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INTRODUCTION  
Earthworms are important regulators of soil structure and dynamics of soil organic matter. They are a 
major component of soil fauna communities in most ecosystems and comprise a large proportion of 
macro fauna biomass1. They are tube-shaped, segmented animal commonly found in soil which feeds on 
live and dead organic matter. Its digestive system runs through the length of its body.  
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ABSTRACT 
In the present research work, seven different antibiotics viz., Cyclohexamide, Ampicillin, 
Cefotaxime, Nystatin, Pyridoxial hydrochloride, Neomycin and Chloramphenicol were used for the 
analysis of morphological and histopathology studies of earthworm, Eudrilus eugeniae. These seven 
antibiotics were used in two different methods, one was incorporated into the nutrient agar medium 
and the other was incorporated on its habitat. In the first method, involving the incorporation into 
the nutrient agar medium, the earthworms were first incubated on sterile nutrient agar medium 
containing specific amount of seven different antibiotics. Every single antibiotic was used to prepare 
nutrient agar plates. Earthworms were then placed on these plates and later checked for its and 
morphological conditions for every 1 hour up to 24 hours. After 24 hours, it was noted that the 
earthworm died in the Nystatin added agar plate while other antibiotics incorporated plate with 
earthworms were observed to be alive. 
The second method involves the incorporation of earthworms into their habitat. The above 
mentioned seven antibiotics were taken individually and were then added to 50 ml of sterile water 
and from that preparation, 1 ml was taken and added directly to the sterilized compost and mixed 
well. The earthworms were later placed in those seven different antibiotics incorporated compost for 
24 hours with an interval observation of every 1 hour in between. After 24 hours, it recorded that all 
the earthworms inoculated into the sterile compost remained alive. 
In the present study five different bacterial isolates each from inner as well as the outer regions of 
the test earthworm were isolated and assayed for the antibiogram studies against the seven different 
antibiotics. As the Nystatin antibiotic agar medium incubated with earthworm died the particular 
antibiotic was chosen for further study was treated in earthworm by direct and indirect method. In 
direct method, the antibiotic was injected in clitellum of the earthworm whereas in indirect method, 
the earthworm was subjected to nystatin wash. Finally, the nystatin washed earthworms were 
carried out for histopathological analysis which showed damage in the epidermal and circular 
muscle layer. 

