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Abstract

Pheretima posthuma (Vaillant, 1868), a native earthworm of Pakistan and Southeast Asia, has wide utilization in
vermicomposting and bioremediation process. In this study, P. posthuma coelomic fluid (PCF) and body paste (PBP)
was evaluated as antibacterial agent against ampicillin (AMP) resistant five Gram positive and four Gram negative
clinical isolates. The antibacterial effect of different doses (i.e. 25-100 pg/ml) of PCF and PBP along with AMP and
azithromycin (AZM) (negative and positive controls, respectively) were observed through disc diffusion and micro-
dilution methods. All nine clinical isolates were noticed as AMP resistant and AZM sensitive. Antibacterial effects
of PCF and PBP were dose dependent and zone of inhibitions (ZI) against all clinical isolates were between 23.4 +
0.92 to 0 £ 00 mm. The sensitivity profile of PCF and PBP against clinical isolates was noticed as 44.44 and 55.56%,
respectively. Both PCF and PBP showed bacteriostatic (BTS) action against S. aureus, S. pyogenes, K. pneumonia, N.
gonorrhoeae. Moreover, the cumulative BTS potential of PCF and PBP against all isolates was 66.67 and 55.56%,
respectively. The MICs of PCF and PBP were ranged from 50-200 pg/ml against selected isolates. The bacterial
growth curves indicated that PCF and PBP inhibited the growth of all isolates at their specific MIC concentrations.
However, PBP has better antibacterial potential compared to PCF against selected isolates. Therefore, it is concluded
that both PCF and PBP of P. posthuma possess antibacterial and BTS potential against ampicillin resistant clinical
isolates. This organism might be considered as a second choice of antibacterial agents and can further be utilized
in pharmaceutical industries for novel drug manufacturing by prospecting bioactive potential agents.
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Resumo

Pheretima posthuma (Vaillant, 1868), uma minhoca nativa do Paquistio e sudeste da Asia, tem ampla utilizagio em
processos de vermicompostagem e biorremediacdo. Neste estudo, o fluido celdmico de P. posthuma (PCF) e a pasta
corporal (PBP) foram avaliados como agente antibacteriano contra cinco isolados clinicos Gram-positivos e quatro
Gram-negativos resistentes a ampicilina (AMP). O efeito antibacteriano de diferentes doses (ou seja, 25-100 pg /
ml) de PCF e PBP juntamente com AMP e azitromicina (AZM) (controles negativo e positivo, respectivamente) foi
observado por meio de métodos de difusdo em disco e microdilui¢ao. Todos os nove isolados clinicos foram notados
como resistentes a AMP e sensiveis a AZM. Os efeitos antibacterianos de PCF e PBP foram dependentes da dose e
a zona de inibi¢do (ZI) contra todos os isolados clinicos foi entre 23,4 + 0,92 a 0 + 00 mm. O perfil de sensibilidade
do PCF e PBP contra isolados clinicos foi observado como 44,44% e 55,56%, respectivamente. Tanto o PCF quanto o
PBP mostraram agao bacteriostatica (BTS) contra S. aureus, S. pyogenes, K. pneumonia, N. gonorrhoeae. Além disso,
o potencial BTS cumulativo de PCF e PBP contra todos os isolados foi de 66,67% e 55,56%, respectivamente. Os
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MICs de PCF e PBP variaram de 50-200 ng / ml contra isolados selecionados. As curvas de crescimento bacteriano
indicaram que o PCF e o PBP inibiram o crescimento de todos os isolados em suas concentracdes especificas de
MIC. No entanto, PBP tem melhor potencial antibacteriano em comparag¢do com PCF contra isolados selecionados.
Portanto, conclui-se que tanto o PCF quanto o PBP de P. posthuma possuem potencial antibacteriano e BTS contra
isolados clinicos resistentes a ampicilina. Esse organismo pode ser considerado como uma segunda escolha
de agentes antibacterianos e pode ainda ser utilizado nas inddstrias farmacéuticas para a fabricacdo de novos
medicamentos por meio da prospecc¢ao de agentes com potencial bioativo.

