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ABSTRACT 
Thiodan treatment to Eudichogaster kinneari at 0.003 ppm concentration for twenty days, 
produced profound changes in the testes, caused by reduced testicular activity, destruction of 
cellular architecture observed by vacuolization of cells in different stages of spermatic follicles 
and in cytophore, necrosis, lesions and congregation in spermatogenic material, changes in 
histochemical reactions were also noticed by less staining intensity, size of spermatic follicles 
were reduced (p<0.001) significantly. 
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INTRODUCTION 

Eudichogaster kinneari is a common Indian 
earthworm. These are terrestrial animals, 
generally live in upper surface of the earth and 
found in those places, where organic food and 
moisture is present.1  
Some members of arthropods, molluscs, 
annelids and protozoans are important in 
maintaining soil structure and nutrition. 
Earthworms are among the largest of soil 
invertebrates, they are important in 
decomposition of plant residues and play a 
major role in maintaining physical soil 
characteristics and processes such as aeration, 
water permeability and mineral turnover.2 
Earthworms are considered as important 
bioindicators of chemical toxicity in the soil 
ecosystem. Studies on this aspect are important 
because earthworms are key components in 
natural food chains providing food source for 
many small mammals, birds and fishes and 
play a key role in the biomagnifications 
processors of several soil pollutants.3,4 
When agrochemicals used in agriculture, they 
ultimately persist in soil and disturb the 
population of earthworms, besides earthworms, 
other beneficial organisms are also affected by 
these chemicals. In this way agrochemicals not 
only affect the insects but equally damage the 
soil fauna. Inspite of this known action, very few  

studies have perceived in soil ecosystem, their 
influence on the gonadal structure and functions 
in earthworms.5-12 Besides this, there is lack of 
information on the effect of insecticide thiodan 
on the testicular histomorphology and histo-
chemistry of earthworm.  

AIMS AND OBJECTIVES 
The present work aims to show clearly the 
changes produced after exposure of safe 
concentration. 0.003 ppm of thiodan for twenty 
days in the testes of an earthworm 
Eudichogaster kinneari and evaluate histo-
morphoilogical and histochemical abnormalit-
ies in their testes. 

MATERIAL AND METHODS 
Healthy and sexually matured specimens of 
Eudichogaster kinneari approximately of 
same weight (6.5 + 0.001 gm), length (80-
120mm) and diameter (5-7 mm) were 
collected from the vicinity of Ujjain city, 
India and acclimated in the laboratory in 
culture pots with moistened soil, before the 
commencement of the experiment. 40 
earthworms were kept in each pot which was 
filled with 9000 gm soil. The earthworms 
were fed with organic matter, such as 
decaying leaves, compost manure etc. 
The market sample of Thiodan (Trade name 
endosulfan,   other   trademarks   are  cyclodan,  
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Beosit, malix, Thimul, Thifur, is the adduct of 
hexachlorocylopentadine and 1, 4 – dihydroxy-
2 butane, chlorinated with SO2Cl2 to produce 
6,7,8,9,10 hexachloro -1, 5 , 5a, 6, 9, 9a-
hexahydro-6, 9-methano-2, 4, 3-benzo-diooxa-
thiepin-3-oxide) was used for experimental 
purpose, Lc-50 value to these worms was also 
determined. The calculated quantity of thiodan 
was taken and diluted to 500 ml with tap water 
for preparation of the 0.003 ppm test 
concentration. The prepared soil was sprayed 
with 500 ml of this diluted solution on the first 
day of experiment and after 10 days. The 
insecticide was properly mixed with the soil 
after each spray. The worms were removed 
before each spray in order to avoid their direct 
exposure to the spray and afterwards kept in 
the soil for the next ten days. The control 
worms were kept in the soil without addition 
of insecticide. Both control and experimental 
animals were kept in identical conditions and 
the experiment was continued for 20 days and 
the organs were fixed in fixative after 5,10,15 
and 20 days. Before making the histological 
preparations, the worms were narcotized and 
the organs were immersed in saline solution 
(0.75%) for a few minutes to avoid con-
tractions. The testes were fixed in aqueous 
Bouin’s fluid and 10% formalin. The fixed 
testes were processed for dehydration and 
blocks were prepared in paraffin wax, sections 
were cut at 4-5 μm and stained with 
Delafield’s Haematoxylin and Eosin and 
Mallory’s triple for histological details and 
Periodic Acid Schiff’s (PAS),Mercuric Bromo-
phenol Blue (Hg-BPB), Luxol Fast (LF) ,Best 
Carmine (BC) and Sudan Black B (SBB) for 
histochemical details. Statistical analysis of 
data was carried out by student’s‘t’ test. 

