago, IL). One-way analysis of vari-
ance (ANOVA) was applied, and Duncan test was used
to compare means to know the most potent formula at
the significant level of p < 0.05 (SPSS, 2017).
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Results and discussion

Effects of tested biopesticides on Eobania vermiculata
using the residual film technique

The molluscicidal activity of EMB and Ch against E. ver-
miculata was determined under laboratory conditions.
LCs, value of Ch to E. vermiculata was lower than that
of EMB (Table 1). The results showed that Ch exhibited
2-fold molluscicidal potency than EMB. Ch was more ef-
fective than EMB against E. vermiculata. The mollusci-
cidal activity of Ch was higher than that of EMB and
may be due to the mechanism of chitosan in reducing
cholesterol. Previous studies mentioned that chitosan
acted as a weak anion exchange resin and reduced chol-
esterol by causing a depletion in its absorption in the
small intestine and enhanced bile acid excretion (Liu
et al., 2008). This was in agreement with He et al. (2008)
who showed that in obese albino male rats, chitosan had
an impact on fertility. In addition, it was revealed that
chitosan could put off the atherogenic process, associ-
ated with hyperlipidemia, by reducing blood cholesterol
level. Chitosan increased testicular weight and decreased
the lipid content due to the ability of interacting with
the cell membrane. However, the mechanism of action
of EMB associated with the effect on the §-aminobutyric
acid (GABA) receptors and open chloride channels of
animal cells result to hyperpolarization (Maioli et al,
2013). Moreover, Ma and Li (2011) suggested that Aba-
mectin had a lethal toxic action on the freshwater snails,
Physa acuta.

Influence on the weight of the organs of the reproductive
system

Data in Table 2 showed that the weight of the reproduct-
ive organs of snails treated with LCsy of Ch and EMB
using thin-layer film technique compared to untreated
snails. The ovotestis was highly sensitive recording a
high decrease in post treatment weight. The weight of
ovotestis was decreased to 6.3, 50.8 and 96.3% after 24,
48 and 72h, respectively, when treated with Ch. For
snails treated with EMB, their ovotestis organ was de-
creased to 76.8, 40.7 and 0.05% after 3 tested periods, re-
spectively. The same trend occurred with the albumen
gland, whereas it decreased to 60.2, 96.4 and 65.3% in
the case of Ch treatment and decreased to 60.8, 30.6 and
25% in the case of EMB after 24, 48 and 72 h, respect-
ively. Besides, the dart sac and penis weights were

Table 1 LCy, values of chitosan and emamectin benzoate
against Eobania vermiculata using thin film technique

Compounds LCs Confidence limits 95%  Slope + SE
(Ppm) Lower Upper

Chitosan 68.8 62.943 74.987 23677 £0.3099

Emamectin benzoate 120.127 10134 138599 6.3459 + 04633
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increased after treatments with both the tested com-
pounds. They were increased to 39.7, 644.0 and 975.2 %
and 260.2, 522.3 and 731.4% in case of the Ch and EMB
treatments, respectively, after 3 tested periods. From the
previous results, the decrease in weight of ovotestis or
hermaphrodite gland may be due to the inhibition of
some processes and deformities within these organs.
Also, the increasing size in the dart sac and penis may
be reflected to an inflammatory reaction. Obtained re-
sults are in agreement with Wijdenes et al. (1983) who
stated that the function of the hermaphrodite gland
which acts as a reservoir for sperm and ovaries and re-
sponsible for egg formation. Also, it was possible that
the endocrine stimulation of the gonad was affected
(Berset de Vaufleury et al, 1986). In addition, the ana-
tomic alterations showed the absence of secretion of
polysaccharide by albumen gland, galactogen being the
main component of the albumen gland during the phase
of reproduction (Nieland and Goudsmid 1969).