Keywords: Agar-well diffusion, Antibiotics, Earthworm, Haematoxylin and eosin, Nutrient agar 
medium. 
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It conducts respiration through its skin. Since 1340 AD, earthworms have been used as medicine for 
various remedies2 and it has been recognized in oriental medicine as anti- inflammatory, analgesic and 
antipyretic agent3.  
The earthworm species, Eudrilus eugeniae commonly referred to as the West African night crawler 
occurs all over the world but mostly in West African regions4,5. It is largely found in West Africa from 
Ghana to Nigeria to West Cameroun and Gabon. It grows well at a temperature of more than 25ºC but 
best at 30ºC6 attaining maximum weight, length and number of segments in about 15 to 20 weeks7. It 
ranges in size from about 10 cm in length to huge specimens of over 12 cm and size may depend on 
habitat5. The total number of segments in Eudrilus eugeniae varies from about 80 to over 100 with the 
location of a thick cylindrical collar, the clitellum between segments 13-208. 
Antibiotics are substances which either kill or inhibit the growth of a microorganism. The 
term antibiotic was first used in 1942 by Selman Waksman and his collaborators in journal articles to 
describe any substance produced by a microorganism that is antagonistic to the growth of other 
microorganisms in high dilution. Antibiotics are produced by microorganisms or they might be fully or 
partly prepared by chemical synthesis. They inhibit the growth of micro-organisms in minimal 
concentrations. Antibiotics may be of microbial origin or purely synthetic or semi synthetic. 
The skin flora, more properly referred to as the skin micro biome or skin micro biota are 
the microorganisms which reside on the skin. Skin flora is usually non-pathogenic and 
either commensals or mutualistic. The benefits that bacteria can offer includes preventing transient 
pathogenic organisms from colonizing the skin surface either by competing for nutrients, secreting 
chemicals against them or stimulating the immune system of the skin9,10. A diverse microbial flora is 
associated with the skin and mucous membranes of every human being from shortly after birth until 
death. The human body which contains about 1013 cells routinely harbors about 1014 bacteria. This 
bacterial population constitutes the normal microbial flora. The normal microbial flora is relatively stable 
with specific genera populating various body regions during particular periods in an individual's life. 
The clitellum is a part of the reproductive system of clitellates, a subgroup of Annelids which contains 
Oligochaetes (earthworms) and Hirudineans (leeches). The clitellum is a thick, saddle-like ring found in 
the epidermis of the worm, usually with a light-colored pigment. To form a cocoon for its eggs, the 
clitellum secretes a viscous fluid. This organ is used in sexual reproduction of some Annelids. The 
clitellum becomes apparent in mature annelids, but may be hard to locate visually in younger Annelids. In 
leeches, it appears seasonally. Its color is usually slightly lighter than that of the body of the Annelid. 
Occasionally, living segments of the worm will be shed with the clitellum. 
During the course of evolution, earthworm produces certain anti-microbiological substances especially 
active proteins and enzymes11. Earthworm surface excreta are found to have potent antimicrobial activity. 
Eudrilus eugeniae has antibacterial potency which acts on certain plant pathogens12. The paste prepared 
from the earthworm, E. eugeniae was tested for its antibacterial potential. 
The aim and objectives of the present investigation is to study the effect of antibiotics on earthworm 
incorporated into its medium, habitat, skin surface, washed on the skin surface of earthworm at different 
time periods, injected into the earthworm body, antibacterial effect of isolates from exterior and interior 
of earthworm and to observe the histopathological studies of earthworm. 

MATERIALS AND METHODS 
Collection of earthworms 
Earthworms (Eudrilus eugeniae) were obtained from the Vermibiotechnology Laboratory of the 
Department of Biotechnology, Manonmaniam Sundaranar University, Tirunelveli. They were cultured in 
the cement tank and acclimatized to the laboratory conditions for about one month for this study13,14. 
Gut clearance of earthworms  
Earthworms were collected from the culturing cement tank and washed with tap water, the gut clearance 
of the collected earthworms were performed by introducing the worms into 1% sterile agar medium for 
about 24 to 48 hours. Then gut cleared worms were washed with sterile distilled water and used for future 
work. 



Copyright © April, 2015; IJPAB                                                     243 

 

Umamaheswari, S. et al                    Int. J. Pure App. Biosci. 3 (2): 241-255 (2015)                     ISSN: 2320 – 7051 

