


BACTERICIDAL ACTIVITY OF EARTHWORM EXTRACT AND COELOMIC FLUID OF Perionyx excavatus AND ANALYSIS OF BIOACTIVE COMPOUNDS IN EARTHWORM EXTRACT 


ABSTRACT	Comment by DELL:  No numerical values in the abstract to define the results.
 Statistical significance should be mentioned.

Earthworms are soil-dwelling organisms that interact with a wide range of microbes and evolve with efficacious innate immune response. Their immune system flourished with leukocytes and humoral immune responses. The coelomic fluid of earthworms is sophisticated with lysozyme and antimicrobial peptides that act as antibacterial agents. Due to the proliferation of microorganisms resistant to drugs. The search for novel bactericidal compounds is essential. Earthworms are inexpensive and non-ethical species that can be used as cheap antimicrobial drugs. In this present investigation, the antibacterial effect of earthworm extract and coelomic fluid from Perionyx excavatus against Escherichia coli was determinedby measuring the diameter of zone of inhibition. Escherichia coli have showed a higher level of resistance to both coelomic fluid and earthworm extract. It was determined that Perionyx excavatus earthworm extract was more effective than its coelomic fluid. Hence, bioactive compounds present in Perionyx excavatusearthworm extract were detected using GC-MS analysis. It revealed that bioactive compounds were present in Perionyx excavates earthworm extract responsible for it’sits bactericidal activity. From the study, it is evident that the earthworm extracts possess antibacterial properties against Escherichia coli.	Comment by DELL: Incomplete sentence 	Comment by DELL: Need some data to clarity. 
Keywords. Coelomic fluid, Coelomic fluid, Earthworm extract, Perionyx excavates, Escherichia coli. 	Comment by DELL: Wrong spellings, It is a scientific name. 	Comment by DELL: Scientific name 