Palavras-chave: pasta de minhoca, concentragdo inibitéria minima, curvas de crescimento bacteriano, bactérias

resistentes.

1. Introduction

Earthworms are reddish to dark brown, tubular,
segmented and macro-invertebrate oligochaete worms
found in soil. They are so called “farmer’s friend”, because
these worms enhance the fertility and productivity of soil
during burrowing activity (Bhorgin and Uma, 2014). The soil
fertility gets increased due to air and water penetration
through burrows (Katsvairo et al., 2007) and addition of
high concentration of organic and inorganic compounds
in the form of nitrogenous waste in the soil through
worm casting (Krishnamoorthy and Vajranabhaiah, 1986).
The natural processes of earthworms are frequently used
to reduce pollutants (i.e. heavy metals) by bioremediation
(Wang et al., 2018; Selvi et al., 2019) and to degrade toxic
compounds through gut enzymes and microbial agents
(Rudietal.,2009; Byzov et al., 2015; Liu et al., 2018). They
are also used as big source of protein and widely used in
poultry and fish industry as source of food (Sogbesan et al.
2007; Parolini et al. 2020).

Earthworms have also been utilized in medicines for
treatment against various diseases since 1340 AD (Cooper,
2009; Omar et al., 2012). Earthworm’s tissue extracts,
coelomic fluid and body paste possess various agents
(i.e. proteins) that have been well documented as antiulcer
(Prakash et al.,2007), anti-coagulant (Popovie et al., 2001),
antiviral (Liu et al., 2012), antibacterial (Aydogdu and Cotuk,
2008; Balamurugan et al., 2010; Chauhan et al., 2014),
antifungal (Vasanthi et al., 2013), antitumor (Cooper et al.,
2004; Chen et al., 2007; Hua et al., 2011; Augustine et al.,
2018), anti-inflammatory (Balamurugan et al., 2007;
Mathur et al., 2011), cytotoxic (Rudrammaji et al., 2008;
Endharti et al., 2019), antipyretic and analgesic agents
(Prakash and Gunasekaran, 2011).

Among variety of earthworms, Pheretima sp. of these
worms was reported in eastern India, South East Asia and
Japan as an endemic population (Darmawan et al., 2012).
In Pakistan, P. posthuma was found abundant among other
species of earthworms in different habitats like green chili,
wheat, bitter gourd, sorghum, pumpkin, jantar, millet and
rice (Sarwar et al., 2006; Ghafoor et al., 2008). Owing to
relative abundance of P. posthuma in Pakistan, current
study utilized it as experimental organism and assessed
the antibacterial and bacteriostatic potential of coelomic
fluid as well as body paste against both Gram positive
(Bacillus cereus, Staphylococcus aureus, Streptococcus
pyogenes, Pseudomonas aeruginosa and Bacillus pumilus)
and Gram negative (Klebsiella pneumonia, Pseudomonas
putida, Neisseria gonorrhoeae and Escherichia coli) bacteria
isolated from clinical settings.
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2. Materials and Methods

2.1. Sample collection

Earthworms were collected by digging up soil at 35cm
depth with scraper (Ansari and Sitaram, 2011) from
bank sides of Marala Ravi Link (MRL) canal near village
kanwalit (3220’54.5"N 74°25'34.1"E) Sialkot region, July
to September 2019. Moist, shady, grassy and pesticide
free land sites were selected for sampling which were
confirmed by earthworm’s casting (Ramnarain et al., 2016).
Mature earthworms were, then, hand sorted on the basis
of presence and absence of clitellum (Singh et al., 2016).
For identification, these worms were transported in soil
to Microbiology Laboratory, Department of Zoology, GC
University Lahore. Earthworms were morphologically
identified on the basis of skin color, clitellum shape,
number of segments and prostomium under binocular
microscope by using the figures and keys designed by
Blakemore (2012).

