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ABSTRACT

As earlier reported that the defense system ofheamtm is found in their coelomic fluid. Differentopeins and
peptides (lysozyme and fetidins) have been isolatedifferent species of earthworm, responsible toeir
antibacterial activity. Antibacterial & antifungaactivities of the whole tissue extract of earthwprBudrilus
eugeniae was tested using well diffusion methooke Bpecies were selected for antimicrobial screggaimd two for
antifungal screening. The bacterial cultures weraintained on nutrient agar slant and the fungalagsis were
maintained on Sabouraud dextrose agar slant at 48CGwell as at -20°C by making glycerol stocks. BEadrm
paste at a dose of 10mg/ml was able to inhibit gh@wvth of bacteria. Among nine bacterial isolatedyofive
species responded to earthworm extract. Maximumbacterial activity was found with gram negative
Pseudomonas aeruginosa (29 + 1mm), which was alsioslar to the standard antibiotic Streptomycif9(5+0.5
mm), Minimum antibacterial activity 21.5+1.5 mmswabtained with the gram positive Staphylococauzas.
Earthworm extract didn't not express any inhibitiamn Streptococcus pyrogenes, Enterococcus faecalis,
Enterobacter aerogenes and Escherichia coli. Nafamgal activity was observed against Candida alois and
Aspergillus niger. Total concentration of proteimasvfound 70 mg/100 gm. Thus these results cleadigates that
the earthworm tissue extract have good antibactgrential and the bioactive compounds to inhib& growth of
bacteria.
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INTRODUCTION

Earthworm increases the soil fertility and is ofteferred to as “farmer’s friend” or soil engineeEarthworm has
been recognized in oriental medicine as anti-inftaatory, analgesic and antipyretic agent [1-3].nH@ 700 million
years of existence, earthworms have evolved inetmaronment replete with microorganisms, some ofctvh
threatening their existence. To survive themseinesich an environment, earthworms possess hurasrelell as
cellular immune system against these microorganifratense system of earthworm is found in theil@oéc fluid
[4]. Different proteins and peptides (lysozyme afetidins) have been discovered in different spece®
responsible for their antibacterial activity [5&6].

EarthwormPerionyx excavatesontains amazing antimicrobial activity due toittHiegh protein, nitrogen and fat
content [7]. Cheet al. (1998) identified the first antimicrobial pepti@embricin 1) from the earthworrhumbricus
rubellus Lumbricin | is considered as a proline-rich antirabial peptide containing 62 amino acids inclggin
proline (15%) with a molecular weight of 7231 D&]. [Lumbricin | showed antimicrobial activiip-vitro against a
broad spectrum of microorganisms without hemolgtitivity [9]. The gut extracts of earthworms hawilzacterial
and antifungal activity [9]. In 2003, War al. isolated PP1 and OEP 3121(antibacterial peptide) farthworms
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Pheretima tschiliensiandE. foetidarespectively [10]. Balamurugaat al. (2008) found that earthworm coelomic
fluid contains biologically active molecules andikecytes that participate in phagocytosis, encapism and
killing of HeLa, HEp-2, PC-12 and PA317 cailisvitro [2]. Presumably, earthworms synthesize and sessateral
effective modulators of innate immune responses sscantibacterial molecules, cytotoxic proteind aytokines.
Increasing burden of antimicrobial resistance inically relevant bacteria is an emerging threauad the world.
Discovery of new generation antibiotic is challengitask for the researchers as bacteria startingsisoon after
introduction of the antibiotics. Furthermore newdengs are less available and more expensive faures poor
communities.Antimicrobial potency ofEudrilus eugeniaeextracts on certain plant pathogens were also esfudi
[11]. Hence, in the present study the paste prepfamen the earthwornkEudrilus eugeniaavas tested for total
protein content and antimicrobial & antifungal putel.

EXPERIMENTAL SECTION

2.1 Procurement of Materials:

All essential chemicals were procured from Hi-Me@®&L, Qualigens and Sigma Aldrich, U.S.A. and the&ye of
high quality (AR grade). The glass wares used wér€orning, Borocil etc., Plastic wares of Tarsams micro-
pipettes of CE, Qualigens. Cattle dung required viermicomposting was obtained from Buffalo Dairyrifa,
Gwalior (M. P.) India.

2.2 Standardization of Techniques:
All the techniques used in the present study wiese dtandardized in preliminary experiments in ethiearthworm
extract was found to be positive for different paeders of bioogical activities selected.

