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Abstract: In the present study when the egg masses of Lymnaea stagnalis showing different developmental stages were introduced 
with the sub lethal concentrations of baygon and nuvan from cleavage to before hatching stages exhibited the development arrest in 
most of the egg capsules due to deviation in protein fractions in the corresponding development stages in comparison to control 
groups resulted into high percentage of mortality and low percentage of hatchability in treated groups. Another potent cause of low 
percentage of hatchability of young snails from their corresponding egg capsules was the phenomenon of polyembryony in nuvan 
treated egg masses which showed the high rate of mortality due to the lack of metabolites for their progressive development in 
comparison to control groups. Teratogenesis and deformities in larval stages were also observed in most of the egg capsules which 
could be correlated with the depletion of most of the protein fractions in the present investigation.  
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Introduction 
 

The morphological and biochemical studies on the 
different developmental stages of freshwater snail Lymnaea 
stagnalis treated with pesticides is very scanty and some 
research work has been done in some gastropods e.g. in 
Lymnaea acuminata  (Singh and Agarwal, 1996), in Pacific 
oyster Crassostrea gigas (Li-Qi et al., 1998), in some snails 
(Goel, 1999) and reported that due to the intoxication of 
pesticides most of the developmental stages showed the 
gradual decline not only in the number of protein fractions but 
also showed gradual decline in the intensities of some protein 
fractions as reported by Gupta and Bhide (2001, 2004) in 
Lymnaea stagnalis after nuvan treatment.  
 

 Though the literature concerning the arrest of 
development at any stage and malformation induced by 
intoxication of pesticides in gastropods is very scanty and has 
been reported only by Gupta and Bhide (2001, 2004) and 
Bhide et al. (2004) so this investigation was intended to know 
more about the toxicity of pesticides baygon and nuvan in the 
pestiferous freshwater snails Lymnaea stagnalis and to 
correlate the morphological malformation or teratogenic data 
with the deviation in protein profiles by “paper electrophoresis” 
which is the integral part of the present investigation. 

 

Materials and Methods 
 

Procurement of snails Lymnaea stagnalis and rearing them 
for obtaining the egg masses for morphological and 
biochemical studies of different developmental stages: 
Sexually mature adult specimens of Lymnaea stagnalis of 
approximately same size and weight were collected from the 
botanical ponds of Sagar University and were acclimatized for 
10 days on normal laboratory conditions in 5 l glass troughs. 

They were fed regularly with aquatic vegetation e.g. Hydrilla to 
avoid the stress of starvation and the egg masses laid by these 
snails were introduced to different concentrations of baygon (2-
isopropoxyphenyl methyl carbamate) 0.5% (Bayger India Ltd. 
Kolshet Road, Thane, Maharashtra) and nuvan (0.0-dimethyl 0-
2.2-dichlorovinyl phosphate), 75% (Hindustan Ciba Geigy Ltd. 
14 J. Tata Road, Bombay) separately in glass Petri-dishes with 
50 ml capacity in triplicate and calculated the mortality and 
lethal concentration values for baygon (0.4% LC100, 0.21% LC50, 
0.12% LC0 and 0.1% sub lethal concentration) and for nuvan 
(0.25% LC100, 0.12% LC50, 0.06% LC0 and 0.055% sub lethal 
concentration). The LC50 value was calculated by Probit 
analysis method adapted after Finney (1971). The sub lethal 
concentrations of these pesticides were used for the 
experimental purposes while untreated egg masses (in 
triplicate) exhibited different developmental stages used as 
control and were developed in pond water. Egg masses 
containing about 50 egg capsules were used for each 
developmental stage of control and experimental groups. For 
morphological studies (Table 1 and 2) the egg masses of control 
and experimental groups were developed, preserved in 
commercial formalin and were exhibited by photographs (Fig.1 
to 4). For the biochemical studies e.g. “detection of negatively 
charged protein fractions” the egg masses of control and 
experimental groups exhibiting different developmental stages 
were processed as follows:- 
 

Preparation of protein samples of different developmental 
stages of control and treated groups: The egg masses 
exhibiting different developmental stages e.g. cleavage, 
blastula, gastrula, trochophore larval stage, veliger larval stage 
and young snails prior to hatching stage were processed for the 
extraction  of  protein  samples   by  the   method  adapted  after  
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Fig. 1:  Photograph of egg capsule of Lymnaea stagnalis treated with sub lethal concentration of baygon showing development arrest at 
trochophore larval stage(X 100). 