Preparation of stock solution for different antibiotics 
The antibiotic sensitivity of Eudrilus eugeniae was studied using seven different antibiotics viz., 
Cyclohexamide, Ampicillin, Cefotaxime, Nystatin, Pyridoxial hydrochloride, Neomycin and 
Chloramphenicol. About 0.1 gm of each antibiotic was mixed with 50 ml of sterile distilled water 
separately and used for further studies. 
Effect of antibiotics on earthworm incorporated into the agar medium 
About 1 gm of agar was mixed with 50 ml of distilled water, sterilized and cooled. From the above 
already prepared stock solutions, 100 µl of each antibiotic were mixed with the previously sterilized agar 
medium into which the earthworms were introduced and noted for the morphological changes for every 1 
hour15. 
Effect of antibiotics on earthworm incorporated into its habitat 
About 50 gm of compost was taken in seven beakers separately into which 1 ml of each prepared stock 
solution of test antibiotic was added respectively. Earthworms were placed in these seven beakers and 
kept aside and the results were noted in every one hour for a period of 24 hours16,17. 
Effect of Nystatin antibiotic washed on the skin surface of Eudrilus eugeniae 
From the prepared Nystatin stock solution, 1 ml was taken and used to wash the different parts of the 
earthworm separately. First a set of 10 earthworms were washed from head to tail with Nystatin, in the 
second set, the earthworms were washed only in their tail portion and the third set of earthworms were 
washed only in the head region. The fourth set of earthworms was washed from the clitellum to the tail 
portion. The four sets of earthworms were washed with 1 ml of Nystatin antibiotic for 2 minutes and 
placed in sterilized agar medium. The results were observed for every one hour and the morphological 
changes were noted18. 
Effect of Nystatin antibiotic washed on the skin surface of Eudrilus eugeniae at different time 
periods 
From the stock solution of Nystatin, 1 ml was taken and the earthworm was washed from head to 
clitellum. After washing the earthworms were placed in the sterilized agar medium and the results were 
observed for every one hour to observe the morphological changes18. 
Effect of Nystatin antibiotic injected into the clitellum of the earthworm   
Different concentrations of Nystatin stock solution viz., 25µl, 50µl, 1µl, 2µl and 3µl were taken and 
injected into the clitellum part of the test earthworm19. After injection, the earthworms were placed in 
agar medium and the results were noted for 24 hours with an interval of one hour. 
Isolation of bacterial flora from earthworms Eudrilus eugeniae 
To the freshly prepared nutrient agar plates, exterior flora from the gut cleared earthworm was swabbed. 
Similarly, the coelomic fluid from the interior region of the gut cleared earthworm was taken and plated 
separately for bacterial isolation. These isolated bacteria were used to determine the antibiotic sensitivity 
towards seven different antibiotics using agar-well diffusion method. 

Antibacterial effect of isolates from exterior and interior of earthworms Eudrilus eugeniae 
Antibacterial activity of the isolates against all the pathogenic microorganisms was determined by agar-
well diffusion method20,21 under aerobic conditions. Wells of 3 mm diameter were cut into the sterilized 
nutrient agar medium using sterile cork borer into which 100 µl of each test antibiotic was placed into 
each well separately which were previously swabbed with the respective isolated bacterial cultures. The 
inhibitory activity of the antibiotics against the isolated bacteria from the earthworm was noted by 
incubating the plates at 370C for 24 hours. The antibacterial activity was determined by measuring the 
diameter of the inhibition zone around the wells. 
Histopathology study of earthworm  
Longitudinal sections of head to clitellum part of both the control and the test earthworm were subjected 
for histological examinations. Specimen earthworm was washed with 5 ml of Nystatin antibiotic and 
subjected for histology. The tissues of the earthworm were separated and fixed in 50 % formaldehyde by 
standard methods22 for further analysis to be visualized under fluorescent microscopy. 
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 RESULTS AND DISCUSSION 
Annapoorani23 demonstrated that the earthworms are considered as farmer’s friend and an indicator of 
soil quality as they contribute enriched soil to agricultural field. Salokhe et al.13 studied the earthworms 
are economically important organisms and play a key role in the environmental management. 
Vermiculture is entirely natural process which maintains the environmental balance. The attempt was 
made to observe the effect of soil mixed insecticide viz., Fipronil on biological parameters, reproductive 
physiology and total count of gut microflora of Eudrilus eugeniae and the ability of this microflora to 
produce enzymes.   

Effect of different antibiotics on earthworm incorporated into its agar medium 
The research work deals with the earthworms Eudrilus eugeniae were incubated on sterile agar medium 
containing specific amount of specific antiobiotic compounds. For this purpose, seven different agar 
plates were prepared which was incorporated with 100 µl of seven different test antibiotics respectively 
before the solidification of the agar. Earthworms were placed on these plates and checked for its 
physiological activities and morphological conditions for every 1 hour up to 24 hours (Fig. 1). The worms 
incubated in Nystatin incorporated agar were found to be dead after 4 hours (Fig. 1 & Plate D). Rest of 
the earthworms placed in the other antibiotics remained alive even after 24 hours (Fig. 1, Plate A, B, C, E, 
F and G). 