2.3 Procurement and M aintenance of Animals:

Adult Wistar rats of requisite weight range usediififerent experiments were procured from Defenesdrch and
Development Establishment (DRDE), Gwalior, Indidey were maintained in animal house facility of &hof
Studies in Zoology of Jiwaji University, Gwalior der standard conditions (25%2, 55-60% RH and 12:12 hour
light and dark cycling) and they were provided w#tandard laboratory rat feed pellets (Ashirvadubtries,
Chandigarh, India) and watead libitum All experimental protocols and procedures wereaatordance of
institutional regulations and national criteria fanimal experimentation and due approval was tdkem the
Institution Animal Ethics Committee.

Fig. 1: Vermicomposting hut at Vermicomposting Centre, Charak Udyan, Jiwaji University, Gwalior
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Fig. 2: Large size vermin-tank used for mother culture of Eudrilus eugeniae at Ver micomposting Centre, Charak Udyan, Jiwaji
University, Gwalior

2.4 Culture and M aintenance of Eudrilus eugeniae:

Adult earthwormsEudrilus eugenia¢Annelida: Oligochaeta:Lumbricidae) were procufiedn the mother culture
maintained in a large sized vermi-tank at Vermicostimg Center, located in Charak Udyan, Jiwaji @nsity,
Gwalior, (M. P.), India (Figs. 1& 2). The earthwoulture was maintained in a mixture of plant leawed cattle
dung (standard medium).

2.5 Preparation of Earthworm Extract:

Earthworm extract was prepared accordinglteenjaket al. (1992) [12] with some modifications. Sexually nratu
clitellate worms (1.345 gm/worm approx.), collecfeaim the stock culture, were thoroughly washedeurrdnning
tap water to remove dung, debris etc. attachecheim body surface. Then the worms were kept in %.6%aCl
solution, at room temperature for two hours for ogal of cast from the body. The solution of NaClsw#nanged
after every hour. After two hours, NaCl solutionsadiscarded and the animals were transferred lass ¢gray. Tray
was covered tightly by a cotton cloth through whaih can penetrate. Earthworms were then left agatrfor
maximum release of cast from their body. Worms vikem minced with a pair of scissors. Three grafmaiaced
earthworm tissue was weighed and was mixed witmk6f chloroform-methanol (V/V) solution. The mixeuwas
then homogenized and kept diC4overnight. The very next day, 16 ml of distillechter was added to the
homogenate. It was mixed and centrifuged at 50001 R#? 10 min. to obtain three clearly differentidtiayers. The
upper water - methanol layer was pipetted out aagerated at 3T in a water bath until brown colored paste was
obtained. It was stored in Eppendorff (micro-céage) tubes and kept at <20 for further use.

2.6. Antimicrobial Activity of Earthworm Extract

Antimicrobial activity of earthworm extract was dad out by using well diffusion method of Shobhad &Kale
(2008) [13]. The test was conducted in duplicateefach isolate and the results were included mghidy only for
those which were showing same resistant patteboth the plates. The following reagents are us¥d ®MSO,
Muller Hinton agar, Nutrient Agar, Nutrient BrotHi¢tMedia), Earthworm Extract (10mg/ml), Barium Chitte (for
McFarland standard), Sulfuric Acid (for McFarlartdredard), Antibiogram Scale (Hi-Media), Sabouraukifose
Agar (Hi-Media), Sabouraud Dextrose Broth (Hi-Mé&diatreptomycin (0.0125mg/ml) and Fluconazole (5miy/

2.7 Maintenance of Bacterial Cultures:

Bacterial isolates related to skin and wound infest were obtained from Institute of Microbial Teology
(IMTECH), Chandigarh, India. The reference straifhbacteria were cultured per week basis in roubagic media
i.e., nutrient broth (Hi- Media) and incubated at 37%C 24 hours. They were revived and stored in notrégar

30



Chauhan, P. S. et al J. Chem. Pharm. Res., 2014, 6(8):28-38

slants at 4°C as well as at -20°C by making glylcetocks. Different bacterial isolates, which wersed for
antibacterial activity, are as follows:

Gram positive Bacteria: Staphylococcus aureu$MTCC 87), Staphylococcus epidermidifMTCC 435),
Enterococcus faecal@TCC 439),Streptococcus pyogen@dTCC 442).

Gram negative Bacteria: Escherichia col(MTCC 118) Proteus mirabiliSgMTCC 425),Proteus vulgarigMTCC
426),Pseudomonas aerugino@elTCC 424),Enterobacter aerogengMTCC 2822).