INTRODUCTION
Perionyx excavatus is an earthworm found commonly over a large area of tropical Asia although it has been transported to Europe and North America. This is an epigeic species which lives in organic wastes, and high moisture contents and adequate amounts of suitable organic material are required for populations to become fully established and for them to process organic wastes efficiently (Edwards et al., 1998).
They are negatively phototactic, soft bodied, true coelomates and saprophytic organisms.They have also been living with the aid of their defensive mechanism since long time during the course of evolution and always face the invasion of microorganisms in their environment. Such studies have been continued for more than 50 years and then confirmed that earthworms have developed both humoral and cellular immunity mechanisms to fight against pathogenic microorganisms. Many invertebrates exhibit various immune mechanisms against different pathogens. Likewise, earthworm also prevails coelomocytes located in the coelomic fluid is responsible for both innate cellular immune functions such as phagocytosis and encapsulation against pathogenic microorganisms and humoral components includes lectin, preforming proteins, phenoloxidases and proteases nullifies antigenic material by agglutination and cytotoxicity etc (Patil andBiradar, 2017).	Comment by DELL: Sentence is too long and lack of clarity.
Earthworms have been used in medicine for various remedies since 1340 AD. They have been recognized in oriental medicine as anti-inflammatory, analgesic and antipyretic agent. It shows anticancer effect by preventing excess glucose uptake. Microorganisms are known to play a major role in soil characteristics, invertebrates are believed to act as regulators of antimicrobial activity. They live in an environment filled with various kinds of pathogens that have favoured the development of efficient defence mechanisms against various environmental pathogens during the course of evolution, including the production of certain microbiological substances, especially active proteins and enzymes. Their surface excreta were found to have potent antimicrobial activity. It is also having anti-coagulator or fibrinolytic activity which results in the facilitation of blood circulation (Vasanthi et al., 2013)37.Earthworm surface excreta were found to have potent antimicrobial activity. Their successful survival is supported by efficient innate immune mechanisms based on cellular activities of coelomocytes and humoral immune proteins, both components of the earthworm coelomic fluid. The bacteriolytic substances include fetidins (which have serine proteases and promote clots), lysenins, lumbric, coelomic cytolytic factor (CCF-1) and erythrocytolytic proteins. Some of these agents have been tested for antineoplastic potential. One substance like eisenin destroys human neoplastic cells from several human cancer cell lines (Bhorginand Uma, 2014)6.Many tribes and people in remote villages in India are known to use earthworms to treat various kinds of ailments. Traditional medicine practitioners in Tamilnadu (India) use the earthworm, in its decoction form, to treat fever, stomach pain, neck pain, neural disorders and digestive disorders (Bansal et al., 2015).
The present study is aimed todetermine the antibacterial effect of earthworm extract and coelomic fluid from Perionyx excavatus against Escherichia coli. Bioactive compounds present in Perionyx excavatusearthworm extract were also detected using GC-MS analysis.
MATERIALS AND METHODS
Sample collection
Earthworms are collected by digging up soil with the help of shovel from banana and coconut plantation at Muhavoor village of Rajapalayam town, Virudhunagar district, Tamilnadu. The soil core from the sampling site were dug out upto depth of 25 cm and were screened manually for the presence of earthworm. The earthworms were hand sorted and pooled separately along with some native soil.	Comment by DELL: Please check for the incorrectly written units throughout (spaces, symbols, formatting)
Bacterial strains
For antibacterial activity, Escherichia coliis obtained from microbiology laboratory, Department of Microbiology, AyyaNadar Janaki Ammal College, Sivakasi.
Coelomic fluid collection
In order to prepare coelomic fluid, earthworms are rinsed and cleaned with sterile water to remove dirt from the body surface. They were allowed to clear their guts for 24 hours on moist filter paper in wide and deep plastic tray, covered with polythene paper having pin holes. Earthworms were given cold shock treatment for the collection of coelomic fluid. In this method, a pack of ice cube was put over some worms to give cold shock. The ice cube lowered the temperature of earthworm body surface from 10-15°C that agitated the worm to discharge coelomic fluid which is collected in a beaker. The collected coelomic fluid is then transferred to sterilized test tubes. Collected coelomic fluid is centrifuged at 4500-5000 rpm for 10 minutes to remove debris and impurities. Supernatant is filtered and stored in sterile eppendorf at -18°C (Hussain et al.,2023). Various concentration of coelomic fluid (62.5 µl,125 µl,250 µl,500 µl) were dissolved in 1 ml of ethanol and the inhibitory activity against bacterial isolates is measured. 500µl/ml is represented as 50% concentrated coelomic fluid. 25% concentrated coelomic fluid was prepared by mixing 250 µl of coelomic fluid in 1ml of ethanol.125 µl coelomic fluid mixed with 1ml of ethanol as 12.5% concentrated coelomic fluid. 62.5 µl/ml is represented as 6.25% concentrated coelomic fluid.
[image: ]
Figure 1 - Coelomic fluid collection	Comment by DELL: The figure does not reflects the process of fluid collection. 
Preparation of earthworm extract
Earthworm extracts were made by selecting healthy and mature earthworms. After cleaning with distilled water, and placed on moist blotting paper to remove undigested matter from gut for 24 h.  The earthworms were placed in plastic container which was firmly covered with polythene sheet. After covering, container was exposed to sunlight to kill worms for 3 days. During this period, released coelomic fluid and mucous digested the dead body of worms and formed earthworm body paste having brown colour (Hussain et al.,2023).  Taken different concentration of earthworm paste as 19.5 mg, 37.5 mg, 75 mg and 150 mg dissolve them in 10ml of ethanol and mix them thoroughly by using mortar and pestle. Then placed them in the shaker for 4 hours in a place that was protected by light. Extract was then kept in beaker for one day for evaporation of ethanol. After that it was centrifuged and the supernatant was used for antibacterial activity.150mg/10ml is represented as 50% concentrated coelomic fluid. 25% concentratedcoelomic fluid was prepared by mixing 75mg of coelomic fluidin10ml ofethanol. 37.5 mg coelomic fluid mixed with 10ml of ethanol as 12.5% concentrated coelomic fluid.19.5 mg/10 ml is represented as 6.25% concentrated coelomic fluid	Comment by DELL: h/hrs/hours?	Comment by DELL: Spacing and clarity issue
Antibacterial assay
Antibacterial activity of earthworm extract was carried out by using disk diffusion method. Nutrient agar medium was used. Four disk were filled with different concentrated ethanol extract of earthworm and one disk was filled with ethanol as control (Mathur et al., 2010). The plates were incubated at 370 C for 18 hrs. The antibacterial activity was determined by measuring the diameter of zone of inhibition using measuring scale.	Comment by DELL: Not consistent throughout the text.  hrs/hours 
Sample preparation for GC-MS analysis
Earthworms are dried in the sun for 3 days and then, placed in the oven for about 10 minutes. 300 mg of dried earthworm was taken in mortar and 10 ml ethanol solution was added into it. Mix them thoroughly by using mortar and pestle. Extract was placed in the shaker for 4 hours. Extract was then kept in beaker for one day for evaporation of ethanol. After that it was centrifuged and the supernatant was used for GC-MS analysis.	Comment by DELL: See above comment