2.2. P. posthuma Coelomic Fluid (PCF) collection

In order to prepare P. posthuma coelomic fluid (PCF),
earthworms were rinsed and cleaned with sterile water
to remove dirt from the body surface. They were allowed
to clear their guts for 48 hours on moist filter paper in
wide and deep plastic tray, covered with polythene paper
having pin holes. After gut clearing, they were again washed
with water and placed on dry filter paper to absorb excess
water from body surface. 20 g earthworms were weighed
and placed in a cone shaped funnel that was fit on iron
stand. A clean sterile nylon mesh was used and placed
in this funnel to prevent the escape of worm. For heat
shock, 15 ml warm water (45-50°C) in a thick plastic bag
was utilized for 3-5 minutes. This warm water stimulated
the body surface of worm to secrete (PCF) from dorsal
pores (Patil and Biradar, 2017). After ten minutes, which
minimize the warm shock effect, earthworms were given
cold shock treatment. In this method, a pack of ice cube
was put over same 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 PCF
which was collected in 10 ml dry beaker. The collected
PCF was then transferred to sterilized test tubes. PCF was
centrifuged at 4500-5000 rpm for 12 minutes to remove
debris and impurities. Supernatant was filtered through
0.2 pm syringe filter and filtered PCF was stored in sterile
eppendorf at -20°C (Esaivani et al., 2017).
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2.3. Formation of P. posthuma Body Paste (PBP)

The earthworms (P. posthuma) were cleaned with
tap water and placed on moist blotting paper to remove
undigested matter from gut for 24 h. To minimize the
impurities, the worms were again washed with sterile
water. 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
P. posthuma body paste (PBP) having brown colour. The PBP
was filtered and the filtrates acquired were condensed at
35°Cusing water-bath. The crude PBP gained was diluted
with 10% DMSO for evaluation of antibacterial activity
(Vasanthi et al., 2013).

2.4. Bacterial strains

For antibacterial assay, 5 Gram positive and 4 Gram
negative human pathogenic bacterial isolates were obtained
from bacterial collection center of Microbiology Laboratory,
Department of Zoology, GC University Lahore, Pakistan.
The list of these bacterial isolates is given in Table 1.

2.5. Ampicillin Sensitivity Test (AST)

Ampicillin sensitivity test was performed using
ampicillin disc (10 pg/disc) following Kirby-Bauer disc
agar diffusion method (Younis et al., 2020). Inhibition
zones were noted after overnight incubation of pathogenic
bacteria against ampicillin discs. The resistant bacterial
isolates were selected for further study.

2.6. Antibacterial assay

For antibacterial assay, disc diffusion method was
designed with slight modification of Bhorgin and Uma
(2014) to find the inhibitory zones and order of antibiotic
sensitivity of clinical isolates. Findings were interpreted,
according to Clinical and Laboratory Standards Institute
(CLSI) guideline, as resistant (R), intermediate (I) and
sensitive (S). For this purpose, fresh bacterial cultures
were prepared by inoculating a full loop of bacteria from

the selected pathogenic stock strains into flasks of muller
hinton broth (MHB) and kept in incubator at 37°C overnight.
Following incubation, concentrated fresh bacterial cultures
were diluted into MHB to attain 10° CFU/ml. 15 ml of
muller hinton (MH) agar was poured into sterile petriplates
and allowed to solidify for 10 minutes. 150 pl of diluted
bacterial culture was spread and five sterile filter paper
discs of 6 mm diameter were placed on agar media surface.
On these sterile discs, the various concentrations (25,
50, 75 and 100 pg/disc) of PCF or PBP were loaded with
sterile micropipette and allowed to diffuse for 10 minutes.
Plates were incubated at 37°C for 24 hours. Inhibition
zones (ZI) of diameter (mm) were measured and recorded
with standard zone reader scale. A disc of Azithromycin
(AZM 15 pg/disc) was used in each bacterial assay as
positive control while resistant Ampicillin (10 pg/disc)
was used as negative control. All assays were performed
in triplicates. These assays utilized the earlier study of
Shoeib and Alkufeidy (2014) to interpret the clinically
isolated bacterial sensitivity to various tested PCF or PBP
concentrations using vancomycin antibiotic as standard to
Gram +ve and Imipenem antibiotic to Gram -ve bacteria.