The same type of regulation also existed for the ovi-
duct, the ovotestis diminished in weight after exposure
to pesticides (Bride and Gomot 1988). This information
showed how the study of various aspects of reproduction
(mating, laying and weight of the reproductive organs)
can bring complementary elements of information on
the modes of action of candidate compounds (Russell
et al.,, 1981). However, Watanabe et al. (1985) revealed
that M. edulis exposed to molinate, thiobencarb, (chloro-
nitrofen) CNP and chromethoxinyl, under laboratory
conditions accumulated the pesticide residues at high
levels in the gonad and midgut gland, which was much
higher in lipid content than those in the gill and other
organs. Gunkel and Streit (1980) indicated that atrazine
was rapidly accumulated in the liver, brain, gill, intestine
and gallbladder of the bivalve Coregonus fera, in labora-
tory experiments, and investigated that high accumula-
tion rates occur in organs of bivalve that have a highly
blood circulation (e.g., liver, brain, gill, intestine). Since
the blood circulation of the fresh water snails is an open
blood vascular system. Reinecke et al. (1999) found that
the prolonged contamination (7 to 10weeks) at low
levels (200 and 400 ug Cd g™* food) completely inhibited
the development of the hermaphrodite gland and pre-
vented the formation or laying of eggs. It is possible to
use the development of the genital tract and mainly of
the hermaphrodite gland, as the marker of endocrine
disturbances. As bioindicators of Cd toxicity, snails are
the most sensitive (total inhibition of reproduction at
concentrations of 200 and 400 ug g™).

Pathological changes of the reproductive system

The basic structure of the reproductive system of snails
was described by Siddiqi and Aurangzeb (1984). It con-
sists of hermaphrodite or ovotestis, into the genital
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Table 2 Mean weights LCs, of chitosan or emamectin benzoate of the reproductive system organs of Fobania vermiculata using the

residual film technique

Group Tested Mean weight genital tract organs (fresh tissues in g)
periods (h) Ovotestis Albumen gland Dart sac Penis
Mean + SD Mean £ SD Mean £ SD Mean £ SD
Control 0 0.0377 +£0.00497 0.2657 £ 0.0591 0.0109 +0.00370 0.0155 £ 0.00304
Chitosan 24 0.0240 + 0.00707 0.1599 £ 0.107 0.0433 £0.0078 0.0428 +0.0215
48 0.0191 £ 0.0095 0.0256 £ 0.0162 0.0702 £ 0.0072 0.0598 +0.0270
72 0.0036 + 0.00105 0.0173 £0.0709 0.106 +0.0423 0.1484 + 0.0869
Emamectin 24 0.0289 + 0.00967 0.161 £0.0650 0.0283 +0.0083 0.0951 + 0.0065
48 0.0153£0.00361 0.0815+0.0157 0.0569 +0.0238 0.1128+0.0125
72 0.00203 £ 0.000709 . 0.0645 £ 0.0199 0.0797 £0.0141 0204 +0.073
p value 0.000 0.001 0.001 0.002
F value 9.867 5.368 12512 11.878

The mean of each organ from the genital organs showed a significant difference than in control in all the treatments of the two bioagent control (p value < 0.05)

atrium comes the penis, then the vagina and pass down
to the common hermaphrodite duct then the albumen
gland. The teratogenic effect of Ch on the reproductive
system of E. vermiculata was shown in Fig. 1. Observed
is the swelling incidence in the size of genital organs
compared to that of the control. Also, a severe swelling
in the sizes of the penis, vagina, dart sac; besides, stunt-
ing in the albumen gland and tumor in the free oviduct
were shown but the sperm oviduct appeared normal.
The malformation effect of EMB on the reproductive
system of E. vermiculata was elucidated in Fig. 2. It can
be seen as mild swelling in the penis, vagina and dart
sac, in addition to stunting and rupture in the albumen
gland. On the contrary, free oviduct and sperm oviduct
were unaffected. Moreover, several pathological impacts
of Ch on treated snails were observed such as swelling
in the acini of ovotestis and eggs’ disappearance. In the
case of the EMB treatment, a rupture and swelling in the

acini of ovotestis were observed. This action may be
caused by the reduction in the level of protein in the
ovotestis or to stunting in the albumen gland as it is re-
sponsible for egg formation. Mobarak (2016) studied the
effect of chlorfluazuron on the reproductive system of
snails compared to the untreated animals. The com-
pound caused severe swelling of the penis, vagina, sperm
oviduct, and albumen gland, and in the ovotestis but the
eggs were absent. Srivastava and Singh (2015) also found
that the LCsq of clove plant extract (Syzygium aromati-
cum) on the fresh water snail Lymnaea acuminate
caused significant reduction in free amino acid, protein,
DNA and RNA in the ovotestis of snail, L. acuminate
after 24 h post treatment..

