Therapeutic efficacy of Lactobacillus acidophilus and medicinal plant Calotropis procera on experimentally infected mice with Trichnella spiralis
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 Abstract 
Background: Trichinellosis is a food-borne parasitic disease caused by ingestion of meat contaminated with Trichinella spiralis larvae and remains a global health concern. Despite the effectiveness of albendazole as the standard treatment, its limitations, including incomplete efficacy in certain stages and potential adverse effects, have encouraged researchers to explore alternative therapeutic strategies (23).  The pathology of trichinellosis is associated with initial inflammatory response during the intestinal phase, and subsequent allergic and inflammatory responses during larval migration and invasion of the host muscles (10). 
 Aim: This study aimed to evaluate the therapeutic efficacy of Lactobacillus acidophilus and Calotropis procera on experimentally intestinal Trichnella spiralis infected mice. 
[bookmark: _Hlk198658258]Materials and methods: mice were classified into 4 main groups; each group contains 5 mice: Group I: Non infected, non-treated (normal control). Group II: Infected non treated (infected control). Group III: Infected and treated with L. acidophilus 109  CFU/ml/100 μL daily for 3 consecutive days from 3rd day p.i. Group IV: Infected and treated orally (500 mg/kg for 3 consecutive days from 3rd day p.i) by aqueous stem latex and flowers of Calotropis procera. Parasitological counts and oxidative stress markers (MDA, GST) were assessed. 
Results: Calotropis procera and L. acidophilus showed significant reductions compared to infected controls. 
Conclusion: Calotropis procera and L. acidophilus exhibit promising antiparasitic effects against intestinal T. spiralis, supporting further investigation into plant- and probiotic-based therapies.
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Introduction 
Trichinellosis is a zoonotic parasitic infection acquired through consumption of raw or undercooked meat containing infective larvae of Trichinella spiralis. The disease is characterized by inflammatory and immune-mediated pathology (17).
Although Albendazole remains the standard treatment, limitations including incomplete efficacy and potential side effects have encouraged the exploration of alternative therapeutic strategies. Medicinal plants such as Calotropis procera reported antimicrobial and anti-inflammatory activities. In parallel, probiotics including Lactobacillus acidophilus have demonstrated immunomodulatory properties and beneficial effects on intestinal homeostasis (20).
Also, probiotics such as Lactobacillus acidophilus have gained attention due to their role in modulating gut microbiota and enhancing host immune responses. The mechanism of action of probiotics is related to their ability to compete with pathogens for adhesion sites, to enhance mucosal barrier activity, to produce antibacterial agents known as bacteriocins or to modulate the host's immune response, although these abilities are strain dependent (13).
According to global health reports, a large proportion of populations in developing countries continue to depend on traditional plant-based remedies as a primary source of health care needs. C. procera is known to possess antioxidant, antipyretic, antifungal, antimicrobial, analgesic, anti-inﬂammatory and antinociceptive properties which have been attributed to its phytochemical composition. Over the years, these pharmacologically active constituents have been used in traditional medicine to treat illnesses (18).
Given to these properties, both Calotropis procera and Lactobacillus acidophilus represent promising alternatives or adjuncts to conventional therapy. Therefore, this study aimed to evaluate their therapeutic efficacy in experimental Trichinella spiralis infection.
Materials and methods 
This study was conducted at parasitology department, Faculty of Medicine, Benha University and zoonotic diseases department, Theodor Bilhars Research Institute (TBRI). The research protocol was approved by Research Ethics Committee, Faculty of Medicine, Benha University, Egypt. The study started from June 2024 to August 2024.
Parasite and animals 
Inclusion criteria: Twenty laboratory –bred adult male Swiss albino mice weighting nearly 20-25 gm selected from the animal house of TBRI, Giza, Egypt were used in this study. The experimental animals were kept in suitable air conditions and available accessibility to food and water. Mice were infected orally with 250-300 larvae/mouse.
Exclusion criteria: The mice did not suffer from any infections and did not take any medications. 
Drugs 
· Probiotic bacteria: Lactobacillus acidophilus (L. acidophilus) was given in a dose of 109  CFU/ml/100 μL daily for 5 consecutive days from 3rd day p.i (5).
· Calotropis procera: Herbal plant was taken orally in a dose of 500 mg/kg for 5 consecutive days from 3rd day p.i by aqueous stem latex and flowers of Calotropis procera (20).
Mice infection and experimental Design: 
Mice were infected orally with 250-300 larvae/mouse. Mice were classified into 4 main groups; each group contains 5 mice: Group I: Non infected, non-treated (normal control). Group II: Infected non treated (infected control).Group III: Infected and treated with L. acidophilus 109  CFU/ml/100 μL daily for 3 consecutive days from 3rd day p.i. Group IV: Infected and treated orally (500 mg/kg for 3 consecutive days from 3rd day p.i) by aqueous stem latex and flowers of Calotropis procera. 
Evaluation of drug efficacy 
❖ Parasitological assessment: - 
Intestinal specimens were taken from all sacrificed mice for Trichinella Spiralis adult worm detection and counting (2). 
❖ Serological assessment: - 
Blood samples were taken from all sacrificed mice for measurement of malondialdehyde & Glutathione-S- Transferase (11) using kits supplied from sun-red diagnostics by spectrophotometric method.
Statistical analysis 
[image: ] Data was analyzed using SPSS version 20. Results were expressed as mean ± standard deviation (SD). Statistical significance was determined using ANOVA followed by Bonferroni post hoc test.
When P was less than 0.05, the values were deemed to be statistically significant. The formula that was used to determine the infection reduction rate was as follows: (Mean value of the infected untreated group - Mean value of the infected treated group) X 100 / Mean value of the infected untreated group. 
Results
Ӏ- Parasitological results 
· [bookmark: _Hlk183558622][bookmark: _Hlk183557235]The mean number of T. spiralis worms and the efficacy percentage of the studied drug at 7th dpi are shown in Table 1. Mean worm count for infected control group (group II) was 97 ± 4.7. The mean number of worms in the intestine of mice treated with Lactobacillus acidophillus (Group III) and Calotropis procera (Group IV) were 74.2 ± 9.15, and 61.6 ± 4.7 respectively.
· There was a high significant decrease in the worm count in mice treated with Calotropis procera (group IV) compared to infected control group (group II), suggesting  37.9% efficacy respectively against the parasite. 
Table (1): T. spiralis adult worms count recovered from intestine among studied groups (7th day post infection).
	[bookmark: _Hlk173499182]Groups (5 mice in each treated group)
	Mean ± SD
	R%
	LSD