RESULTS AND DISCUSSION 
Control group 
There are two pairs of testes, one on each side 
of the ventral nerve cord in the 10th and 11th 
segments. These are creamish or whitish in 
color, each testis is attached at its basal end to 
the septum while the rest part is protected by 
thread like ligaments, the testes are free and 
are not enclosed in a testis sac. 
The spermatic follicles of testis of E. kinneari 
were arbitrarily classified into four consecutive  

developmental stages, depending on the size of 
spermatic follicles and approximate number of 
cells per cluster. 
Immature 
Include small clusters having approximately 1 
to 16 cells or fewer cells and measured 
29.22+1.2μ. Cells joined together by a small 
central cytoplasmic bridge, the cytophore. The 
cells are rounded and contained abundant 
cytoplasm. 
Premature 
Include large clusters with approximately 32-
64 cells and measured 39.0±1.7μ. The 
developing sperm cells are larger and rounded 
with more prominent cytoplasm and nucleus. 
Maturing 
Included larger clusters having approximately 
64-128 cells and measured 56.75±1.7μ. The 
developing sperm cells are small, elliptical 
having a very prominent and much bigger 
cytophore. The signs of development of sperm 
tail are evident in some spermatic follicles. 
Fully mature 
Spermatic follicles showed further develop-
ment compared to those of stage-III, having 
approximately 128 cells and measured 
60.37±1.6μ. The cytophore was larger still 
having a distinct freely moving sperm tail and 
the heads attached to a common point (Fig. 1 
and Fig. 2). 
Histochemical reactions with Periodic Acid 
Schiff’s (PAS) technique, all spermatic follicles 
showed mild reactions which suggest the 
presence of least quantity of carbohydrates. 
Mercuric Bromo-Phenol Blue (Hg-BPB) test 
revealed moderately positive results, indicating 
the presence of proteins. Lipids have been traced 
in minute quantities and phospholipids in 
sufficient quantities evidenced by Sudan Black B 
(SBB) and Luxol Fast (LF) techniques. Presence 
of glycogen was also observed in less quantity 
with Best Carmine (BC) (Table 1). 
Treated group 
No major changes were observed in 5 days 
treatment of testes except vacuolization of 
spermatogenic material (Fig. 3) All stages of 
spermatogenic follicles revealed similar 
staining intensity with histochemical reactions 
as in control (Table 1).        
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After 10 days treatment massive vacuolization 
were seen due to shrinkage of spermatogenic 
components, thickened lining of spermatogenic 
follicles were also noticed (Fig. 4). 
15 days exposure showed dissoluted and 
damaged spermatic follicles, uneven 
arrangement of cells, vacuolization and 
atrophied architecture of spermatogenic 
follicles (Fig. 5). 
20 days treatment of thiodan showed drastic 
effects  on  all  spermatogenic  follicles  caused  

complete degeneration of tissues with broken 
follicles, asymmetrical arrangement of sperma-
tozoa around the cytophore, destruction of 
cellular architecture caused by necrosis, 
lesions and congregation of spermatogenic 
material (Fig. 6). 
Decreased intensity with histochemical reactions 
were seen in 10, 15, 20 days exposure         
(Table 1) and significantly reduced diameter of 
spermatic follicles (p<0.001) were noticed at all 
intervals of experiments (Table 2 and Fig. 7). 