2.7. Minimum Inhibitory Concentration (MIC)

MIC was assessed following slight modification of
broth micro-dilution method using stock solution of
fresh bacterial cultures (Lazzarotto-Figueir6 et al., 2019).
Ten serial two-fold dilutions of PCF and PBP were formed
to get final dilution range (i.e. 400-0.781 pg/ml). 150 pL of
fresh bacterial MH broth were taken in 96 well micro-test
plates with sterile tips of micropipette. For each clinical
isolate, 3 columns of ten sterile wells of 96-well were
utilized. So that, each well consist of 150 puL of broth culture
supplemented with PCF or PBP concentrations and 50 L
of clinical isolate inoculum. The 96-well micro-test plates
were wrapped with aluminum foil and placed in incubator
at 37°C for 24 hours. The inhibition of clinical isolates was
checked by visual inspection of turbidity in test wells
compared to control. The PCF or PBP concentrations at
which no visible growth appeared were declared as MICs.
Subsequently, the 50 pL was also spread on nutrient agar

Table 1. Pathogenic bacterial isolates (i.e. Gram +ve and Gram -ve) and their sources.

Sr. No. Clinical isolates

Genbank accession No.

Source samples Studied by

Gram +ve isolates

1 B. cereus JQ580958.1
2 S. aureus NC_007793.1
3 S. pyogenes CP013840.1
4 P. aeruginosa CP027538.1
5 B. pumilus JN037409.1
Gram -ve isolates
1 K. pneumonia NR_037084.1
2 P. putida EU239209.1
3 N. gonorrhoeae AE004969
4 E. coli NC_000913.2

Sputum Ali et al. (2015)
Ali et al. (2019)
Ali et al. (2019)
Ali et al. (2019)

Jahan et al. (2016)

Leucorrhea Fluid
Air of operation theater
Air of operation theater

Clinical waste water
Sputum Ali et al. (2015)
Ali et al. (2015)
Ali et al. (2019)
Ali et al. (2019)

Sputum
Leucorrhea Fluid

Leucorrhea Fluid
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plates to confirm absence of growth. All tests were arranged
in triplicate and the mean values of MICs were expressed.

2.8. Bacteriostatic analysis

For bacteriostatic analysis, bacterial growth curve was
measured following method by Whitaker and Alshammari
(2017) with slight modification. Each clinical bacterial
isolate was cultured by mixing a 160 ul of bacterial
suspension (OD = 1.5) to 6 ml of MH media. Bacterial growth
was recorded by measuring turbidity at 600 nm using a
spectrophotometer. Following 3 hours incubation at 37°C,
PCF was mixed at its MIC value. Turbidity was measured by
checking OD,, after 6 hours. Bacterial cells were centrifuged
to form pellets, washed thrice with sterilized isotonic
saline and pellets were poured back into 6 ml sterile MH
media. Following another 15 hours incubation (i.e. total
24 hours), the turbidity was again measured to check the
bacterial growth. For control group, bacterial culture was
incubated without PCF addition to generate growth curve.
Experiments were run 3X for each clinical bacterial isolate.
Same experiment was performed in triplicate for PBP to
evaluate its effect against clinical bacteria.

3. Results

The antibacterial and bacteriostatic aspects of PCF and
PBP extracted from P. posthuma were assessed against
ampicillin resistant five Gram +ve (B. cereus, S. aureus,
S. pyogenes, P. aeruginosa and B. pumilus) and four Gram -ve
(K. pneumonia, P. putida, N. gonorrhoeae and E. coli) clinical
isolates by ampicillin sensitivity test (AST), antibacterial
assay, MIC test and bacteriostatic assay.