	Negative control group
	0.00 ± 0.0
	--
	<0.001

	Positive control group (Gp II)
	97 ± 4.7
	--
	<0.01

	[bookmark: _Hlk183557029]Lactobacillus acidophillus treated group (GP III)
	74.2 ± 9.15
	18.3%
	<0.01

	[bookmark: _Hlk183557065]Calotropis procera treated group (GP IV)
	61.6 ± 4.7
	37.9%
	<0.01


[image: ]
Fig. (1). T. spiralis adult worms count recovered from intestine among studied groups (7th day post infection).


IӀ- Serological results:
[bookmark: _Hlk227708398][bookmark: _Hlk184165989]Measurement of malondialdehyde “MDA”. 
Table (2): MDA level during the intestinal phase of infection:
	[bookmark: _Hlk227706993]Groups (5 mice in each treated group)
	Mean ± SD
	R%
	LSD

	Negative control group
	0.98 ± 0.19
	--
	--

	Positive control group (Gp II)
	8.38 ± 0.35
	--
	--

	Lactobacillus acidophillus treated group (GP III)
	2.9 ± 0.38
	67.8%
	<0.01

	Calotropis procera treated group (GP IV)
	5.48 ± 0.19
	35.1%
	<0.01


· [bookmark: _Hlk227706401]MDA level during the intestinal phase of infection:
[bookmark: _Hlk227706813]      The MDA mean in the negative control group (non-infected, non-treated mice) was 0.98 ± 0.19. The MDA mean was significantly higher in the positive control group (GP II) as compared to all other study groups (8.38 ± 0.35).
      The MDA mean in mice infected and treated with Lactobacillus acidophilus (GP IV) was 2.9 ± 0.38. The MDA mean in mice infected and treated by Calotropis Procera (GP V) was significantly lower than levels in infected non treated mice (5.48 ± 0.19).
Measurement of Glutathione S Transferase “GST”
[bookmark: _Hlk227708682]Table (3). GST level during the intestinal phase of infection:
	Groups (5 mice in each treated group)
	Mean ± SD
	R%
	LSD

