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ABSTRACT

Objective: The aim of the present study was to evaluate the in vitro anti-inflammation activity and anthelmintic potential of two novel isolated 
probiotic strains through Enterococcus faecium BM10 KY788342 and Lactobacillus casei GM10 KY794586.

Methods: In vitro anti-inflammatory activity was evaluated using protein denaturation inhibition method. Pheretima posthuma was used as a suitable 
in vitro model, and time of paralysis and death were used as parameters to evaluate anthelmintic potential of probiotic strains.

Results: Lyophilized solutions of L. casei GM10 showed significant protein denaturation inhibition (56.20±0.86%) followed by E. faecium 
BM10  (52.28±0.31%) comparable to diclofenac (93.62±1.39%) at the maximum concentration of 250 μg/ml. Intracellular cell-free extract of 
E. faecium BM10 showed a strong anthelmintic (vermicidal) activity (6±0.23 minutes), followed by L. casei GM10 (9±0.05 minutes) comparable to 
piperazine citrate (20±0.422 minutes) and albendazole (24±0.43 minutes) at the maximum concentration of 100 mg/ml.

Conclusion: Results of the present study concluded that both tested lactic acid bacteria strains exhibited significant in vitro anti-inflammatory activity 
and can be used as potent and safe anthelmintic agent.
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INTRODUCTION

Intestinal inflammation and infections are generally accompanied due 
to an imbalance of intestinal microflora. Probiotic bacteria play an 
important role in balancing the gut natural microflora and now used 
as the alternative approach of prevention and therapy for numerous 
intestinal inflammatory disorders, including inflammatory bowel 
disease. The mechanisms associated with probiotics include blocking 
of pathogenic bacterial effects by producing antibacterial compounds; 
competitive inhibition of pathogens and toxins from adhesion to 
intestinal epithelium; regulate mucosal immune response through 
improving intestinal immunological barrier (mainly IgA response), 
enhancing host innate immunity; and maintain a control between pro-
and anti-inflammatory cytokines [1,2]. Furthermore, Lactobacillus 
rhamnosus GG MTCC 1408 and lyophilized cell-free supernatant of 
Enterococcus faecium CFR 3003 exhibited a strong anti-inflammatory 
effects by downregulating the tumor necrosis factor (TNF)  -  a 
production and increasing the IL-10 levels in lipopolysaccharide-
stimulated macrophage cell lines [3].

Helminthic infections are generally caused by soil-transmitted 
helminths. These infections are common in those areas where 
inadequate sanitation and unsafe water supplies are prevalent. 
These parasitic worms also infect livestock and crops. According to 
latest estimates, more than 2 billion people are infected with these 
parasites [4]. Although many synthetic drugs including preparation, 
benzimidazole, imidazothiazole, and albendazole are available in the 
market, and in addition to it, various herbal plant parts also utilized 
as an anthelmintic agent, but these synthetic drugs are losing their 
effectiveness as resistance develops in nematodes against drugs [5]. 
Only a few studies have been conducted regarding the use of bacterial 
metabolites as anthelmintic [6-8], therefore in the present study, 
two probiotic strains: E. faecium BM10 KY788342 and Lactobacillus 

casei GM10 KY794586 evaluated for anthelmintic activity and anti-
inflammatory activity.

METHODS

In vitro anti-inflammatory activity
In vitro anti-inflammatory activity was performed using protein 
denaturation inhibition assay [9]. Reaction mixture (0.5  ml) contains 
0.45 ml of bovine serum albumin (BSA) (5% w/v aqueous solution) and 
0.05 ml of lyophilized lactic acid bacteria (LAB) test sample (50, 100, and 
250 μg/ml) in citrate buffer. Test control solution (0.5 ml) comprised 
0.45 ml of BSA (5% w/v aqueous solution) and 0.05 ml of distilled 
water, whereas product control solution (0.5 ml) consisted of 0.45 ml 
of distilled water and 0.05 ml of test solution (50, 100, and 250 μg/ml). 
Standard solution (0.5 ml) prepared by 0.45 ml of BSA (5% w/v aqueous 
solution) and 0.05 ml of diclofenac sodium (50, 100, and 250 μg/ml). 
pH of all solutions adjusted to 6.5. The samples were incubated at 37°C 
for 20  minutes, and then the temperature was increased to 57°C for 
3 minutes. After cooling, 2.5 ml of phosphate buffer saline was added 
to the above solutions. The absorbance was measured at 416 nm. The 
percentage inhibition of protein denaturation was calculated as