Effect of antibiotics on earthworm incorporated into its habitat 
As the second level of investigation, the earthworms were incubated in sterile compost to which the test 
antibiotics of the same level were incorporated. But in contrast to agar medium incorporated antibiotics, 
all the earthworms remained alive in the compost (Fig. 2). Vijayan et al.24 studied the earthworm to be a 
potential contributor in organic waste disposal or vermicomposting and investigated the external features, 
growth, reproductive morphology and histology.  
Effect of Nystatin antibiotic washed on the skin surface of Eudrilus eugeniae 
In another set of experiments, Nystatin was found to act against earthworm leading to its death; this was 
taken for further study. Nystatin was incorporated to earthworms at different sites. Earthworm was 
washed with 1 ml Nystatin antibiotic from head to tail, only head and clitellum to tail separately for 2 
minutes. Results were observed for every 1 hour up to 24 hours (Fig. 3). Results indicated that after 4 
hours, the worms entire body washed with Nystatin and the worms head and clitellum to tail washed with 
Nystatin were found to be dead (Fig. 3, Plates A, C and D). The earthworm washed with Nystatin on tail 
portion alone remained alive though it lost its tail portion (Fig. 3 & Plate B). 

Effect of Nystatin antibiotic washed on the skin surface of Eudrilus eugeniae at different time 
periods 
Since it was shown that Nystatin had a negative effect on earthworms, the time activity was checked and 
the readings were taken with an interval of every 10 minutes up to 90 minutes after which the time lapse 
was increased to 60 minutes. After 270 minutes, the results showed that the earthworm’s tail was cut off 
and after 330 minutes, the earthworms were found to be dead (Fig. 4 & Table 1). 

Effect of Nystatin antibiotic injected into the earthworm region of clitellum 
The earthworms were injected with Nystatin antibiotic in the clitellum region. Nystatin of different 
volumes viz., 0.25 µl, 0.50 µl, 1 µl, 2 µl and 3 µl were employed for injecting the earthworms. Results 
were noted for every 1 hour up to 24 hours. Results indicated that all the earthworms remained alive even 
after 24 hours (Fig. 5). According to previous findings, Oboh et al.25 reported the earthworm, Eudrilus 
eugeniae possessed different concentrations of dump-site soil and petroleum effluents exhibited different 
morbidity and mortality responses. Lake sediments caused varied fluctuations in weight over a 20 day 
exposure period. Colour changes and mortality up to 15% were observed in the earthworms cultured in 
100% lake sediment, while weight loss, coiling and sluggish movement were observed in 50% lake water.  

Isolation of bacterial flora from earthworm body 
The bacterial flora were isolated from the interior and exterior part of the earthworm.  
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The coelomic fluid from the interior region and the bacterial flora from the exterior of the earthworm 

were swabbed and plated separately.  

Five types of bacterial isolates were collected both from the inner and outer region. Esakkiammal et al.26 

reported the enumeration of bacterial population in the gut region of Eudrilus eugeniae in soils, organic 

matter. Decomposition and stabilization largely occurs as a result of microbial activity, although when 

present, earthworms are important drivers of the processes through their interactions with micro flora 

which begin during organic matter digestion by earthworms.  

Antibacterial effect of isolates from exterior of earthworm 
The antibacterial activity of seven different antibiotics was examined using agar-well diffusion method. 

Antibacterial activities of seven different test antibiotics were tested against five interior and five exterior 

bacteria isolated from earthworm. The zone of inhibition was expressed in millimeter (mm). The 

Cefotaximide showed increased inhibitory activity (3 mm) in bacteria 2 from earthworm exterior.  Among 

the bacterial species, the Chloramphenicol and Neomycin showed lesser activity in bacteria exterior 4 and 

5 (1 mm). Ampicillin, Pyridoxial hydrochloride, Cyclohexamide and Nystatin rendered no bacterial 

activity against bacteria exterior 1,2,3,4 and 5 (Fig. 6, Table 2 & Graph 1). From the previous results, 

Bhorgin and Uma20 studied the various solvent extracts of dried earthworm powder (Lampito mauritii) 

and subjected to preliminary screening for antimicrobial activity which was determined by disc diffusion 

method and it was found that 95% ethanol extract of earthworm exhibited potent antibacterial activity 

against Aeromonas hydrophila and antifungal action against Candida albicans.  