RESULTS AND DISCUSSION
Antibacterial effect of earth worm extract from Perionyx excavatus
[bookmark: _Hlk163139638]50% concentrated ethanolic earthworm extract showed the highest antibacterial activity against Escherichia coli with a zone of inhibition measured as 22 mm and 21.65 mm. 25% concentrated ethanolic earthworm extract formed inhibitory zone of about 16.5 mm and 17.2 mm. 13.8 mm and 15 mm zone of inhibition was formed against 12.5% concentrated earthworm extract. Escherichia coli was not inhibited by 6.25% concentrated ethanolic earthworm extract. The mean extract inhibition zone diameter of Escherichia coli in the treatment group was tested using One-Way ANOVA as in Table 1.
[image: ][image: ]
Figure 2 - Inhibitory zone of ethanolic earthworm extract against Escherichia coli

	Concentration of Earthworm extract
	Inhibitory zone of Plate 1 (mm)
	Inhibitory zone of Plate2(mm)
	n
	Mean ± SD 

	P* 


	Control
	0
	0
	2
	0
	

0.017

	50%
	22
	21.3
	2
	21.65± 0.49
	

	25%
	16.5
	17.2
	2
	16.85± 0.49
	

	12.5%
	13.8
	15
	2
	14.40± 0.85
	

	6.25%
	0
	0
	2
	0
	


Table 1 - Inhibitory zone of various concentration of Ethanolic earthworm extract and Analysis with One-Way ANOVA Test; * significant if p < 0.05.	Comment by DELL: Caption placement? Top/ bottom?
Antibacterial effect of earth worm coelomic fluid from Perionyx excavatus
[bookmark: _Hlk162818520][bookmark: _Hlk163140172]50% concentrated coelomic fluid showed maximum inhibition against Escherichia coli and formed zone of 20.5 mm and 21 mm. Escherichia coli was found to be unaffected by 6.25% concentrated coelomic fluid.25% concentrated coelomic fluid shows inhibition zone of15.6mm and 16.2 mm. 12.5% concentrated coelomic fluid formed inhibitory zone of about 14.2 mm and 15 mm against Escherichia coli. The mean extract inhibition zone diameter of Escherichia coli in the treatment group was tested using One-Way ANOVA as in Table 2.
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Figure 3 - Inhibitory zone of earth worm coelomic fluid against Escherichia coli

	Concentrations of Coelomic fluid extract 
	Inhibitory zone of Plate 1 (mm)
	Inhibitory zone of Plate2(mm)
	n
	Mean ± SD 

	P* 


	Control
	0
	0
	2
	0
	

0.0002

	50%
	20.5
	21
	2
	20.75± 0.35
	

	25%
	15.6
	16.2
	2
	15.9± 0.42
	

	12.5%
	14.2
	15
	2
	14.6± 0.57
	

	6.25%
	0
	0
	2
	0
	


Table 2 - Inhibitory zone of various concentration of Coelomic fluid extract and Analysis with One-Way ANOVA Test; * significant if p < 0.05.

Analysis of bioactive compounds in earthworm extract from Perionyx excavatus
The GC-MS chromatogram operated on the principle that the sample was injected into the injector, and it was converted to gaseous form. Helium served as the carrier gas. Gaseous form of sample carried along with helium to the separating column. The stationary phase is the separating column, while the mobile phase is the carrier gas. Chemicals over coated on the stationary phase can interact with the gaseous sample and absorb the compounds in the sample at different points in the column depending on their chemical characteristics. Peak intensity and retention time are only provided by GC. This information was not only sufficient for identifying unfamiliar chemicals. Molecular weight of the sample was provided by Mass Spectrometry. In this way, compounds in the sample were identified. GC-MS analysis of Perionyx excavatus extract with peak intensity and retention time was given in Figure 4.
[image: ]
                     Fig.4. The GC-MS chromatogram for ethanolic earthworm extract
There are 14 physiologically significant compounds identified in the earthworm extract from Perionyx excavates. Among these five of them are having antibacterial activity and tabulated in Table 3. 

	[bookmark: _Hlk162785619]S. No
	Name of the compound
	Chemical formula
	Retention time and Peak area (%)
	Molecular weight (g/mol)
	Function

	1
	n-Hexadecanoic acid
	CH3
(CH2)14COOH
	
12.412 and 17.10
	256.43
	Antioxidant
And antimicrobial

	2
	Tetradecanoic acid
	
C14H28O2
	
12.412 and 17.10
	228.37
	
Flavouring agent

	3
	[bookmark: _Hlk162997357]Cyclohexane1-(cyclohexylmethyl)-4-ethyl- trans-
	
C14H26
	
14.096 and 30.39
	
208.38
	
Antioxidant and anticancer

	4
	Oleic Acid
	C18H34O2
	14.096 and 30.39
	282.46
	
Antibacterial

	5
	[bookmark: _Hlk162997385]Decane4,5-dibromo-
(R*,R*)-
	C10H20	Comment by DELL: Different font size
Br2
	14.096 and 30.39
	[bookmark: _GoBack]300.07
	