                          
1.Immature spermatogenic follicles, 2. Premature spermatogenic follicles, 
3. Maturing spermatogenic follicles, 4. Fully mature spermatogenic follicles. 

Fig. 1 : T.S. male gonad showing different spermatogenesis E. kinneari 

 
1. Immature spermatogenic follicle, 2. Premature spermatogenic follicles, 
3. Maturing spermatogenic follicles, 4. Fully mature spermatogenic follicles CY- Cytophore 

Fig. 2 : T.S. control testis showing different stages of spermatic follicles 
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Fig. 3 : T.S. 5 days thiodan treated testis 

                          
Fig. 4 :  T.S. 10 days thiodan treated testis 

 

Fig. 5 :  T.S. 15 days thiodan treated testis  
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Fig. 6 :  T.S. 20 days thiodan treated testis 

Table 1 : Histochemistry of testis of Eudichogaster kinneari exposed to thiodan 

Days exposed Treatment 
Test 

PAS Hg-BPB BC LF SBB 

5 Days 
Control ++ +++ ++ +++ +++ 

Thiodan ++ +++ ++ +++ +++ 

10 Days 
Control ++ +++ ++ ++ +++ 

Thiodan ++ +++ ++ ++ ++ 

15 Days 
Control ++ +++ ++ +++ +++ 

Thiodan + ++ + ++ ++ 

20 Days 
Control ++ +++ ++ +++ +++ 

Thiodan ± + ± + + 

PAS = Periodic Acid Schiff’s: Hg-BPB = Mercuric Bromophenol Blue; BC = Best Carmine   ; LF = Luxol Fast; 
SBB = Sudan Black B in ethanol; ++, +++ = Positive reactions, + = mildly positive, + = Not clear 

Table 2 : Diameter of spermatic follicles of Eudichogaster kinneari exposed to thiodan 

Days 
exposed Group 

Diameter of spermatic follicles 

Stage-I Stage-II Stage-III Stage-IV 

5 Days 
Control 28.22±12 39.0±1.8 56.75±1.7 60.37±1.6 

Thiodan 21.47±1.8*** 
 -(23.9) 

31.25±1.6*** 
-(19.8) 

49.25±1.3***  
 -(13.2) 

53.0±1.6*** 
-(12.2) 
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10 Days 
Control 29.05±1.4 38.9±1.1 56.25±1.0 60.5±1.8 

Thiodan 17.24±1.6***     
-(41.5) 

29.5±1.2***    
  -(24.1) 

47.25±1.2***  
-(19) 

44.75±1.6***  
-(26) 

15 Days 
Control 30.0±1.4 39.12±1.1 55.9±1.1 60.5±1.8 

Thiodan 14.61±1.4*** 
 -(52.8) 

22.0±1.5*** 
 -(60.8) 

42.62±1.2***  
-(23.75) 

40.62±1.5*** 
-(32.8) 

20 Days 
Control 29.12±1.2 40.25±1.7 56.75±1.7 59.5±1.4 

Thiodan 12.75±1.3***  
-(56.2) 

21.47±1.8*** 
-(46.6) 

40.62±1.5***  
-(28.42) 

37.0±1.8***  
-(37.8) 

All values are expressed as mean ±SD   N=numbers Significant levels ***  Values in parenthesis are % alterations 

 

 

Fig. 7 : Diagram to showing diameter of spermatic follicles of testis of E. kinneari  
exposed to thiodan  

Numerous reproductive parameters have been 
studied in earthworms, exposed to various 
insecticides and chemicals viz : cocoon 
production, a reduced mean and maximum 
number of hatchlings per cocoon, sperm 
production, cytotoxicity and generotoxicity. 
Scientist have reported that pesticides 
influence  the reproduction of worms in a dose 
dependent manner with greater impact of 
higher concentration of chemicals13-21 but there 
is no report on the effect of thiodan insecticide 
on histopathology of testis of earthworms 
E.kinneari.22-25 