	Negative control group
	1.98 ± 0.34
	--
	--

	Positive control group (Gp II)
	6.9 ± 0.27
	--
	--

	Lactobacillus acidophillus treated group (GP III)
	3.14 ± 0.3
	52.4%
	<0.01

	Calotropis procera treated group (GP IV)
	6.06 ± 0.2
	11.4%
	<0.01



· GST level during the intestinal phase of infection:
      The GST mean in the negative control group (non-infected, non-treated mice) was 1.98 ± 0.34. The GST mean was significantly higher in the positive control group (GP II) as compared to all other study groups (6.9 ± 0.27).
      The GST mean in mice infected and treated with Lactobacillus acidophilus (GP III) was 3.14 ± 0.3. The GST mean in mice infected and treated by Calotropis Procera (GP IV) was lower than levels in infected non treated mice (6.06 ± 0.2).
Discussion
Trichinellosis is a food-borne parasitic disease caused by eating raw or undercooked meat containing the infective larvae of Trichinella nematodes (19). Therapeutic approaches to Trichinella infection can primarily involve the use of anthelmintics, specifically albendazole and mebendazole (6).
Recent limitations in traditional therapeutic strategies have led to an increased interest in the exploration of novel treatment options. Probiotic bacteria have been highlighted as potential therapeutic agents (8).
Probiotics reduce the parasite load and associate pathological changes in experimental Trichinella infection by enhancing both local and systemic immune responses (24). Calotropis procera also proved a measurable impact on parasite burden. This effect is likely related to its bioactive compounds, which have anti-inflammatory and possibly antiparasitic properties. The plant’s phytochemical constituents may contribute to disrupting parasite metabolism or enhancing host defense mechanisms (1).
Both Lactobacillus acidophilus and Calotropis procera exhibited notable antiparasitic effects, suggesting their possible use as supportive or alternative therapies. Therefore, further studies are recommended to explore best dosing, combinations, and mechanisms of action.
This agreed with a study done by (9) that probiotics, particularly Lactobacillus species were effective on the mean count of adult T.spiralis in samples of intestinal content that were (53 ± 2.94) in comparison to the infected non treated group (66.75 ± 3.77) with (20.6%) percentage of reduction which was statistically significant (P value <0.05). Our findings agreed with many authors (4), (7), (16) and (8) explained the resistance to infection with probiotic treatment is due to the ability to prevent the development of infective larvae by removing adult worms from the small intestine, limiting the fertility of adult females, and destroying newborn larvae.
(12) also said that the host can elicit an immune response in response to parasite invasion by activating immune mechanisms at the intestinal level, where the parasite and gut microflora interact and change each other as well as the host immune system. 
(3) showed the percentage reduction of adult worms in the intestine 5 days after T. spiralis infection observed in Lactobacillus treated animals, compared with those of the control group, fluctuated between 70.9 and 88.5%.
[bookmark: _Hlk227274225]Lipid peroxidation is a well-established mechanism of cellular injury in humans and is used as an indicator of oxidative stress in cells and tissues. Lipid peroxides derived from polyunsaturated fatty acids, are unstable and can decompose to form a complex series of compounds. These include reactive carbonyl compound, which is the most abundant malondialdehyde (MDA) (22).
[bookmark: _Hlk227275095]Glutathione-S-transferase stands for a critical part of the cellular detoxification system, contributing to the neutralization of reactive intermediates and protection against oxidative damage (21).
According to the serological assessment, the present study showed a reduced level of malondialdehyde (MDA) in Lactobacillus acidophillus treated groups compared to the infected non treated group in the intestinal phase. The MDA mean in mice infected and treated by Calotropis Procera was significantly lower than levels in infected non treated mice.
[bookmark: _Hlk225173394]Lactobacillus strains can significantly decrease levels of MDA, a marker of lipid peroxidation and oxidative stress. Studies have shown that Lactobacillus supplementation can reduce MDA levels in various contexts, including liver protection, myocardial ischemia reperfusion injury, and in the context of oxidative stress (14).
(15) mentioned that in rats, Lactobacillus decreased the levels of myocardial injury markers, reduced the size of the myocardial infarction area, improved the disordered myocardial cell arrangement, and improved cardiac function as Lactobacillus decreased inflammatory factors including MDA. Also, (25) showed that probiotic combinations encompassing Lactobacillus could inhibit lipid peroxidation and reduce MDA levels.
Our study showed a reduced level of Glutathione S-transferase (GST) in Lactobacillus acidophillus treated groups compared to the infected non treated group in the intestinal phase. The GST  mean in mice infected and treated by Calotropis Procera (GP IV) was lower than levels in infected non treated mice.
Conclusion
Lactobacillus acidophillus and Calotropis procera have significant effect against T. spiralis and their efficacy was shown by decreased adult worms.
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