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Susceptible and resistant snails Biomphalaria glabrata were infected with 
miracidia of Schistosoma mansoni from 1 to 10 days post-exposure. 
Histological serial sections revealed that throughout infection mother 
sporocysts were developed in tentacles of the susceptible, whereas, these 
were observed in resistant snails from 1-5, 7 and 9 days post-exposure at 
penetration point. Out of 50 susceptible snails, 22 animals had several 
mother sporocysts developed in the tentacles, whereas, in the resistant 
snails 10 animals had few mother sporocysts observed. There are 22 
infected susceptible (n = 22) and 10 resistant snails (n = 10). Chi-square test 
shows highly significant differences between the number of infected 
tentacles of the susceptible and resistant snails (2 

(1) = 6.62, P< 0.01). In 
the susceptible snail single, multiple, mature and migratory types of mother 
sporocysts were 21, 77, 6 and 1, total (n = 105) and in the resistant snails 
single 10 and multiple 3 mother sporocysts (n = 15) were observed. Chi-
square test shows highly significant differences between the number of the 
various types of the mother sporocysts found in the tentacles of the 
susceptible and resistant snails (2 

(3) = 17.31, P< 0.01). The healthy mother 
sporocysts is characterized by outer light thick tegument with cells, vacant 
spaces, muscles, anteriorly strongly stained penetration gland, neural mass 
in bottom containing PAS positive material, some germinal cells are 
scattered throughout body. The range means diameter of mother sporocysts 
in the susceptible snails 37.16 ± 4.04 m to 75.24 ± 9.61 m at 2 and 9 days 
post-exposure. Similarly, in the resistant snails the range mean diameter of 
the mother sporocysts was 34.22 ± 3.28 m to 57.05 ± 5.88 m at 2 and 9 
days post-exposure. On the basis of above findings it is concluded that 
normal development and appearance of of mother sporocysts in the 
susceptible as compared to resistant snails during schistosome infections.  
 
Key words: - Histomorphology, Tentacle mother sporocyst, Schistosoma mansoni, 
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INTRODUCTION 
 
Schistosomiasis is considered to be one of the most 
prevalent parasitic diseases in the world. The disease 
occurs in 76 countries of South America, Asia and Africa. 
The parasite life cycle starts when S. mansoni eggs are 
deposited in water by an infected vertebrate host. The 
miracidium hatches from the egg and actively searches for 

its intermediate host, snails from the genus Biomphalaria 
(Nacif-Pimenta et al., 2012). B. glabrata is intermediate host 
of Schistosoma infection due to the high levels of 
compatibility and susceptibility to parasite (Souza et al., 
1995). Schistosomes require a molluscan intermediate host 
(Cheng   and  Bier, 1972)  and   miracidia   (MI)   is  infective  
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forms for the snail host (Wajdi, 1966). As soon as the MI has 
reached a suitable snail, the cycle can continue (De Jong-
Brink, 1995). MI remains infective to its snail B. glabrata 
host for about 8 to 12 hours at temperatures 24 to 28ºC 
(Souza et al., 1997). During the course of its life cycle, S. 
mansoni goes through distinct stages of differentiation 
(Wajdi, 1966). The sporocysts lack an alimentary canal, 
reproduce parthenogenetically and are completely sessile 
when mature (Kinoti, 1971). 

Tentacles on snails are sensory organs and use them to 
feel around their environment. The largest pair of the 
tentacle of snail has a light-sensitive patch sometimes at tip 
and sometimes at the base. There are also olfactory sense 
cells (sense of smell) on the tentacles. The eye is on the tip 
of the tentacles (http://wiki.answers.com/). The snail 
tentacle ganglion is a prominent structure that innervates 
an epithelial pad sensitive to wind and odors (Chase and 
Kamil, 1983). The present research paper describes 
histomorphology of the mother sporocysts (MS) 
development in the tentacles of the susceptible and 
resistant snails of B. glabrata from 1 to 10 days post-
exposure. 
 