(B) Preparation of Inoculum by Growth method:

According to this method few similar colonies weedected from an agar slant culture. Loop was &dicin top of the
selected colony and adhered bacteria were traadférto a tube containing 4 to 5 ml of nutrienttbrmedium. The
culture was allowed to develop at°85until it achieved or exceeded the turbidity e h5 McFarland standard (usually
2 to 6 hours). The turbidity of the broth cultur@svadjusted with sterile saline or broth, which wasically or
photometrically comparable to the 0.5 McFarlandiddad. At this turbidity the culture concentratismearly equal to
1x10 CFU/m.

(C) Methodology:

Muller Hinton agar (MHA) plates were used to ev&uantibacterial activity. After pouring media pettates (90
mm) were kept at 3T for 24 hours for sterility checking. After assgisterility, wells (6mm diameter X 7mm
depth) were made through gel borer, which could 0856 ml of sample. Then 0.02 ml suspension gbeetve
bacterial culture was spread on the MHA surfacengvand left plate for drying. After drying, 0.05| of each
sampleviz. earthworm extract (10mg/ml), standard antibiotiegomycin (positive control 0.0125mg/ml) and 30%
DMSO (diluent of earthworm extract and as negatweatrol) were poured in different wells on a pgtiate and
kept it at 37C for 16 to 18 hours for measuring antibacteridivitg. After incubation, diameters of the zones of
complete inhibition (as judged by the unaided eyere measured including the diameter of the wellsguAntibiogram
scale. Clear inhibition zones around the wellsdatiid the presence of antibacterial activity.

2.7. Antifungal Activity:
For determination of antifungal activity of earthwoextract,Candida albicansand Aspergillus nigemwereused as
test organisms.

(A) Maintenance of Fungal Culture and Preparation of Inoculum:

The desired species of fungus was cultured usimdasi procedure, as was used for the culture ofdvac The only
difference was use of sabouraud dextrose agar (3p)ace of nutrient agar for slant preparatiod aabouraud
dextrose broth (SDB) was used for inoculum preparatA satisfactory culture was obtained in 3 talays after
inoculation as indicated by turbidity of the cudtur

(B) M ethodology:

Same procedure, as for antibacterial activity, esaployed for determination of antifungal activitytbn this case
standard antibiotic Fluconazole (5mg/ml) was use@asitive control and fungal plates were incubate@dC for
72 hours. Clear inhibition zones around the weltidated the presence of antifungal activity

3.0 Total Protein Assay (Bradford, 1976) [14]:

Procedure: Total protein content of earthworm extract wasedatned with the help of spectrophotometer using
Bradford (1976) method. To 0.1 ml of the samplen@/ml), 0.9 ml of PBS (0.1 molar, pH 7.5) was adtiedhe
test tube. Now, 3 ml of the dye (CBB G-250) reageas mixed. For preparation of the stock reageft h@ of
CBB G-250 was dissolved in a mixture of 50 ml o#®@8&thanol and 100 ml of Ortho-phosphoric acid dahtthe
volume was made to 200 ml by adding distilled wat@orking reagent was prepared by adding 1 ml eflstdye
with 4 ml of distilled water. The reaction mixturegere kept for 20 minutes at room temperature et the
optical density was measured at 595 nm in a spaubtometer (SYSTRONICS, INDIA). The blank test tube
included 1 ml PBS and 3 ml of Dye. In standard girotknown) test tube, 0.1-1ml of bovine serum aibu(BSA)
solution (10%) was taken. The concentration of giroin unknown samples was calculated with the lodl@
standard graph of optical density versus concedotrsit plotted using ten serial concentrations oARBS samples.
Sample (earthworm extract) was taken in triplicate.

4. Results of Antimicrobial Activity:

In this study nine isolates of both gram positi8eéaphylococcus aureus, Staphylococcus epidern8tlisptococcus
pyogenes, Enterococcus faecpisd gram negativd’(oteus vulgaris, Pseudomonas aeruginosa, Protearebitis,
Escherichia coli, Enterobacter aerogehéacultative anaerobic, aerobic and some nosodguaitiogenic bacteria

31



Chauhan, P. S. et al J. Chem. Pharm. Res., 2014, 6(8):28-38

(Fig.3 —Fig. 10) and two species of pathogenic &lirsgrain Candida albicansaandAspergillus niger were used to
evaluate antimicrobial activity of earthworm extratEudrilus eugeniae

Antibacterial potency of earthworm extract was aagtd in duplicate by measurement of zone of itibibion
MHA plate after 16-18 hours incubation a®@7y well-diffusion method and photographed (Fig.8). The results

are tabulated in following manner:-

Table (1): Determination of Antibacterial activity by well-diffusion method

Diameter of zone of inhibition (mm)
S.No. Bacterial Species MTCC Culture No. EW Extract Streptomycin
(10mg/ml) (0.0125mg/ml)