3.1. Antibacterial assay

The results of antibacterial assay (i.e. disc diffusion
method) were summarized in Figures 1, 2. The influence
of various concentrations (i.e. 25, 50, 75 and 100 pg/disc)
of PCF and PBP along with AMP (as -ve control) and AZM
(as +ve control) were observed as inhibitory zone (ZI = mm)
against all clinical isolates. All the nine clinical isolates were
noticed as AMP resistant and AZM sensitive. While, two
Gram +ve (i.e. B. cereus and P. aeruginosa) and one Gram
-ve (i.e. N. gonorrhoeae) were appeared highly resistant
against AMP because there was no any ZI against these
isolates. Similarly, B. cereus as Gram +ve isolate showed
highest sensitivity (ZI=30.1 + 1.12) against AZM followed
by S. aureus > B. pumilus > P. aeruginosa > S. pyogenes
while for Gram -ve highest ZI was shown by K. pneumonia
(Z1=28.1 + 1.34). Whereas, the antibacterial effect of PCF
was found directly proportional to the PCF concentrations
used in all tests setting against clinical isolates. The ZIs by
all the PCF concentrations ranged between 22.1 £ 0.92 to
0 +00 against all clinical isolates. The antibacterial impact
of PCF was studied highest to lowest as follows B. pumilus
> B. cereus > S. pyogenes > S. aureus > P. aeruginosa for Gram
+ve. Moreover, it was also examined against Gram -ve
isolates (but lower than Gram +ve) and sequenced from
high to low as N. gonorrhoeae > P. putida > K. pneumonia >
E. coli (Figure 1).

4/10

Similar to PCF, PBP also showed a dose dependent
antibacterial effect. PBP showed growth inhibitory
results similar to PCF (100 pg/disc) at 75 pg/disc dose.
While using PBP (100 pg/disc), the largest inhibitory zone
was observed against B. cereus (23.4 + 0.94 mm) among
Gram +ve and N. gonorrhoeae (21.77 £ 0.94 mm) among
Gram -ve isolates. Results indicated that PBP has higher
antibacterial potential than PCF because larger ZI were
observed against clinical isolates using PBP. This work
clearly demonstrated that coelomic fluid and body pate
of P. posthuma has antibacterial effect against both Gram
+ve and Gram -ve clinical isolates (Figure 2).

The results regarding sensitivity pattern
(i.e. sensitive (S), intermediate (I) and resistant (R) and
bacteriostatic/bacteriocidal (BTS/BTC) of PCF and PBP
along with AMP and AZM for Gram +ve and Gram -ve
clinical isolates were summarized in Table 2. All clinical
isolates were highly resistant (R) aganist antibiotic
AMP (-ve control) while sensitive (S) aganist AZM
(+ve control). The efficiency impact of PCF and PBP on
the basis of sensitivity against all isolates was observed as
44.44 and 55.56% respectively. Among 9 clinical isolates,
three Gram +ve (i.e. B. cereus, S. pyogenes, and B. pumilus)
and two Gram -ve (P. putida and N. gonorrhoeae) were highly
sensitive while only P. aeruginosa was resistant against
PCF and PBP. The intermediate effect of PCF and PBP was
noticed against K. pneumonia isolate only while S. aureus
and E. coli were intemediately effected solely by PBP.
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Figure 1. Antibacterial effect of different concentrations
(25-100pg/ml) of P. posthuma coelomic fluid (PCF) against Gram
+ve and -ve clinical isolates. Ampicillin (AMP) and azithromycin
(AZM) were used as -ve and +ve controls, respectively.
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Figure 2. Antibacterial effect of different concentrations
(25-100pg/ml) of P. posthuma body paste (PBP) against Gram +ve
and -ve clinical isolates. Ampicillin (AMP) and azithromycin (AZM)
were used as -ve and +ve controls, respectively.
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To check the bacteriostatic (BTS) and bacteriocidal
(BTC) effect of PCF and PBP, the isolated bacteria from
inhibition zone were re-inoculated on nutreint agar
plates. PCF and PBP has BTS (i.e. inhibitory) effect against
S. aureus, S. pyogenes, K. pneumonia, N. gonorrhoeae.
Similarly, the growth of P. aeruginosa and E. coli were
inhibited by PCF while PBP revealed same effects against
B. pumilus. Moreover, the total BTS effects of PCF and PBP
were 66.67 and 55.56% against all isolates. In the same

manner, the results regarding BTC (bacteiocidal) effect of
PCF and PBP were 33.33 and 44.44% against both Gram
+ve and Gram -ve isolates.