Fig. 2:  Photograph of egg capsule of Lymnaea stagnalis treated with sub lethal concentration of baygon showing deformities and fusion of two 
embryos at veliger larval stage (X 100). 

Fig. 3:  Photograph of two egg capsules of Lymnaea stagnalis treated with sub lethal concentration of nuvan showing polyembryony  (X 100). 
Fig. 4:  Photograph of egg capsule of Lymnaea stagnalis treated with sub lethal concentration of nuvan  showing deformities in young snails in 

before hatching stage (X 100). 

 
Table – 1: Effect of baygon on developmental period of different developmental stages, mortality and survivality of young snails in 

Lymnaea stagnalis. 
  

Concentration 
of  baygon 

No. of 
egg 
capsules 

Percentage 
mortality in 
young 
snails at 
the time of 
hatching 

Cleavage 
period 

Blastula 
period 

Gastrula 
period 

Trochophore 
larval 
period 

Veliger 
larval 
period 

Young 
larval 
period 

Percentage 
survivality 
of  young 
snails after 
hatching 

No trace of 
any pesticide 
(Control group) 

50 Nil  42+3 49+4 36+2 50+4 50+4 46+2 100  

0.1% 
(Sub lethal 
concentration) 

50 Nil  43+2 51+2 38+3 54+2 55+2 50+1 100  

0.21 % 
(LC50) 

50 50  45+2 53+1.5 40+2 56+2 59+2 55+2 50  

0.4 % 
(LC100) 

50 100 48+2 56+2 43+2 61+2 62+1.5 59+2 Nil  

Note: Where period is measured in hr to complete the different corresponding developmental stages. 
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Table – 2: Effect of nuvan on developmental period of different developmental stages, mortality and survivality of young snails in 

Lymnaea stagnalis. 
 

Concentration 
of nuvan 

No. of 
egg 
capsules 

Percentage 
mortality 
of young 
snails at the 
time of 
hatching 

Cleavage 
period 

Blastula 
period 

Gastrula 
period 

Trochophore 
larval period 

Veliger 
larval 
period 

Young 
larval 
period 

Percentage 
survivality 
of young 
snails after 
hatching 

No trace of any 
pesticide 
(Control group) 

50 Nil  42+3 49+4 36+2 50+4 50+4 46+2 100  

0.055 % 
(Sub lethal 
concentration) 

50 Nil   44+2 52+2 39+2 55+2 56+3.5 50+3 100  

0.12 % 
(LC50) 

50 50   50+2 54+2 40+2 58+2 59+2 52+1 50   

0.25 % 
(LC100) 

50 100   54+3 56+2 42+2 60+2 60+2 58+2 Nil   

Note: Where period is measured in hr to complete the different corresponding developmental stages. 
 
Jairaman (1986). The samples were applied in the form of 
streak on the 1cm. width x 39 cm. long Whatman no.1 
chromatography paper strips presoaked in 8.6 pH borate 
buffer. Six samples were applied at a time. 
 

Electrophoresis of extracted samples: Samples were 
processed by the method supplied in the manual of Systronics 
Co. Ltd. Ahmedabad. 
 

Staining of paper strips for the detection of protein 
fractions: Mercuric bromophenol blue staining method was 
used for the detection of protein bands on the already 
electrophoresis strips after clearing the background with 1% 
acetic acid solution and fix the bands in methanol. 
 

 The data on the number and intensities of protein 
fractions was detected out by densitometer (Systronics Co. Ltd. 
Ahmedabad) and summarized in the form of 
electrophoretograms no. 1- 2 and analyzed in Table 3 and 4.   

 

Results 
 

Morphological observations: The data on the morphological 
observations e.g. different developmental periods, percentage 
mortality and survivality of young snails before and after 
hatching in Lymnaea stagnalis was recorded and summarized 
in Table 1 and 2. Most of the egg capsules showed 
development arrest at any stage and both the larval stages 
were more susceptible and also showing teratogenesis due to 
the pesticide toxicity. The young snail hatchability percentage 
was very low with high percentage of mortality in nuvan 
treatment in comparison to baygon (Fig.1 to 4) while control 
group exhibited the normal development with very low 
percentage of mortality and high percentage of hatchability. 
Polyembryony was the peculiar feature in Lymnaea stagnalis in 
nuvan treated groups which was one of the most potent causes 
of low percentage of hatchability of young snails from their 
corresponding egg capsules due to the lack of metabolites and 

availability of very reduced space for the development in the 
next consecutive stages most of the embryos became 
degenerated and destroyed in nuvan treatment (Fig.3 and 4).  
 