 
MATERIAL AND METHODS 

 
Selected pigmented resistant and unselected susceptible 
ordinary (Albino) snails of B. glabrata were studied for 
development of the parasite. The majority of parental stock 
of B. glabrata snails, were initially susceptible to infection 
with S. mansoni, selectively bred a line of B. glabrata snails 
that displays substantially reduced susceptibility to 
infection with this parasite. Approximately only 2% of 
young adult snails of the 7th generation of selected line 
became infected after exposure to large numbers of MI, 
compared with infection rates of 90% or more in control 
batches of un-selected parental snails. The mean diameters 
of shell of both groups used in this study were 10.22 ± 
0.068 and 9.0 ± 0.06 mm, respectively. The animals were 
twice mass exposed with freshly hatched MI obtained from 
the livers of mice. Age-matched male and female mice were 
anaesthetized and infected with 140 S. mansoni cercariae 
percutaneously. The technique employed (Doenhoff et al., 
1978a) was adopted from Smithers and Terry (1965).  

A total of 50 susceptible and 55 resistant snails were 
histologically processed from 1 to 10 days post-exposure 
(DPE). All the infected snails were processed histologically 
in the Histology Laboratory, School of Biological Sciences, 
University of North Wales, Bangor, United Kingdom in 
1997. The infected snails were relaxed in 0.4% Nembutal 
anesthesia (Abbot Laboratories, UK) for 8-24 hours. Snails 
were fixed in Heidenhain’s Susa fixative until shell became 
transparent. The shell was carefully removed with an artery 
forceps under dissecting microscope without any damage 
to the tissues of the snails. For histological studies, tentacles 
of the snails were dissected. The  animals  were  dehydrated  

 
 
 
 
in graded alcohol, infiltrated and embedded in historesin. 
About 4 μm thick serial sections were cut with a glass knife 
from animals using 5 repeats on every day. The slides were 
stained using polychrome method, mounted with distyrene 
plasticizer xylene and a cover slip. The stained slides were 
dried on a hot plate for overnight. Finally, the slides were 
interpreted on a light microscope for detailed 
histomorphological examination. 
 
 
RESULTS 
 
MS developed in the tentacles of susceptible and 
resistant snails 
 
After penetration of MI in the tentacles of snails, MS were 
formed at the penetration point. Single, multiple, mature 
and migratory MS types were found in the tentacles of the 
susceptible snails. Out of 50 susceptible snails, 22 animals 
had various types of the MS in the tentacles, whereas, in the 
resistant snails 10 animals had few single and multiple MS 
in the same organ from 1-10 DPE. Further the number of 
infected snails and MS were counted in the tentacles of the 
susceptible and resistant snails. There were 22 infected 
susceptible (n = 22) and 10 resistant snails (n = 10). Chi-
square test shows highly significant differences between 
the number of infected tentacles of the susceptible and 
resistant snails (2 

(1) = 6.62, P< 0.01). The range of single 
(1-6), and multiple (3-24) was recorded in the tentacles of 
the susceptible snails up to 10 DPE. Greater numbers of 
multiple MS were observed on 5, 6, and 8 DPE, which were 
12, 24 and 13 respectively. Whereas, in the resistant snails 
total number of the single (12) and multiple (3) MS were 
recorded up to 10 DPE (Table 1).  

In the susceptible snail these were 21, 77, 6 and 1 
respectively of the above types of the MS total (n = 105) and 
in the resistant snails single 10 and multiple 3 MS (n = 15) 
were observed. Chi-square test shows highly significant 
differences between the number of the various types of the 
MS found in the tentacles of the susceptible and resistant 
snails (2 

(3) = 17.31, P< 0.01) (Table 2). 
               
Histology of MS in the tentacles of the snails 
 
Susceptible snails 
 
The MS developed in the apex, body and base of the 
tentacles of susceptible snails from 1-10 DPE. Few MS were 
multiple, mature in the tentacles of the snails from 3, 6 DPE 
and increasing number of MS were present from day 5 
onwards. The body of normal longitudinal (LS) MS is 
characterized by the outer light thick tegument with cells, 
vacant spaces, muscles, anteriorly strongly stained 
penetration gland, neural mass in the bottom containing 
PAS positive material, some germinal cells are scattered 
through out  the  body (Figure 1). Germinal  cells  possessed  

http://wiki.answers.com/
http://www.ncbi.nlm.nih.gov/pubmed?term=Chase%20R%5BAuthor%5D&cauthor=true&cauthor_uid=6827261
http://www.ncbi.nlm.nih.gov/pubmed?term=Chase%20R%5BAuthor%5D&cauthor=true&cauthor_uid=6827261
http://www.ncbi.nlm.nih.gov/pubmed?term=Chase%20R%5BAuthor%5D&cauthor=true&cauthor_uid=6827261
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Table 1. Chi-square test based on tentacles of the infected 
susceptible and resistant snails 

 
Animals Infected [n, %] Uninfected Total 
Susceptible 22 

(16) 
28 

(34) 
50 

 
Resistant 10 

(16) 
40 

(34) 
50 

 
Total 32 68 100 
= 2(1) 6.62 (P < 0.001) 

 
 

Table 2. Chi-square test applied on total number of the various types of the MS found 
in the tentacles of the susceptible and resistant snails from 1-10 DPE. 