3.2. Minimum inhibitory concentrations of PCF and PBP

For bacterial growth curve, results about MICs of PCF
and PBP against different bacterial isolates were presented
in Table 3. The MICs of PCF and PBP for nine different

Table 2. Bacteriostatic (BTS) and bacteriocidal (BTC) potential of P. posthuma coelomic fluid (PCF) and P. posthuma body paste (PBP)

against clinical isolates.

AMP (10 pg/disk) PCF (100 pg/disk) PBP (100 pg/disk) AZM (30 pg/disk)
Clinical isolate 1Z (mm) B:“fo/fc'l;C IZ (mm) B:‘fo/:c'l;C 1Z (mm) B’el"fo/zl;C 1Z (mm) B:‘fo/:c'l;C

Gram +ve isolate
B. cereus OF ND 218 BTC 238 BTC 308 BTC
S. aureus 6} BTC 12R BTS 14! BTS 28° BTS
S. pyogenes 6} BTS 18° BTS 208 BTS 25° BTC
P. aeruginosa O ND R BTS 11R BTC 258 BTS
B. pumilus 5R BTC 228 BTC 208 BTS 26° BTC
Gram -ve isolate
K. pneumonia 6} BTS 12! BTS 12! BTS 285 BTC
P. putida 5k BTS 175 BTC 185 BTC 225 BTS
N. gonorrhoeae Or ND 18° BTS 228 BTS 28° BTC
E. coli 5k BTC 108 BTS 14' BTC 233 BTC
% Efficiency 0 - 44.44 - 55.56 - 100 -
% BTS - 50 - 66.67 - 55.56 - 3333
% BTC - 50 - 33.33 - 44.44 - 66.67

According to CLSI (2001), Vancomycin (VA) containing 10 pg/disk was used as standard for Gram +ve isolates where, Resistant (R) < 10 mm,
intermediate (I) 211-14 mm and Sensitive (S) > 15 mm. For Gram -ve, imipenem (IPM) containing 10 pg/disk was used as standard for G -ve
isolates where, Resistant (R) < 13 mm, Intermediate (I) 214-15 mm and Sensitive (S) > 16 mm. BTS (Bacteriostatic), BTC (Bacteriocidal), AMP

(Ampicillin), AZM (Azithromycin)

Table 3. Minimum inhibitory concentrations of P. posthuma coelomic fluid (PCF) and P. posthuma body paste (PBP) against clinical isolates.

Gram +ve isolates

Gram -ve isolates

Concentration

K N.