Biochemical observations: The egg capsules exhibited 
different developmental stages were processed for the detection 
of negatively charged protein fractions in control and 
experimental groups was recorded in electrophoretograms 1 
and 2 and analyzed in Table 3 and 4.  
 

Discussion 
 

 Lymnaea stagnalis, pest of aquatic vegetations and 
intermediate host in the life history of a large number of 
trematodes is also a well known prolific breeder showing the 
high rate of fertility in natural environment. The egg masses of 
the same snail when introduced with different concentrations of 
pesticides baygon and nuvan exhibited development arrest in 
most of the egg capsules due to pesticide intoxication. The 
percentage of mortality and survivity was time and concentration 
dependent and 100% mortality with nil percentage of 
hatchability was noticed at LC100 concentrations of both the 
pesticides in the present investigation as also reported by Gupta 
and Bhide (2001, 2004) in Lymnaea stagnalis after treated the 
larval stages with pesticide nuvan. 
 

The biochemical studies have been based on the 
detection of negatively charged protein fractions by 
electrophoresis is the integrated part of the present 
investigation. In control the successive development stages 
showed the gradual increase in the protein fractions indicated 
the progressive development of corresponding snails (Goel, 
1999) but due to the intoxication of the pesticides most of the 
developmental  stages  showed  the  gradual  decline not only in 
the number of protein fractions but also showed gradual decline 
in the intensities of some of the protein fractions as reported by 
Gupta   and   Bhide  (2001,  2004)  in   Lymnaea  stagnalis  after 
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Electrphoretogram 1: Showing detection of negatively charged protein fractions in the control and treated egg masses of Lymnaea 
stagnalis at different developmental stages after baygon treatment. 
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Electrphoretogram 2: Showing detection of negatively charged protein fractions in the control and treated egg masses of Lymnaea 
stagnalis at different developmental stages after nuvan treatment. 

 
nuvan treatment. The alterations in the number of protein 
fractions were due to partial or total arrest in the transcription of 
mRNA and ultimately affecting the translation and that is why 
specific fractions were missing in the corresponding developing 
stages as observed in both trochophore and veliger larval 
stages and prior to hatching in Lymnaea stagnalis proved the 
larvicidal nature of the pesticide nuvan (Gupta and Bhide, 
2001) as reported in the same developmental stages in the 

present investigation. Li-Qi et al. (1998) reported the kinetic 
profiles of vitelline degradation, protease activity and free amino 
acids in the embryo and larvae of the Pacific oyster Crassostrea 
gigas and have been investigated during the period from the 
unfertilized egg through the 48 hr old straight hinge larva. 
Immunoblotting method using antivitellin showed that two major 
bands (179 and 110 KD) and several faint bands detected in the 
unfertilized  egg  became  weak  at the  trochophore  stage  and  
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Table – 3: Detection of negatively charged protein fractions in the control and treated egg masses of Lymnaea stagnalis at different 
developmental stages after treatment with baygon. 

 

S.No. Different 
developmental stages 

Groups of 
egg masses 

Intensities of -vely charged protein fractions 

1. Cleavage   9. P.F. 
  Control No. 5 H.I. 
   No. 1,4 & 9 V.L.I. 

  No. 2, 3, 6, 7, 8  L.I. 
  9. P.F. 

 
 

 Treated No. 6                                                           H.I. 
   No. 2 & 4      V.L.I. 
   No. 1, 3, 5, 7      V.V.L.I. 
   No. 8 & 9      T.A. 
     