The present investigation revealed that thiodan at 
0.003 ppm concentration arrest testicular 
functions in E. kinneari. Cytoplasmic and 
nuclear  abnormalities  were  also  observed in all  

stages of spermatogenic follicles. The cellular 
architecture of all stages of spermatogenic 
follicles were severally destructed. Follicles lost 
their normal shape, asymmetrical arrangement of 
spermatozoa around cytophore were seen, 
vacuolization, congregation of spermatogenic 
material, reduced size of follicles, less intensity 
with histochemical reactions were noticed. 
Similar results were observed by Lakhani et al,9 
in same species of earthworm when treated with 
dimethoate at 0.6ppm for twenty days. Lakhani10 
also reported similar results in testis of same 
species when treated with azodrin at 0.5 ppm 
concentration in duration of 20 days. Besides 
testes author also studied on ovaries of some 
species at same concentration and duration         
by     exposure   of   rogor,   monochrotophos and  
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endosulfan and observed atrophy in cellular 
architecture and significantly decreased size of 
oocytes of different stages.5,8 Kulkarni et al.,13 

reported decrease number of oocytes, arrest of 
ovarian maturation and degeneration of ovarian 
cord by endosulfan treatment, decreased number 
of differentiated and previtellogenic stages along 
with the ovarian cord with malathion exposure 
and ceasing of ovarian maturation with CaSO4 
treatment in duration of twenty days, in Hirudo 
birmanica, similar results were reported by 
Sagar14 in fresh water leech Poecilobdella 
granulosa with the treatment of endosulfan, 
malathion and seven. Espinozoa Navaroo et al.,11 
arrived at the conclusion that insecticide organo-
phosphate malathion decreased spermatic 
viability in spermathica, altering of cell 
proliferation, modified DNA structure of 
spermatogonia and cytotoxic effect caused by 
coiling of tail in Eisenia fetida. Yasmin et. al12 
found impaired growth and reproduction in 
Eisenia fetida by carbendazin, dimethoate and 
glyophosate treatment, Gupta and Saxena18 
noticed cocoon production was the most 
sensitive parameter for carbaryl in Mataphire 
posthuma and find sperm head abnormalities at 
0.125 mg/kg of carbaryl, besides this amorphous 
sperm head and granulated form of nucleus 
deposition within the head were observed at 0.25 
mg/kg and 0.5 mg/kg of carbaryl. Perionyx 
excavatus showed depressed reproduction with 
formulated carbafuran than its pure compound 
treatment and decreased toxicity of three 
chemicals in the order of carbafuran>chlor-
pyriphos>mencozeb were observed by De Silva 
et al.17 
Decreased enzymatic activity of acetyl 
cholinesterase was noticed with pesticidal 
treatment in Poecilobdella granulosa by 
Sagar14 in Pontoscolex corethurus by Kale et 
al.15 and in Eisenia fetida by Rao,16 which in 
turn affect the process of gametogenesis as 
regulated by the gonadotropic hormones in the 
brain of annelids. Thus this study clearly 
showed a histological parallelism as other 
workers reveal that insecticides are toxic to 
endocrine functions. 

CONCLUSION 
Reproductive parameter of earthworms, 
exposed  to  agro  pesticides seems to be useful  

bioindicators of soil pollution and indicate 
negative impact of pesticides on earthworm 
reproduction. Even disturbed cellular enzyme 
system arrest the process of normal gametog-
enesis and release of gonadotropins, which are 
essential for normal gametogenesis in 
earthworms. 
As the earthworms are old friends of farmers, 
it can be concluded from above study, that it is 
necessary to minimize the after effects of 
insecticides in agricultural fields and to save 
the earthworms, application of insecticides 
should be restricted to needed places only, 
especially in late summer and in rainy season, 
when earthworms are near to soil surface and 
only those products should be used which are 
least injurious to earthworms. 
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