Histopathological effect
The histopathological findings of the genital organs of
treated E. vermiculata with LCsy of Ch or EMB as
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Mucus gland

Free oviduct
Vas deferens

Albumen gland

Fig. 1 Reproductive system of land snail, Eobania vermiculata treated with chitosan.
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Fig. 2 Reproductive system of land snail, Fobania vermiculata treated with Emamectin benzoate
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compared to untreated ones are shown in Figs.3, 4
and 5. In the case of the ovotestis, normal histological
structure of the ovarian of untreated snails was shown
in Fig.3. In the treated snails with Ch, necrobiotic
change was detected in the ova and some follicles as
shown in Fig.4. Concerning EMB, it was noticed that
there was no histopathological alteration in the ovar-
ian structure in Fig.5. Histopathological examination
of the sperm sac showed that treatment with Ch or
EMB caused reduction in the spermatozoa concentra-
tion in the degenerated sac compared to the un-
treated snails. In the other side, the histopathological
changes in the albumen gland of treated animals with
Ch were induced vacuolar degeneration, necrosis and
diffuse manner all over the cellular component. EMB
treatments caused vacuolar degeneration with nuclear

pyknosis in the cellular component. Otherwise,
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Fig. 3 Ovotestis of Fobania vermiculata gp untreated snail (I-1)

histopathological effect of the penis showed desquam-
ation in the lining of degenerated epithelium cells in
focal manner at Ch treatments; however, EMB caused
atrophy in the surrounding stroma, while the lining
of the epithelium showed necrosis and desquamation.
The histopathological studies in the lining of the epi-
thelium of snails’ dart sac showed vacuolization and
hypertrophy by Ch treatment, but EMB caused hyper-
trophy and hyperplasia compared to the untreated
snails. These results are in agreement with Zhou
et al. (1993) who recorded that the decrease in the
number of spermatozoa along with their degeneration
and also reduction in acini numbers for the snail,
Biomphalaria glabrata treated with niclosamide and

Fig. 4 Ovotestis of Fobania vermiculata treated snail with chitosan
LCso using the thin film technique
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Fig. 5 Ovotestis of Eobania vermiculata treated with emamectin
benzoate LCsq using the thin film technique

extracts of Eucalyptus camaldulensis. The results are
also in accordance with those obtained by Amaeze
et al. (2011) who observed necrosis in the tissues of
genital organs of the land snail, Archachatina margin-
ata when exposed to a high dose of NPK balanced
fertilizers. Parvate and Thayil (2017) stated that the
snails exposed to 20% of LDs, from clove oil after 24
h showed mild degenerative changes in the sperms
along with a reduction in sperm density within the
acini of ovotestis, while severe degeneration of sperms
was observed in snails treated with 60% of the LDs
after 24 h along with necrosis of sertoli cells at inter-
cellular level.

Effect of the tested compounds on steroidal level
hormones

Data in Table 3 showed the level of steroidal hormones
in the hemolymph of the land snail, E. vermiculata after
24, 48 and 72 h post treatment with Ch LCso. The levels
of testosterone, progesterone and estradiol hormones
were reduced to 75, 72 and 80% than those of the un-
treated snails, after 24h of treatment, respectively.