2. Blastula  7. P.F. 
  Control No. 2 & 5        V.V.H.I. 
   No. 4        V.H.I. 
   No. 1, 3, 6 & 7        V.V.L.I. 
     
   8. P.F. 
  Treated No. 4        H.I. 
   No. 1 & 7         L.I. 
   No. 2 & 6         V.L.I. 
   No. 3 & 5         V.V.L.I. 
3. Gastrula  9. P.F. 
  Control No. 3         L.I. 
   No. 6 & 8         V.L.I. 
   No. 1, 2, 4, 5, 7 & 9         V.V.L.I. 
   10. P.F. 
  Treated No. 7          H.I. 
   No. 1          L.I. 
   No. 2, 8  & 9          V.L.I. 
   No. 3, 4, 5, 6  & 10          V.V.L.I. 
4. Trochophore  8. P.F. 
  Control No. 4 & 7        V.L.I. 
   No. 1, 2, 3, 5, 6 & 8        V.V.L.I. 
   5. P.F. 
  Treated No. 3, 4 & 5         L.I. 
   No. 1         V.L.I. 
   No. 2         V.V.L.I. 
   No. 6, 7 & 8         T.A. 
     
5. Veliger  7. P.F. 
  Control No. 5                                                              H.I.  
   No. 1         V.L.I. 
   No. 2, 3, 4, 6  & 7         V.V.L.I. 
   10. P.F. 
  Treated No. 7        H.I. 
   No. 1, 4 & 6        L.I. 
   No. 2, 3, 5, 8, 9 & 10        V.V.L.I. 
6. Prior to hatching  7 P. F.  
  Control No. 1, 2, 3 & 7        V.L.I. 
   No. 4, 5 & 6        V.V.L.I. 

     
   11. P.F. 
  Treated No. 2, 4 & 8      L.I. 
   No. 3      V.L.I. 
   No. 1,5,6,7,9,10 & 11      V.V.L.I. 

Note:  H.-High, I.- Intensity, L. - Low, P.F.- Protein fraction(s), T.A.- Totally absent, V.H. - Very high, V.L. - Very low, V.V.L.- Very very low. 



Bhide et al. 364 

Table – 4: Detection of negatively charged protein fractions in the control and treated egg masses of Lymnaea stagnalis at different 
development stages after treatment with nuvan.  

 

S.No. Different developmental 
stages 

Groups of egg 
masses 

Intensities of -vely charged protein fractions 

1. Cleavage  9. P.F.  
  Control No. 5 H.I.  
   No. 1,4 & 9  V.L.I. 

  No. 2, 3, 6, 7, 8 L.I. 
  9. P.F. 

 
 

 Treated  No. 2                                                              V.H.I. 
    No. 3 H.I. 
   No. 5 & 6 V.L.I. 
   No. 1 & 4 V.V.L.I. 
   No. 7, 8 & 9 T.A. 
2. Blastula   7. P.F.  
  Control No. 2 & 5 V.V.H.I. 
   No. 4 V.H.I. 
   No. 1, 3, 6 & 7 V.V.L.I. 
     
   8. P.F. 
  Treated No. 3 V.H.I. 
   No. 2 L.I. 
   No. 4 V.L.I. 
   No. 1, 5,6, 7 & 8 V.V.L.I. 
3. Gastrula  9. P.F.  
  Control No. 3 L.I. 
   No. 6 & 8 V.L.I. 
   No. 1, 2, 4, 5, 7 & 9 V.V.L.I. 
   10. P.F. 
   No. 9 H.I. 
  Treated No. 7 L.I. 
   No. 3 & 10 V.L.I. 
   No. 1, 2, 4, 5, 6 & 8 V.V.L.I. 
   8. P.F.  
  Control No. 4 & 7 V.L.I. 
   No. 1, 2, 3, 5, 6 & 8 V.V.L.I. 
4. Trochophore  8. P.F. 
  Treated No. 1 H.I. 
   No. 7 V.L.I. 
   No. 2, 3, 4, 5 &  6 V.V.L.I. 
   No. 8  T.A.  
     
5. Veliger  7. P.F.  
  Control No. 5                                                               H.I. 
   No. 1  V.L.I. 
   No. 2, 3, 4, 6  & 7 V.V.L.I. 
   10. P.F. 
  Treated No. 4, 7 & 8 V.L.I. 
   No. 1, 2, 3, 5, 6 , 9 &   10 

 
V.V.L.I.  