(ug/mi) B.cereus  S.aureus S.pyogenes aemg;'nosa B. pumilus preumonia P. putida gonon}weae E. coli
PCF PBP PCF PBP PCF PBP PCF PBP PCF PBP PCF PBP PCF PBP PCF PBP PCF PBP
400 - - - - - - - - - - - - - - - - - -
200 - - - - - - - - - - - - - - - - - -
100 - - + - - - - - - - - - - - - - - -
50 + - + - + + - + + - + - - + + - - -
25 + + + + + + + + + + + + + + + + + +
12.5 + + + + + + + + + + + + + + + + + +
6.25 + + + + + + + + + + + + + + + + + +
3.13 + + + + + + + + + + + + + + + + + +
1.56 + + + + + + + + + + + + + + + + + +
0.781 + + + + + + + + + + + + + + + + + +
MIC 100 50 200 50 100 100 50 100 100 50 100 50 50 100 100 50 50 50
+ sign (growth of bacteria), - sign (no growth of bacteria)
Brazilian Journal of Biology, 2023, vol. 83, 247016 5/10
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clinical isolates ranged from 50 to 200 pug/ml. Whereas,
200 pg/ml dose of PCF inhibited the growth of S. aureus
while at 100 pg/ml concentration, the growth of B. cereus,
S. pyogenes, B. pumilus, K. pneumonia and N. gonorrhoeae was
inhibited. In case, to find the lowest inhibitory concentration
of PBP as antibacterial agent, 100 pg/ml dose was suitable
to inhibit the growth of two Gram +ve (i.e. S. pyogenes
and P. aeruginosa) and one Gram -ve (P. putida) isolate.
Likewise, 50 pg/ml concentration was sufficient to inhibit
the growth of 6 clinical isolates from which three were
Gram +ve isolates (B. cereus, S. aureus, B. pumilus) and
two Gram -ve bacteria (K. pneumonia, N. gonorrhoeae and
E. coli). These MICs concentration were further utilized to
find its effect on bacterial growth curve.

3.3. Bacteriostatic action and growth curve determination

MIC concentrations were further utilized to detect
their effect on growth inhibition of bacterial isolates.
The growth curves were assessed for bacterial strains that
were already analyzed for BTS action. After 3 hrs incubation
at log phase, all selected sensitive clinical isolates were
separately exposed to PCF and PBP for period of 3 to
10 hours. Bacteriostatic growth curves of PCF (Figure 3)
were derived against each of seven PCF sensitive isolates
such as S. aureus, P. aeruginosa, S. pyogenes, K. pneumonia,
N. gonorrhoeae, E. coli and B. pumilus. The results indicated
that five isolates (i.e. S. aureus, S. pyogenes, P. aeruginosa, K.
pneumonia, N. gonorrhoeae) showed excellent ZI in growth
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curves compared to E. coli and B. pumilus. Similarly, these
curves were also derived against five PBP sensitive bacterial
isolates (S. pyogenes, K. pneumonia, P. aeruginosa, S. aureus
and B. putida) as shown in Figure 4. The findings of growth
curve determined that both PCF and PBP inhibit/ slows
down the growth of particular Gram +ve and Gram -ve
clinical isolates compared to control which lack PCF and PBP
concentration. However, removal of clinical isolates from
broth media containing PCF and PBP MIC concentrations,
these bacterial isolates again started to multiply indicating
that bacterial growth were inhibited due to presence of
PCF and PBP.

4. Discussion

The antibacterial agents are ubiquitous molecules
because they are found in eminent environment as
well as in plants, vertebrates, invertebrates and also in
microorganisms. However, there is a need to find more
efficient, appropriate and natural alternatives to combat

increasing bacterial resistance against available antibiotics
with emphasis on specificity against particular pathogens.
The present study explored the earthworm'’s coelomic fluid
and body paste potential against clinical bacterial pathogens
(both Gram +ve and Gram -ve) owing to the fact that
earthworms live in microbially contaminated environment,
which stimulates the production of antimicrobial agents in
their body as defensive molecules (Liu et al., 2012). These
molecules (i.e. proteins or lipids) naturally respond in an
organism as defensive agents against broad diversity of
clinical isolates, thus play effective role to evoke innate
immunity (Prakash and Gunasekaran, 2011).

As first step, this study screened all nine clinical
pathogens by using disc diffusion assay and found all
isolates as ampicillin resistant. This resistance was due
to B-lactamase enzyme synthesis (Ash et al.,2002) and in
rare cases f-lactamase negative ampicillin resistance was
also reported in clinically isolated bacteria (Barry et al.,
2001). Likewise, ampicillin resistance against Gram
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Figure 4. Arrows indicate bacteriostatic zone of PBP against sensitive clinical isolates S. pyogenes (S), K. pneumonia (B), N. gonorroeae

(C) B. putida (D) S. aureus (E) Control.
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+ve and -ve pathogenic isolates was well reported by other
researchers (Kulkarni et al., 2019 and Breijyeh et al., 2020).