No activity reported

	6
	2- Myristynoyl-glycinamide
	
C16H28
N2O2
	14.133 and 21.69
	280.41
	
Antioxidant

	7
	10-Octadecenoic acid, methyl ester
	
C19H3602
	14.133 and 21.69
	296.4879
	Antibacterial, antioxidant and antifungal

	[bookmark: _Hlk163397670]
8
	
1-Cyclohexylnonene
	
C15H28
	
14.133 and 21.69
	
208.38
	
No activity reported

	9
	1H-Pyrazole, 1-(3-methylbutyl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)
	
C10H17BN2O2
	
16.422 and 21.17
	
208.07
	
Anti inflammatory

	10
	Heptamethyl
trisiloxane
	
C7H21O2
Si3
	
16.422 and 21.17
	
221.50
	
Antimicrobial

	11
	1-Benzazirene-1-carboxylic acid, 2,2,5a-trimethyl-1a-[3-oxo-1-butenyl] perhydro-, methyl ester
	
C15H23
NO3
	
16.422 and 21.17
	
265.35
	

Antioxidant

	12
	Silicic acid diethylbis
(trimethylsilyl)ester
	
C1OH28
O4Si3
	
16.459 and 9.66
	
296.58
	
Lowers bad cholesterol.

	13
	2(Acetoxymethyl)-3-(methoxy carbonyl)
biphenylene
	
C17H14
O4
	
16.459 and 9.66
	
282.29
	
Antibacterial agent

	14
	4-Dehydroxy-N-(4,5-methylenedioxy-2-nitrobenzylidene)tyramine
	
C16H14
N2O4
	
16.459 and 9.66
	
298.29
	
Interact with serotonin and Control depression


Table 3 - Analysis of bio active compounds found in earthworm extract from Perionyx excavatus.	Comment by DELL: Table caption goes on the top of the table? Depends on your journal’s requirement. Please check.
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Results

The results of the research on the inhibitory
capability of Lumbricus rubellus earthworm extract on
the growth of Phorphyromonas gingivalis bacteria can
be seen in Figure 1, below:
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Antibiotics and antimicrobial compounds
inhibit the growth of microorganisms such as bacteria,
fungi, and yeast. A zone of inhibition is the clear area
surrounding a sample of an antimicrobial agent that
has been deposited on an agar-based culture.
Microbial colonies will grow on the agar surface. If the
antimicrobial agent is useful, it will produce a clear
zone that is free of bacterial growth. The length (or
diameter) of the zone of inhibition is measured with a
ruler or compiler [13]. The results from Table 1
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Lumbricus  rubellus ~ earthworm  at  different
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zone measuring 21.88 millimetres, compared to the
25% and 12.5% concentration which were 17.23 and
15.50 millimetres respectively. At the concentration of
6.25%, the earthworm extract did not cause inhibition
for the growth of Phorphyromonas gingivalis bacteria,
where the average diameter of the inhibition zone was
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zone measuring 21.88 millimetres, compared to the
25% and 12.5% concentration which were 17.23 and
15.50 millimetres respectively. At the concentration of
6.25%, the earthworm extract did not cause inhibition
for the growth of Phorphyromonas gingivalis bacteria,
where the average diameter of the inhibition zone was
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Results

The results of the research on the inhibitory
capability of Lumbricus rubellus earthworm extract on
the growth of Phorphyromonas gingivalis bacteria can
be seen in Figure 1, below:

Figure 1: The inhibitory zone of Lumbricus rubellus earthworm
extract (in millimetres)
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Discussion

Antibiotics and antimicrobial compounds
inhibit the growth of microorganisms such as bacteria,
fungi, and yeast. A zone of inhibition is the clear area
surrounding a sample of an antimicrobial agent that
has been deposited on an agar-based culture.
Microbial colonies will grow on the agar surface. If the
antimicrobial agent is useful, it will produce a clear
zone that is free of bacterial growth. The length (or
diameter) of the zone of inhibition is measured with a
ruler or compiler [13]. The results from Table 1
showed that there were differences in the mean
diameter of inhibition produced by extracts of the
Lumbricus  rubellus ~ earthworm  at  different
concentrations. The earthworm extract with a
concentration of 50% has the highest mean inhibitory
zone measuring 21.88 millimetres, compared to the
25% and 12.5% concentration which were 17.23 and
15.50 millimetres respectively. At the concentration of
6.25%, the earthworm extract did not cause inhibition
for the growth of Phorphyromonas gingivalis bacteria,
where the average diameter of the inhibition zone was
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