1 Staphylococcus aureus 87 21.5+15 31 +1

2 Pseudomonas aeruginosa 424 29+1 29.5+0.5

3 Proteus mirabilis 425 23+1 26.5+1.5

4 Proteus vulgaris 426 24 +1 31+1

5 Staphylococcus epidermid 435 24+3 26+2

6 Streptococcus pyrogenes 442 - 23+1

7 Enterococcus faecalis 439 - 351

8 Enterobacter aerogenes 2822 - 21+1

9 Escherichia coli 118 - 335+05

Results are expressed as Mean + SE of two obsensatif each isolate (n=2)

Among the nine bacterial isolates only five specasponded to earthworm extract. Maximum antib&dtactivity

29 +1 mm was found with gram negativeeudomonas aerugingsahich was almost similar (29.5+0.5 mm) to the
standard antibiotic Streptomycin(Fig .4). Minimumtibacterial activity 21.5+1.5 mm was obtained wtile case of
gram positiveStaphylococcus aure{lsg .4). Isolates oProteus mirabilisshowed zone of inhibition of 23+1 mm,
while another species of thiBroteus genus Proteus vulgariswere inhibited at 24+1 mmStaphylococcus
epidermidisstrain was also exhibited same inhibition vaige 24+3 mm as shown bRroteus vulgarisstrain.
Earthworm extract didn’t not express any inhibitieffiect on remaining four strain of bactevia. Streptococcus
pyrogenesEnterococcus faecalis, Enterobacter aerogesneEscherichia coli

Fig.(3): Antibacterial activity of Earthworm extract (10mg/ml) and antibiotic Streptomycin against Staphyl ococcus aureus. n=2
DM SO (Dimethyl Sulphoxide 30%): Negative control
Results were expressed as MeantSE
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Fig.(4): Antibacterial activity of Earthworm extract (10mg/ml) and antibiotic Streptomycin against Pseudomonas aeruginosa. n=2
DM SO (Dimethyl Sulphoxide 30%): Negative control
Results were expressed as MeantSE

Fig.(5): Antibacterial activity of Earthworm extract (10mg/ml) and antibiotic Streptomycin against Enterobacter aerogenes. n=2
DM SO (Dimethyl Sulphoxide 30%): Negative control
Results were expressed as MeantSE
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Fig.(6): Antibacterial activity of Earthworm extract (10mg/ml) and antibiotic Streptomycin against Enterococcus faecalis. n=2
DM SO (Dimethyl Sulphoxide 30%): Negative control
Results were expressed as MeantSE

Fig.(7): Antibacterial activity of Earthworm extract (10mg/ml) and antibiotic Streptomycin against Proteus mirabilis. n=2
DM SO (Dimethyl Sulphoxide 30%): Negative control
Results were expressed as MeantSE
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Fig.(8): Antibacterial activity of Earthworm extract (10mg/ml) and antibiotic Streptomycin against Escherichia coli. n=2
DM SO (Dimethyl Sulphoxide 30%): Negative control
Results were expressed as MeantSE

Fig.(9): Antibacterial activity of Earthworm extract (10mg/ml) and antibiotic Streptomycin against Streptococcus pyrogenes. n=2
DM SO (Dimethyl Sulphoxide 30%): Negative control
Results were expressed as MeantSE
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Fig.(10): Antibacterial activity of Earthworm extract (10mg/ml) and antibiotic Streptomycin against Staphylococcus epidermidis. n=2
DM SO (Dimethyl Sulphoxide 30%): Negative control
Results were expressed as MeantSE

4.2 Results of Anti-fungal Activity:

As with antibacterial activity, anti-fungal actiyitwas also evaluated in duplicate by measuremerzoot of
inhibition on SDA plate after 48 hours incubatidar8C by well-diffusion method and photographed (Fig&liR).
The results are tabulated in following manner:-

Table 2): Determination of Antifungal activity by well-diffusion method

_ MTCC Diameter of zone of inhibition (mm)
S.No. | Fungal Species Culture No EW Extract Fluconazole
) (10mg/ml) (5mg/ml)
1 Candida albicans 3017 - 17.0+0.35
2 Aspergillus niger 8189 - 17.5+0.50

Results are expressed as Mean * SE of two obsensatif each organism (n=2)

Results of antifungal activity of earthworm extrabbwed that it was not able to inhibit fungal istsa

Fig.(11): Antifungal activity of Earthwor m extract (10mg/ml) and antibiotic Fluconazole (5mg/ml) against Aspergillus niger. n=2
DM SO (Dimethyl Sulphoxide 30%): Negative control
Results were expressed as MeantSE
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Fig.(12): Antifungal activity of Earthworm extract (10mg/ml) and antibiotic Fluconazole (5mg/ml) against Aspergillus niger. n=2
DM SO (Dimethyl Sulphoxide 30%): Negative control
Results were expressed as MeantSE