The results from this research also revealed that
the ZI against all selected Gram +ve and -ve clinically
isolated bacteria during all PCF and PBP experimental
setups were dose dependent (highest at 100 pg/disc) and
ranged between 23.4 + 1.42 to 0 + 00 mm. Where, zone of
inhibition is a microbe free area around the antimicrobial
agent on the agar plates (Dharmawati et al., 2019). This
microbe free area guaranteed the present of antimicrobial
agent (Barnard, 2019). Result regarding, variations in ZI
was due to varying amounts of antibacterial agent in
PCF and PBP concentrations (25, 50, 75 and 100 pg/disc)
utilized in this examination. These findings corroborate
with the results by Prakash and Gunasekaran (2011) and
Chauhan et al. (2014).

Our next step was to determine the antibacterial
potential of PCF and PBP, it was observed that three Gram
positive (B. cereus, S. pyogenes and B. pumilus) and two
Gram negative (P. putida and N. gonorrhoeae) showed
sensitivity for PCF (100 pl/disc) while S. aureus, P. aeruginosa
(Gram positive) and E. coli (Gram negative) were found
resistant. Similarly, the findings of Vasanthi et al. (2013)
and Bansal et al. (2015) support the results of sensitivity but
regret the resistant behavior of S. aureus, P. aeruginosa and
E. coli. The current results of PBP (100 pl/disc) antibacterial
potential was much better than PCF because only one
bacterial strain (P. aeruginosa) was resistant while all
other were appeared either sensitive or intermediate.
Ansari and Sitaram (2011) also reported that Eisenia
fetida (earthworm) powder possesses strong antibacterial
potential against S. aureus and E. coli. The antibacterial
potential was due to presence of number of bioactive
compounds (like proteins and peptides) in earthworms
that behave as antimicrobial agent (Engelmann et al., 2004;
Patil and Biradar, 2017). The lumbricin I (peptide) was
the first antimicrobial molecules extract from Lumbricus
rubellus which showed antimicrobial potential against
a broad range of microorganisms (Cho et al., 1998).
Wang et al. (2003) also identified two other antimicrobial
agents (OEP3121and PP1) from E. foetida and P. tschiliensis
respectively. Likewise, another antimicrobial peptide called
lumbricin-PG was obtained from secretions released from
P. guillelmi skin (Li et al., 2011). Our results regarding MICs
of PCF and PBP against 9 different bacterial isolates ranged
from 50 to 200 pg/ml. These findings are consistent with
the study by Esaivani et al. (2017).

Final step was to check the effect of PCF and PBP on
bacterial growth curves which proved the inhibitory
potential of both PCF and PBP. Following removal of isolates
from media containing either PCF/PBP, and re-inoculation
in fresh broth, they started to grow. This indicated that PCF
and PBP has inhibitory effect on the growth of isolates.
Similarl findings were reported by Cynthia et al. (2014),
who studied the bacteriostatic impact of Lampito mauritii’s
cell extract and coelomic fluid on pathogens and observed
inhibitory nature of L. mauritii’s extract. This bacteriolytic
action might be due to presence of antimicrobial peptides
as observed in case of earthworm species, P. guillelmi
(Lietal., 2011).

/10

5. Conclusion

The antibiotic resistance in bacterial strains is increasing
day by day due to frequent and misuse of antibiotics in
clinical trials. To overcome this problem, there is a dire
need to generate or discover new antibacterial agents.
This study was an attempt to introduce a new source
of antibacterial agents as effective natural alternative
to antibiotics. The results of this study suggested that
coelomic fluid and body paste of earthworm (P. posthuma)
has bacteriostatic and bacteriocidal potential against Gram
+ve and -ve clinical bacteria. This indicates the presence of
antimicrobial agents (proteins and peptides) in coelomic
fluid and body paste. Thus, P. posthuma (earthworm) is a
good source of antibacterial agents that are in need to be
identified and extracted as source of cheap medicines to
control serious infections.
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