Protein denaturation inhibition (%) = (ODt/ODc -1) ×100

Anthelmintic activity
Preparation of intracellular cell-free extract (ICFE)
ICFE of both LAB was prepared according to the study by Chen et al. [10]. 
10 µl of LAB culture was inoculated in 250 ml of De Man-Rogosa Sharpe 
broth medium and incubated for 3 days at 30ºC. The bacterial counts 
in the cell suspension (intact cells) were adjusted to 108 cfu/ml. The 
cell suspensions were subjected to ultrasonic disruption (five 1-min 
intervals in an ice bath), the cell debris was removed by centrifugation 
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(10,000 ×g) for 10 minutes at 4°C, and the prepared resulting supernatant 
(ICFE) was collected and used for the study.

Procedure
Anthelmintic activity was carried out according to the method 
suggested by Bharti et al. [11]. Indian adult earthworms (Pheretima 
posthuma) were used for the study as these have anatomical and 
physiological resembles with intestinal roundworm parasites of 
human being. Earthworms were collected from moist soil and 
washed with normal saline and used for the study. The ICFE of both 
bacteria were dissolved in 20  mm citrate phosphate buffer and 
prepared desired concentrations (25, 50, and 100 mg/ml). Piperazine 
citrate and albendazole were used as the standard drugs. 13 groups 
containing 6 earthworms in each group were placed in petri dishes 
containing 15  ml test and standard formulation. Group  1 served as 
control (0.9% NaCl), Groups 2, 3, and 4 treated with piperazine citrate 
(25, 50, and 100 mg/ml), Groups 5, 6, and 7 treated with albendazole 
(25, 50, and 100 mg/ml), Groups  8, 9, and 10 treated with ICFE of 
E. faecium GM10  (25, 50, and 100 mg/ml), and Groups  11, 12, and 
13 treated with ICFE of L. casei GM10 (25, 50, and 100  mg/ml). 
Observations were made for the time taken for paralysis and death of 
individual worm. The paralysis was assumed to occur when the worms 
were not able to move even in normal saline while the death was 
concluded when the worms lost their motility followed with fading 
away from their body colors. Assay was conducted in triplicates.

RESULTS

Anti-inflammatory activity
In the present study, in vitro anti-inflammatory activity of a lyophilized 
solution of E. faecium BM10 and L. casei GM10 was determined by 
percentage inhibition of protein denaturation method and compared 
with standard drug Diclofenac. E. faecium BM10 showed protein 
denaturation inhibition (%) 45.10±0.16, 49.58±0.50, and 52.28±0.31 
at the concentration of 50, 100, and 250 μg/ml, respectively. However, 
L. casei GM10 exhibited protein denaturation inhibition (%) 48.15±1.78, 
51.34±1.80, and 56.20±0.86 at the concentration of 50, 100, and 
250 μg/ml, respectively. The standard drug Diclofenac showed protein 
denaturation inhibition (%) 88.02±0.98, 90.11±1.06, and 93.62±1.39 at 
the concentration of 50, 100, and 250 μg/ml (Fig. 1). Both LAB strains 
showed concentration-dependent inhibition of protein denaturation, 
and L. casei GM10 considered being a stronger anti-inflammatory agent 
than E. faecium BM10.

Anthelmintic activity
In the present investigation, ICFEs of E. faecium BM10 and L. casei 
GM10 were tested for anthelmintic activity using Pheretima posthuma 
model, and the results were compared with standard drugs: 
Piperazine citrate and albendazole. The LAB strains and standard 
drugs showed concentration-dependent anthelmintic activity. The 
paralysis (vermifuge) and death time (vermicidal) of ICFE of E. faecium 
BM10 were 6±0.029  minutes, 4±0.017  minutes, and 3±0.10  minutes 
and 10±0.16  minutes, 9±0.32  minutes, and 6±0.23  minutes at the 
concentration of 25, 50, and 100  mg/ml, respectively. However, the 
paralysis and death time of ICFE of L. casei GM10 were 11±0.71 minutes, 
9±0.34  minutes, and 6±0.03  minutes and 18±0.48  minutes, 
15±0.22 minutes, and 9±0.05 minutes at the concentration of 25, 50, 
and 100 mg/ml, respectively. The paralysis and death time of worms 
showed by standard drug piperazine citrate were 30±0.87  minutes, 
21±0.61  minutes, and 14±0.30  minutes and 42±1.03  minutes, 
35±0.35 minutes, and 20±0.422 minutes at the concentration of 25, 50, 
and 100 mg/ml, respectively. The paralysis and death time of worms 
showed by albendazole were 35±0.76  minutes, 27±0.23  minutes, 
and 18±0.92  minutes and 50±1.57  minutes, 40±0.88  minutes, and 
24±0.43  minutes at the concentration of 25, 50, and 100  mg/ml, 
respectively. The maximum anthelmintic activity was showed by ICFE 
of E. faecium BM10 and minimum by albendazole (Fig. 2).