   7. P.F.  
  Control No. 1, 2, 3 & 7 V.L.I. 
   No. 4, 5 & 6 V.V.L.I. 

     
6. Prior to hatching  12. P.F. 
  Treated No. 12 L.I. 
   No. 4, 6 & 10 V.L.I. 
   No. 1,2,3,5,7,8,9 & 11 V.V.L.I. 

Note:  H.-High, I.- Intensity, L. - Low, P.F.- Protein fraction(s), T.A.- Totally absent, V.H. - Very high, V.L. - Very low, V.V.L.- Very very low. 
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disappeared 48 hr after post fertilization period. In gel filtration 
the main peak of the intact molecule of vitelline estimated to be 
530 KD tended to become low from the blastula stage onwards. 
The relative vitelline content determined by enzyme linked 
immunosorbent showed the same decreasing pattern as in gel 
filtration. The increase in the protease activity during larval 
development agreed well with the timing of the vitelline 
degradation and this protease directly degraded larval vitelline 
protein. The total free amino acids drastically increased at the 
same time at the increase in protease activity and were 
reduced at the 24 hr straight hinge larva stage. The results 
obtained here suggests that oyster vitelline is degraded during 
larval development and free amino acids generated by 
hydrolysis of vitelline protein, may play a role in embryonic and 
larval development while in the present investigation only the 
increase in PF in treated groups was observed in comparison 
to their corresponding control stages except in cleavage and 
trochophore larval stages where depletion of PF was observed 
and most of the egg capsules showed development arrest or 
larval mortality due to the deficiency of essential metabolites at 
these stages which resulted into low percentage of hatchability 
in Lymnaea stagnalis but no work has been done on the free 
amino acids in different developmental stages in the present 
investigation. 
 

The decline in the number of protein fractions could 
be correlated with the increase in enzymatic activity of 
proteases during the corresponding stage e.g. cleavage, 
blastula, trochophore, veliger larval stages and prior to hatching 
but increase in free amino acids have not been investigated in 
the present investigation while at some stages e.g. in gastrula 
stage after nuvan treatment and veliger larval stage of control 
groups exhibited the increase in number of protein fractions 
could be correlated with the synthesis of new types of proteins 
by the combination of different types of free amino acids as 
observed by Li-Qi et al. (1998) in the Pacific oyster Crassostrea 
gigas. 
 

Singh and Agarwal (1996) studied the effect of 
deltamethrin on the quantitative extraction of protein in the snail 
Lymnaea acuminata and reported that exposure to 40% and 
60% of 48 hr LC50 of the synthetic pyrethroid deltamethrin for 
24, 48, 72 and 96 hr significantly reduced the endogenous 
levels of protein in foot tissue in Lymnaea acuminata while the 
decline in protein fractions was observed in most of the 
developmental stages L. stagnalis after treatment with baygon 
and nuvan in the present investigation and nuvan was proved 
to be more toxic in comparison to baygon in the present 
investigation. 

 

So alterations in the negatively charged protein 
fractions was correlated with the development arrest in different 
developmental stages and high percentage of mortality at the 
time of hatching of the young snails from their corresponding 
egg capsules at LC50 and LC100 concentrations was due to 
pesticide intoxication resulted into reduced rate of hatchability 
of young snails and in this way it could be possible to control 

the fertility and population density of pestiferous snails while 
applying these pesticides as development arrest agent or as 
molluscicides as observed in snail L. stagnalis after treatment 
with baygon and nuvan in the present investigation. 

 

 The remarkable points could be concluded from 
morphological observations and electrophoretograms obtained 
from different developmental stages of Lymnaea stagnalis are 
as follows: 
 

 (i) Maximum 11 PF (in baygon) and 12 PF (in nuvan) were 
detected out in prior to hatching stage. 
(ii) Minimum 5 PF were detected (in baygon) at trochophore 
larval stage. 
(iii) All developmental stages showed the increase in PF in 
treated groups in comparison to their corresponding control 
stages except in cleavage and trochophore larval stages where 
depletion of PF was observed and most of the egg capsules 
showed development arrest or larval mortality due to the 
deficiency of essential metabolites at these stages which 
resulted into low percentage of hatchability in Lymnaea 
stagnalis. The young snails were unable to break down the wall 
of corresponding egg capsules and remain trapped inside them 
and due to lack of nutrients they became starved and died 
within the egg capsules resulted into 100% mortality and zero 
percentage of survivality and in this way it is possible to control 
the fecundity of other pestiferous snails which act as an 
intermediate host of number of trematodes parasites which 
causes disorders and pathological changes in the liver of 
vertebrates.  
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