 
Animals No. of MS Total 

Single Multiple Mature Migratory 
Susceptible 21 

(28.8) 
77 

(70) 
6 

(5.25) 
1 

(0.88) 
105 

 
Resistant 12 

(4.12) 
3 

(10) 
- 

(0.75) 
- 

(0.12) 
15 

 
Total 33 80 6 1 120 
= 2(3) 17.31 (P < 0.001) 
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Figure 1: Single mother sporocyst visible in the tentacle of susceptible snail (416X).  
Abbreviation: - AG = Apical Gland, GC = Germinal Cells, NM = Neural mass, PG = 
Penetration glands and T = Tegument 

 
 
 
nuclei with prominent dark nucleoli and little cytoplasm at 
1 DPE. At 4 DPE single MS is found close to the retina of eye 
and multiple MS are also present below the epithelium of 
the tentacle. The mean ( SEM) number of the germinal 
cells of MS present in the tentacle is 30.6  6 from 1-5 DPE. 
The mean ( SEM) number of germinal cells in the embryos 
of DS within the body of mature MS is 8  0.33 at 6 DPE. 
 
Resistant snails 
 
Some  single  and  very  few  multiple  MS  were found in the 
body  and  base  of the tentacles of resistant snails from 1-5, 

7, and 9 DPE, respectively. At 4 DPE flat MS was 
characterized by thin tegument, strongly stained 
penetration gland, vacant spaces and few germinal cells. 
Germinal cell nuclei were distinct with nucleolus and 
cytoplasm was lightly stained. 
 
Diameter of the MS in the tentacles of the susceptible 
and resistant snails 
 
The mean diameter (± SEM) of the body of the MS 
developed in the tentacles of susceptible and resistant 
snails  are  presented in Table 3. The  range means diameter  
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Table 3. Mean diameter (± SEM) of the mother 
sporocysts developed in the tentacles of susceptible and 
resistant snails 

 
           DPE MS diameter (m) 

Susceptible Resistant 
1.  45.96 ± 7.22 35.04 ± 5.34 
2.  37.16 ±  4.04 34.22 ± 3.28 
3.  54.32 ±  8.79 39.93 ± 3.26 
4.  48.89 ±  5.07 53.29 ± 3.40 
5.  54.27 ±  4.66 39.60 ± 3.31 
6.  55.74 ±  4.19 - 
7.  54.76 ±  3.67 56.23 ± 1.41 
8.  53.78 ±  5.98 - 
9.  75.24 ±  9.61 57.05 ± 5.88 
10.  56.94 ± 12.93 - 

 
 

Table 4. Mean diameter (± SEM) of the mature mother sporocysts, 
number and diameter of the embryos of daughter sporocyst developed 
in the tentacles of susceptible snails 

 
DPE Mature MS Embryos of DS) 

Diameter (M) Number Diameter (M) 
6 63.56 ±  4.23 3 36.67 ± 1.41 
7 _ - _ 
8 139.36 ± 15.54 8 39.12 ± 2.82 
9 125.50 ±  8.28 11 30.15 ± 2.15 
10 51.34 ±  1.41 8 40.75 ± 2.15 

 
 
 
of MS in the susceptible snails 37.16 ± 4.04 m to 75.24 ± 
9.61 m at 2 and 9 DPE. Similarly, in the resistant snails the 
range mean diameter of the MS was 34.22 ± 3.28 m to 
57.05 ± 5.88 m at 2 and 9 DPE. However, the range of the 
mean diameter of the MS noted in the tentacles of the 
resistant snails was 34.22 ± 3.28 m to 57.05 ± 5.88 m at 2 
and 9 DPE. The mean diameter (± SEM) of the body of the 
mature MS, number and diameter of the embryos of DS 
developed in the tentacles of susceptible snails are 
presented in Table 4. The maximum mean diameter 
(139.36 ± 15.54 m) of mature MS in susceptible snails was 
observed at 8 DPE. The number (11) of embryos of DS and 
maximum mean diameter was 40.75 ± 2.15 m in the 
tentacles of susceptible snails was observed at 9 and 10 
DPE respectively. 
 