Page 6 of 8

However, a significant increase to 120, 250 and 160 %
occurred after 48 h, respectively. Fluctuated data were re-
corded after 72 h, in which testosterone and progesterone
levels were decreased to 112 and 150%, respectively com-
pared to the control. In contrast, estradiol hormone in-
creased to 200%. In the case of EMB, significant increase
was recorded for the levels of testosterone, progesterone
and estradiol hormones after 24 h. The same result oc-
curred after 48 and 72 h; it gave 150, 216 and 240%, and
100, 134.8 and 200%, respectively. Finally, Ch and EMB
caused a hormonal disruption as they interfere with the
endocrine biosynthetic pathway causing non forming eggs
in the ovotestis. The fluctuation in the steroidal level hor-
mones increased or decreased due to the harmful effect of
the 2 compounds on the site, which produced these hor-
mones. Consequently, the reproduction and egg laying
were affected. The endocrine systems of invertebrates gen-
erally regulate the same processes that are found in verte-
brates such as development, growth and reproduction
(Oehlmann and Schulte-Oehlmann 2003). The results
agree with Oehlmann et al. (1996) who recorded an in-
crease in the testosterone concentrations in Mucella labil-
lus after exposure to organic compounds. The biocide
tributyltin exposure induced imposex and elevated
immuno-detectable testosterone levels in the mud snail
(Bettin et al. 1996). Therefore, it is likely that previous re-
ports of increased testosterone levels with TBT exposure
actually reflected the increases in ratio of free levels to es-
terify the testosterone (Addo et al. 1989). These observa-
tions were consistent with the hypothesis that TBT
interferes with the storage of testosterone as fatty acid es-
ters (Mensink et al., 2002). The fatty acid esterification of
testosterone increased the lipophilicity of the testosterone
molecule and presumably facilitated its storage in lipoidal
matrices, while reducing its bioactivity, bioavailability and

Table 3 Effect of LCsq of chitosan and emamectin on the level of sex steroidal hormones of Eobania vermiculata using a thin-layer

film technique

Group Duration Estradiol Progesterone Testosterone (ng/ml)
" (pg/ml) (ng/mi)
Mean = SD Mean £ SD Mean = SD
Control 0 5.0000 £ 0.21000 0.2500 + 0.04000 0.04000 + 0.001000
Chitosan 24 4.0000 + 0.13000 0.1800 + 0.03000 0.002000 + 0.03000
48 8.0000 + 0.044000 0.3000 + 0.07000 0.10000 + 0.010000
72 10.0000 £ 0.56000 0.2800 + 0.05000 0.06000 + 0.004000
Emamectin 24 10.0000 + 0.34000 04467 £0.10116 0.11000 + 0.010000
48 12.0000 + 74000 0.540 = 0.0600 0.004000 + 0.06000
72 10.0000 + 0.88000 0.3367 £ 0.04041 0.04000 + 0.001000
p value - 0.000 0.000 0.000
F value 90.238 12415 84.454

The mean of each hormone from the steroidal hormones showed a significant difference than that of the control in all the treatments of the two compounds

during different intervals (p value < 0.05)
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susceptibility to elimination processes (Borg et al. 1995).
The results also agree with Ofem et al. (2014) who sug-
gested that leaves’ extract of Viscum album contain potent
agents with potentials to increase serum testosterone con-
centrations. The increase in testosterone levels may be
due to some potent agents in the extract that stimulated
the synthesis and subsequent release of these hormones in
the anterior pituitary gland and ovary or probably pro-
moted the cholesterol catabolism.

El-Emam et al. (2017) found that exposure of Biomph-
laria alexandrina to methanol extract of Cerea citrinus
and Zingus officinale, while 17[-estradiol was elevated
compared to the control group. The latter mechanism is
based on complete or partial blocking of the specific re-
ceptor. Regarding the estrogen receptor, this mechanism
was only applied when the endocrine disruptor concen-
tration was high, because the affinity of endocrine dis-
ruptors for the estrogen receptor was usually many
times lower than that of 17-beta-estradiol (Schettler
et al. 2003).

Conclusion

The results illustrated that the 2 tested bio-compounds,
Ch and EMB exhibited changes in the weight of repro-
ductive organs of the land snail, E. vermiculata. Both
compounds induced malformation in the reproductive
system and accompanied with fluctuation in the levels of
endocrine hormones (either increased or decreased) by
preventing the egg production in snails. Therefore, this
effect should alter the population number of snails in
the crops to a level less than the economic injury level.
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lethal concentration; P: Progesterone; T: Testosterone
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