DISCUSSION

Earthworms kill microorganism by recognizing consel molecular patterns (lipopolysaccharides (LP8) o
peptidoglycans from bacterial cell wals1, 3-glucan of fungal cell walls and double streahdRNA of viruses) on
pathogen’s body surface. Recognition of molecutasféreign material has been named as pattern-rétog
proteins (PRPs) [15] because the host’'s primitiffecéer cells would recognize molecular patternthea than
particular structures of the invading microorgarss®When bacteria invade into the coelomic cavitgafthworm,
the coelomocytes starts to connect with each dihe¢heir adhesive structures around the bactedaf@m “brown
bodies” [3]. At the same time the coelomocytes nieieely synthesize and secrete proteins that adtteithe
bacteria, forming aggregations and may inhibitrthierther proliferation. These proteins attach he tectin like
monosaccharide of the cellular membrane of theebactDifferent proteins and peptides of differaepecies of
earthworms have been extensively studied and diffemechanisms of actions have been proposed Hiice, it
is very difficult to define which molecule and meeiism of coelomic fluid or extract of earthwormsésponsible
for its antibacterial activity.

In the present study, antimicrobial activity of tharorm extract was investigated using some spefiégngi and
bacteria. No antifungal activity could be demortsitla but significant antibacterial activity to @art bacteria was
noticed. While the other bacterial remained unéd.

Out of eight bacterial isolates only four of thegram positive Staphylococcus aureuand Staphylococcus
epidermidis,gram negativéroteus mirabilisandPseudomonas aeruginoseere suppressed by earthworm extract.
No inhibitory effect was observed on remaining fatmain of bacteriaiz. Streptococcus pyrogendsnterococcus
faecalis, Enterobacter aerogenasdEscherichia coli Here the explanation given by Valembetsal. (1982) may
be valid; earthworms have evolved specific antibaak activity against the bacteria that are posdtlireat to them.
In the present study earthworudrilus eugeniaextract showed a strong significant antimicrolaativity. The
results revealed that extract Budrilus eugeniaesshowed maximum antibacterial activity with gram e
Pseudomonas aeruginoda.showed 29+1 mm diameter of zone of inhibitishich was almost similar (29.5+0.5
mm) to the standard antibiotic streptomycin whilenimum antibacterial activity of extract &&. eugeniaevas
obtained with gram positivéstaphylococcus aurewsith the inhibiotion zone of 21.5£1.5 mm. Resulfspoesent
study are in agreement of the findings of Prakash @unasekaran, (2011) [17]. They found that th¢hemrm
powder of two specied &mpito maurtiiandPerionyx excavat)showed a strong antibacterial activity against th
S. aureusP. mirabilis,andP. aeruginosaFindings of this study are also evidenced by HafiiL4), he has reported
that the coelomic fluid of earthwornRolypheretima elongataxhibited highest antibacterial activity against
Staphylococcus aureyd8]. Khomyakov et al. (2007) [19] suggested that antimicrobial agentseafthworms
digestive fluid are formed in the earthworm body hot by the soil microorganisms entering theiredigyve tract.

The extract ofE. eugeniaeis showing highest antibacterial activity agaifstaeruginosaand failed to show
antibacterial activity withe. coli. Results of present study are in agreement ofdgagset al. (1989) [20], who had
observed that coelomic fluid of Ebetida andreiwere failed to show antibacterial activity agaiAstnetobacter sp.
andE. coli. Wanget al., (2007) reported a group of short peptides (AVRB)nf E. foetida which were failed to
inhibit growth of Ecoli andCandida albicansand showed maximum activity againstaRruginosa Our results are
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supported by Wangt al., (2007). In the present studi eugeniae extact didn’t show any antifungal acteitjl1].
Prakash (2013) [17] reported that earthworm powedas used against various ailments in indigenoutesy®f
medicine which was found to be fruitful against rmmrganisms.

According to the results, it can be concluded #adtact of Eudrilus eugeniaecan be used to formulate a new
natural antimicrobial product for controlling infean of multidrug resistant bacteria where treatminvery
difficult as the drug of choice for treating infext doesn’t work. The present study reported thathevorms can be
used not only in environmental monitoring but alsahe acquisition of novel molecules for humanrépeutic
purposes. This study may thus lead to formulatiomeav natural antimicrobial agent and thus may tbhaneficial

in future prospects for mankind.
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