Antibacterial effect of isolates from interior of earthworm 
The internal bacterial isolate 2 rendered sensitivity towards Cefotaximide (3 mm) to the maximum and 

the bacterial isolates 4 and 5 exhibited least activity with Ampicillin (0.5 mm). The isolated bacterium 1, 

2, 3, 4 and 5 showed resistance towards Pyridoxial hydrochloride, Cyclohexamide and Nystatin27 (Fig. 7). 

According to Khomyakov et al.28 the antimicrobial agents of earthworm’s digestive fluid are formed in 

the earthworm body but not by the soil microorganisms entering their digestive tract. (Fig. 7, Table 3 & 

Graph 2). Nisha et al.29 enumerated the microbial load in earthworm Eudrilus eugeniae injected with 

Salmonella typhi. 

Histopathology study of earthworm Eudrilus eugeniae 
Histopathology analysis was done to study the histological changes happening in the test earthworm. The 

portions of earthworms (head to clitellum) was washed with Nystatin.  In control worm, all the layers 

epidermal, circular muscle and longitudinal cell layers were found healthy without any change. But the 

earthworms washed with Nystatin showed damage in the epidermal and circular muscle layer of the 

earthworm. (Fig. 8). The exposure of the test organisms to sub lethal concentrations of the three 

chemicals resulted in various degrees of histopathological alterations in the clitellum in which the internal 

cells had different levels of disruption such as inflammation of cells, severe lesion, cellular degeneration, 

necrosis, malignancy and endothelial degeneration. This result disagrees with the report of Sharma and 

Satyanarayan30. From the previous reports, Oluah et al.31 studied the toxicity and histopathological effects 

of the herbicide atrazine to the earthworm Nsukka drilusmbae under the laboratory conditions. Nsukka 

drilusmbae were exposed to different concentrations of Atrazine (0.0, 0.4, 0.8, 3.0 and 9.0 mg/kg soil) for 

96 hours and mortality was recorded in every 24 hours. From the results, in addition, sections of the 

worms were made after 96 hours for microscopic examination. There was no mortality in the control 

group but in the experimental groups throughout the study the LC50 of Atrazine after 24, 48, 72 and 96 

hours were 8.60, 7.05, 7.37 and 7.23 respectively. The result of the study confirms that both mortality and 

histopathology data could be used in environmental risk assessment of Atrazine. Jyothi Gnana 

Sundarapriya et al.32 have observed the histopathological changes of gut of Eudrilus eugeniae in 

Leucaena leucocephala.  
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Table 1: Effect of Nystatin antibiotic on the skin surface of Eudrilus eugeniae 

Earthworm washed from head to clitellum with Nystatin 

antibiotic 

 

Time (Minutes) 

Earthworm condition 

(live/dead) 

10 Live 

20 Live 

30 Live 

40 Live 

50 Live 

60 Live 

70 Live 

80 Live 

90 Live 

150 Live 

210 Live 

270 
Tail cut off but earthworm 

alive 

330 Decay 

 
 

Table 2: Effect of different antibiotics on bacterial isolates from exterior of earthworm, Eudrilus eugeniae  
Bacterial 

isolates from 

exterior of 

earthworm 

Zone of inhibition in diameter (mm) 

Control Ampicillin 
Chloram

phenicol 
Pyridoxial Neomycin 

Cyclo 

hexamide 

Cefo 

Taximide 
Nystatin 

01 0 0 2 0 2 0 0 0 

02 0 0 2.5 0 2 0 3 0 

03 0 0 1.5 0 1.5 0 0 0 

04 0 0 1.5 0 1 0 0 0 

05 0 0 1 0 2.5 0 0 0 

0 – Indicates no zone formation. 