DISCUSSION

Denaturation of tissue proteins is a well-documented cause of 
inflammation [12] and arthritic disease. The inflammatory drugs 
(salicylic acid, phenylbutazone, etc.,) have shown dose-dependent ability 
to thermally induced protein denaturation [13]. It has been reported that 
one of the features of several non-steroidal anti-inflammatory drugs is 
their ability to stabilize (prevent denaturation) heat-treated albumin at 
the physiological pH (pH: 6.2-6.5). Results of anti-inflammatory activity 
revealed that E. faecium BM10 and L. casei GM10 decrease protein 
denaturation significantly. Recently, Williams et al. [14] demonstrated 
that L. reuteri BM36301 suppressed TNF-α induction and decreased 
inflammation in aged mice. Similarly, Carroll et al. [15] investigated the 
anti-inflammatory role of MnSO4 released from Lactobacillus gasseri 
in interleukin 10-deficient colitis mouse. Mostly previously reported 
anti-inflammatory activities were assessing medicinal herbs as anti-
inflammatory agents [16,17]. Our study first time reported the in vitro 
anti-inflammatory activity of probiotic strains and exhibited significant 
results of anti-inflammatory activity.

‘Avermectin’ a series of compounds contains high degree of anthelmintic 
and anti-parasitic activity, isolated from Streptomyces avermitilis, and 
many metabolites have been isolated from bacteria (Brevibacillus 
laterosporus strain G4 and Bacillus sp. B16) and fungi (Arthrobotrys 
oligospora, Cylindrocarpon destructans, Verticillium chlamydosporium, 
and Paecilomyces lilacinus) also showed antinematode activity [18-20]. 
Our study showed strong anthelmintic activity of ICFE of both tested 
LAB strains (E. faecium BM10 and L. casei GM10) and considered more 
effective than piperazine citrate and albendazole. Similar results also 

Fig. 1: Anti-inflammatory activity (%) of Enterococcus faecium 
BM10 and Lactobacillus casei GM10 compared to diclofenac 

(standard drug)

Fig. 2: Anthelmintic activity of Enterococcus faecium BM10 and 
Lactobacillus casei GM10 compared to standard drugs (piperazine 

citrate and albendazole)
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reported by Bharti et al., [11] L. plantarum and L. acidophilus exhibited 
100% paralysis of worms within 48 hrs. Extract containing metabolites 
of Bacillus cereus and Bacillus pumilus also showed significant 
anthelmintic activity in paralyzing the worms. Probiotic bacteria have 
a symbiotic relation in the human gut and tested LAB strains showed 
good acid and bile salt tolerance activity in the previous reported study, 
therefore our study to assess the anthelmintic activity based on the fact 
that the LAB strain can kill intestinal worms without affecting natural 
gut balance and would not show any resistance in anthelmintic due to 
having human origin.

CONCLUSION

In vitro anti-inflammatory activity and anthelmintic activity of tested 
strains are the novel studies employed for assessing therapeutic 
applications of E. faecium BM10 and L. casei GM10 strains. Lyophilized 
LAB solution of tested strains showed significant anti-inflammatory 
activity as well as ICFE of both tested probiotic strains exhibited potent 
anthelmintic activity. In vitro studies are the first step to assess any 
microbe or compound for their therapeutic potential followed by in vivo 
activities. Significant findings of in vitro assay assured and forced for 
conducting in vivo activities, and future studies of tested LAB strains 
will be carried out in this direction.
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