 

DISCUSSION 
 

In the present study selected pigmented resistant and 
unselected susceptible ordinary (Albino) snails B. glabrata 
were studied for development of the S. mansoni parasite. 
The mean diameters of shell of both groups used in this 
study were 10.22 ± 0.068 and 9.0 ± 0.06 mm, respectively. 
Whereas, Lynn et al., (1992) was found that snails of B. 
glabrata    as    small   as   0.74 mm in   shell  diameter  could 
survive   miracidial penetration and could  release cercariae 

when as small as 1.6 mm in diameter. 
Unselected susceptible ordinary (Albino) snails B. 

glabrata were studied for development of the S. mansoni 
parasite. Richards and Shade (1987) have reported within 
the Biomphalaria genus, there is a large diversity in the 
susceptibility of strains to infection by Schistosoma 
parasites. Physiological and genetic aspects of the snail 
hosts, as well as the genetic factors of the S. mansoni 
parasite, contribute to this diversity, as demonstrated in 
distinct experimental models (Basch, 1979; Richards and 
Shade 1987) until now, most interaction studies have been 
conducted using B. glabrata–S. mansoni as an experimental 
model (Bayne et al., 1980; Coustau and Yoshino, 1994). 
Three snails species viz. B. glabrata, B. tenagophilia and B. 
straminea, which had been infected with S. mansoni 
miracidia revealed similar qualitative features, consisting of 
areas of sporocyst proliferation and associated with 
reactive host reaction (Souza et al., 1997). 

Out of 50 susceptible snails, 22 animals had developed 
MS in the tentacles, whereas, out of 55 resistant snails 10 
animals had few MS in the same organ from 1-10 DPE. Chi-
square test shows highly significant differences between 
the number of infected tentacles of the susceptible and 
resistant snails. Sullivan and Richards, (1981) reported that 
several different host-parasite interactions occur with 
different combinations of B. glabrata stocks and S. mansoni 
strains.   Lewis  et  al., (1993)   further  reported  that   these  



 
 
 
 
interactions are influenced by genes of the snails that 
control susceptibility and genes of the parasite that 
determine infectivity. Some gene combinations allow the 
parasite to develop and proliferate because the snail fails to 
recognise it as a foreign body.  
Mother sporocysts were found in tentacles of susceptible 
snails from 01 to 10 DPE. Following results are nearly 
agreement with present findings. Pan, (1963) reported that 
MS were found in tentacles of the A. glabratus snails at 1, 2, 
4 and 8 DPE. Pan, (1965) reported that the mother 
sporocysts can survive longest in the tentacles of the snails. 
Lewis et al., (1993) reported histological examination of 
many sectioned susceptible snails revealed that small 
sporocysts could occasionally be found in the tentacles 
from 7 to 10 days post exposure. Nacif-Pimenta et al., 
(2012) reported that two weeks after penetration, the 
primary sporocysts give birth to secondary sporocysts. 

Single, multiple, mature and migratory mother 
sporocysts developed in tentacles of the susceptible and 
resistant snails mass exposed to miracidia of S. mansoni 
after 1 DPE. Following results are agreement with present 
findings. Richards, (1975) only four or five mother 
sporocysts developed normally in the susceptible snails 
exposed to 25 miracidia after 24 hours. Mother sporocysts 
have been reported in tentacles of the snails by Wajdi 
(1966), Lewis et al. (1993) and Ataev et al., (1997). Our 
study describes the determination, location and 
histomorphological structures of various types of MS 
developed in tentacles of susceptible and resistant snails 
from 1 to 10 DPE. No any research work has been done 
previously on the light microscopic level.   
 
 
Conclusions 
 
On the basis of above results it can be concluded that 
normal development of MS were observed in tentacles of 
susceptible and less in the resistant snails. Increase 
number, diameter and variable shapes of the MS of S. 
mansoni was also seen earlier in susceptible snails as 
compared resistant snail’s B. glabrata. 
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