 
Table 3: Antibacterial effect of isolates from interior of earthworm, Eudrilus eugeniae 

0 - Indicates no zone formation  

Bacterial isolates 
from interior of 

earthworm 

Zone of inhibition in diameter (mm) 

Control Ampicillin 
Chloram 
phenicol 

Pyridoxial Neomycin 
Cyclo 

hexamide 
Cefo 

Taximide 
Nystatin 

1 0 0 0 0 2 0 2.5 0 

2 0 0 2 0 0 0 3 0 

3 0 0 0 0 1.5 0 2 0 

4 0 0 1.5 0 1 0 1.5 0 

5 0 0.5 1 0 1.5 0 2 0 
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Fig. 1: Indicating the earthworm placed in agar plates incorporated with different antibiotics 

 

 

 

 

 

 

A, B, C, E, F and G: Agar plate incorporated with Neomycin, Chloramphenicol, Ampicillin, Cyclohexamide, 

Cefotaximide and Pyridoxial hydrochloride (live). D: Agar plate incorporated with Nystatin (died). H: Control. 
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Fig. 2: Earthworm placed in compost incorporated with different antibiotics 

 
A, B, C, D, E, F and G: Compost incorporated with Neomycin, Chloramphenicol, Ampicillin, Cyclohexamide, 

Cefotaximide, Nystatin and Pyridoxial hydrochloride (live). 
 

Fig. 3: Nystatin activity in earthworm, Eudrilus eugeniae 

 
A: Earthworm washed from head to tail (died). 
B: Earthworm washed only in tail portion (tail cut off but earthworm alive). 
C: Earthworm washed at head (died). 
D: Earthworm washed at clitellum to tail (died).  
E: Control. 
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Fig. 4: Earthworm washed with Nystatin antibiotic (head to clitellum) 

 
 
 

 
 

In 10-210 minutes: Earthworm remained alive, In 270 minutes: Earthworm tail was cut but still found alive, After 
330 minutes: The earthworm  started to decay,  Control: Earthworm alive 
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Fig. 5: Nystatin antibiotics injected into the clitellum of the earthworm 

 

 

A, B, C, D and E: Earthworm injected at clitellum in different volumes (0.25µl, 0.50µl, 1µl, 2µl and 3µl) 
(Live). F: Control. 

 
 

Fig. 6: Antibacterial effect of isolates from exterior of earthworm 

 
A: Ampicillin, B: Chloramphenicol, C: Pyridoxial, D: Neomycin, E: Cyclohexamide, 

F: Cefotaximide, G:  Control 
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A: Nystatin, B: Control 
 
 
 

Fig. 7: Antibacterial effect of isolates from interior of earthworm, Eudrilus eugeniae 

 

 

 
A: Ampicillin, B: Chloramphenicol, C: Neomycin, D: Cefotaximide, E: Cyclohexamide, 

F: Pyridoxial, G: Control 
 
 
 
 



Copyright © April, 2015; IJPAB                                                     252 

 

Umamaheswari, S. et al                    Int. J. Pure App. Biosci. 3 (2): 241-255 (2015)                     ISSN: 2320 – 7051 

 
 

 
 

A: Nystatin, B: Water 

 
 

Fig. 8: Histopathology studies of earthworm, Eudrilus eugeniae 

 
A: Normal tissue section of earthworm, B: Nystatin washed earthworm (head to clitellum) showing skin damage. 

(EL: Epidermal layer, CML: Circular muscle layer, LCL: Longitudinal cell layer) 
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Graph 1: Effect of different antibiotics on bacterial isolates from earthworm exterior 

 

 

Graph 2: Antibacterial effect of isolates from interior of earthworm, Eudrilus eugeniae       

 
 

CONCLUSION 
It could be finally concluded that the earthworms on subjection to adverse conditions showed damage 

especially in the epidermal and circular muscle layer. The exact reason for the death of the earthworm 

with its tail amputated is yet to be researched. 
 

REFERENCES 
1. Rombke, J. and Garcia, M. Assessment of ecotoxicological effects of pesticides on the soil fauna and 

soil processes under tropical conditions. Achievements and Prospects of Cooperative Research., 3-8 

(2000) 

2. Hossam El-Din Mohamed Omar, Zedan, Z. Ibraheim, Nasser, A. El-Shimy, Rouwaida, S. Ali. Anti-

inflammatory, antipyretic and antioxidant activities of the earthworms extract. J. Biol. Earth Science., 

2:1 (2012) 

3. Prakash, M. Gunasekaran, G. Gastroprotective effect of earthworm paste (Lampito mauritii, Kinberg) 

on experimental gastric ulcer in rats. Eur. Rev. Med. Pharmacol. Science., 14(3): 171-176 (2010) 

0

0.5

1

1.5

2

2.5

3

3.5

Bacteria exterior 1

Bacteria exterior 2

Bacteria exterior 3

Bacteria exterior 4

Bacteria exterior 5

0

0.5

1

1.5

2

2.5

3

3.5

Bacteria interior 1

Bacteria interior 2

Bacteria interior 3

Bacteria interior 4



Copyright © April, 2015; IJPAB                                                     254 

 

Umamaheswari, S. et al                    Int. J. Pure App. Biosci. 3 (2): 241-255 (2015)                     ISSN: 2320 – 7051 

4. Shagoti, U.M. Analysis of developmental rates and body size in earthworms. Heredity., 80: 29-40 
(1985) 

5. Segun, A.O. Tropical Zoology 2nd edition. University Press, Ibadan., pp 283 (1998)  
6. Viljoen, S.A. and Reinecke, A.J. The temperature requirements of epigeic earthworm species 

Eudrilus eugeniae (Oligochaete); a laboratory study. Soil. Biol. Biochem., 24: 1345 -1350 (1992)  
7. Rodriguez, A.C. and Lapeire, I.R. Increase in weight, length and number of segments of Eudrilus 

eugeniae (Oligochaeta: Eudrilidae) at 24οC. Rev. Biol., 6: 215 – 221 (1992)  
8. Pirrone, S. The earthworm baits market in North America. Heredity., 59: 1019 – 1029 (1985)  
9. Marcin, M. Grzybowski, Henryka Dlugonska. Natural microbiota in viral and helminth infections. 

The role of natural microbiota in a vaccine induced immunity. Annals of Parasitology., 58(3): 157-
160 (2012)  

10. Yasmine Belkaid, and Timothy, W. Hand. Role of the microbiota in immunity and inflammation., 
(2014) 

11. Wenli Li, Chong Wang, Zhenjun Sun. Vermipharmaceuticals and active proteins isolated from 
earthworms, Pedobiologia., 54S: S49-S56 (2011) 

12. Bauer, A.W. Kirby, W.M.M. Sherries, J.C. Tuck, M. Antibiotic susceptibility testing by a 
standardized disc diffusion method. Am. J. Clin. Pathol., 45: 493-496 (1966) 

13. Salokhe, S.G. Sonawane, H.V. Deshpande, S.G. Laboratory evaluations of Fipronil on biological, 
parameters gut microflora and physiology of Eudrilus eugeniae. International Journal of Scientific 
and Research Publications., Vol.4 (2014) 

14. Satyawati Sharma, Edwards, Clive, A. Bohlen, P.J. Biology and Ecology of Earthworms., (2005) 
15. Reinecke, A.J. Reinecke, S.A. Lambrechts, H. Uptake and toxicity of copper and zinc for the African 

earthworm, Eudrilus eugeniae (Oligochaeta)., 24: 27-31 (997) 
16. Hrushikesh, N. Mohan Krishna, V. Sreehari, K. Aravind Kumar, T. Vidyavathi, N. Pallavi, A. 

Tolerance effect of phenol on survival of three species of earthworm. International Journal of 
Applied Sciences and Engineering Research., 1:2 (2012)  

17. Jinge Chun Tang, Min Wang, Feiwang, Qing san, Qixing Zhou. Ecotoxicity of petroleum 
hydrocarbon contaminated soil. Journal of Environmental Sciences., 23(5): 845-851 (2011) 

18. Janeck, J. Scott-Fordsmand, Jasmon, M. Weeks, and Stephen, P. Hopkin. Toxicity of nickel to the 
earthworm and the applicability of the neutral red retension assay. Ecotoxicology., 7: 291-295 (1998) 

19. Otitoloju, Adebayo, A. Stress indicators in earthworms Eudrilus eugeniae inhabiting a crude oil 
contaminated ecosystem., 2(1): 1-5 (2005) 

20. Bhorgin, A.J. and Uma, K. Antimicrobial activity of earthworm powder (Lampito marutii). 
International Journal of current Microbiology and Applied Sciences., 3(1): 437-443 (2014) 

21. Vasanthi, K. Chairman, K. and Ranjith Singh, A.J.A. Antimicrobial activity of earthworm (Eudrilus 
eugeniae) paste. African Journal of Environmental Science and Technology., 7(8): 789-793 (2013) 

22. Humason,  G.L. Animal tissue techniques 4th edition, W.H.Freeman and co., San Francisco., pp 661  
(1979) 

23. Annapoorani, C.A. Toxic effect of aluminium on reproduction on survival of Eudrilus eugeniae 
(Kinberg) on leaf litter. International Journal of current Microbiology and Applied Sciences., 3(5): 
493-500 (2014) 

24. Vijayan, T.M. Sushil Kumar Middha, Talambedu Usha, Aruna, H.K. Bharathi, R.  Deepti Saini, and 
Govindaraj, G. Morphological and histological studies on the vermicomposting indian earthworm 
Eudrilus eugeniae. World Journal of Zoology., 7(2): 165-170 (2012) 

25. Oboh, B.O. Adeyinka, V. Awonuga, S. and Akinola, M.O. Impact of soil types and petroleum 
effluents on the earthworm, Eudrilus eugeniae. Journal of Environmental Biology., 28(2): 209-212 
(2007) 

26. Esakkiammal, B. and Lakshmibai, L. Enumeration of bacterial population in the gut region of 
Eudrilus eugeniae. International Journal of current Microbiology and Applied Sciences., 2(5): 267-
270 (2013) 



Copyright © April, 2015; IJPAB                                                     255 

 

Umamaheswari, S. et al                    Int. J. Pure App. Biosci. 3 (2): 241-255 (2015)                     ISSN: 2320 – 7051 

27. Balamurugan, M. Parthasarathi, K. Cooper, E.L. Ranganathan, L.S. Anti-inflammatory and anti-
pyretic activities of earthworm extract-Lampito mauritii (Kinberg). J. Ethnopharmacol., 121(2): 330-
332 (2009) 

28. Khomyakov, Shobha, S.V. Kale, R. Antimicrobial potency of earthworm, Eudrilus eugeniae on 
certain plant pathogens., (2007) 

29. Nisha, j. and Umamaheswari,  S.  Innate immune responseof Eudrilus eugeniae to Gram-negative 
microbes. M.Sc. Thesis, Manonmaniam Sundaranar  University,  Tirunelveli.,  pp 31 (2013)  

30. Sharma, V. J. and Satyanarayan, S. Effects of selected heavy metals on the histopathology of different 
tissues of earthworm   Eudrilus eugeniae. Environmental Monitoring and Assessment., 180: 257-267 
(2011) 

31. Oluah, Ndubuisi Stanley, Obiezue, Rose Nduka Nwanyoluaru, Ochulor Amarachi Joy, Onuoha, 
Edwin. Toxicity and histopathological effect of atrazine (herbicide) on the earthworm Nsukkadrilus 
mbae under laboratory conditions. Animal Research International., 7(3): 1287-1293 (2010) 

32. Jyothi Gnana Sundarapriya, A. and Umamaheswari, S. Physical, microbial  and  hiatopathological 
perspectives of Eudrilus eugeniae  (Kinberg) in Leucaena leucocephala. M.Sc. Thesis, Manonmaniam 
Sundaranar University, Tirunelveli., pp 30 (2008) 

  


