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Aim: Lactobacillus rhamnosus (LR) is a probiotic bacterium that maintains gut health, has immunomodulatory
capabilities, and can eliminate toxins. Toxicology studies have reported LR’s toxin-binding properties. This study
aimed to evaluate LR’s bioactive effects against toxins.

Methods: Research investigations on the bioactive impacts of LR on cytotoxic experimental studies were se-
lected following PRISMA standards. Various medical topic headings (MeSH) were used to search for relevant
articles. The selection criteria are convergent towards the subject of interest, and studies conducted in English
and subjected to peer review are considered

Results: Five of the 141 articles found within the scope of our research were evaluated. L. rhamnosus can hinders
the transport, metabolism, and absorption of aflatoxins. Even a single dosage of the LR shows a decrease in toxin
concentration.

Conclusion: LR can inhibit bacterial adhesion of Aflatoxin B1 (AFB1), bioavailability of toxins via intestinal
epithelium, indicating that LR may be a potential probiotic to protect against toxins via gastrointestinal tract.

Keywords: Aflatoxins; Probiotics; Systematic Analysis; Toxicology

Abbreviations: LR: Lactobacillus Rhamnosus; LAB: Lactic Acid Generating Bacteria; PRISMA: Preferred Report-
ing Items for Systematic Reviews and Meta Analyses; HPLC: High Performance Liquid Chromatography; QPS:
Qualified Presumption of Safety

Introduction

Lactobacillus rhamnosus (LR) GG (ATCC, 53103) is a probiotic bac-
terium that helps to maintain the equilibrium between beneficial and
harmful bacteria in the gastrointestinal tract, which in turn supports
gut health. It also has the potential to possess immunomodulatory ef-
fects, which would strengthen the body’s defence mechanisms against
illness, especially infections via the intestinal lining [1]. On the other
hand, it has been observed that LR can cause anti-inflammatory ef-
fects and that these effects can alleviate inflammation associated with
intestinal diseases. The ability of certain strains of L. rhamnosus to
bind to toxins and block their absorption in the gut made it significant

in toxicology research [2]. L. rhamnosus is a gram-positive bacterium
initially isolated in 1987. It is used as a probiotic due to its bioactive
property to resist gastric acid as well as bile [3]. Moreover, its strong
adhesion to human intestinal mucosal cells was reported by Walter
in 2008, which provides it a significant characteristic. LR has strong
adhesive characteristics that can prevent or diminish the attachment
of harmful microorganisms and also generate chemicals that counter-
act foodborne pathogens. Owing to its high adhesive qualities, LR has
the ability to exclude or reduce the adhesion of pathogenic organisms,
and it also has the capability to produce distinct chemical substances
that are hostile to foodborne pathogens [4]. Toxins are harmful sub-
stances that can be chemical, physical, or biological agents affecting
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living organisms and causing harm to the living entity. The probiotic
bacterium LR, which has the ability to bind to toxins and prevent their
absorption in the gastrointestinal system, is an intersection within
this subject that converges the focus of many researchers. Its charac-
teristic to attach to toxins and hinder their absorption in the digestive
system is distinct. Since L. rhamnosus is recognized to play a role in
supporting gut health and because of its capacity to bind efficiently to
toxins, it is a key subject and prominent focus in toxicology studies in
the field of toxicology research [5].

L. rhamnosus is responsible for the binding process that takes
place within the gut. It adheres to toxins and blocks them from be-
ing absorbed into the bloodstream. This connection may be essential
for detoxification procedures, and taken into account, this interplay
also provides insights into potential therapeutic applications. The
dynamic process of LR interference with toxin absorption can affect
the overall toxicokinetic of substances that are ingested, which acts
as an impediment for endotoxemia [6]. Furthermore, LR can modu-
late inflammatory responses, which positions it as a viable option for
treating disorders connected with inflammation, such as inflamma-
tory bowel diseases. Within the realm of toxicology research, LR is a
versatile bacteria because of its dual functioning, which includes the
ability to bind to toxins and possess anti-inflammatory characteristics

[7].

Moreover, the immunomodulatory properties of LR boost the
body’s defense mechanisms against infections, particularly those
that originate through the gut epithelium. This broadens the scope
of research in toxicity and indicates potential routes for therapeutic
approaches that aim to strengthen the immune system through the
injection of particular strains of LR [5]. Aflatoxin, a natural mycotoxin,
is naturally produced by Aspergillus flavus and Aspergillus parasiti-
cus. It poses significant health risks because it causes pollution in the
food and feed resources of living things [8]. Aflatoxins are defined as
human carcinogens and categorized in Group 1 by the International
Agency for Research on Cancer (IARC). There is a correlation between
exposure to aflatoxin and an increased chance of developing liver can-
cer, stunted growth in children, inhibition of the immune system, and
acute toxicity (Simmonds, 2004). The implementation of sound agri-
cultural practices, appropriate storage conditions, and post-harvest
management measures are all part of the efforts that are being made
to reduce the amount of aflatoxin contamination.

For the purpose of ensuring the safety of food products, regulato-
ry procedures and high-quality control requirements are also essen-
tial [9]. There is a potential for chronic exposure to aflatoxins to affect
more than 5 billion people living in underdeveloped countries around
the world. AFB1, which is the most powerful AF that has ever been
discovered, is categorized as a human carcinogen in class 1. While the
cytochrome P450 enzyme system is involved in the detoxification of
AFB1, the reaction it carries out results in the production of a highly

reactive intermediate known as AFB1-8,9-epoxide. This intermediate
interacts to nucleophilic sites in DNA, thereby generating an adduct
that is essential for the development of cancer caused by AFB1. An
association between AFB1 and mutagenesis has been proposed as a
possible explanation for the increased level of chromosomal instabil-
ity observed in Chinese hepatocellular carcinomas in comparison to
primary liver carcinomas on the European continent [10]. Aspergil-
lus flavus, Aspergillus parasiticus, and Aspergillus nomius mycotoxins,
which can be frequently detected in food and animal feed, are the
most lethal and dangerous species. Several different types of crops,
such as corn, sorghum, nutmeg, rice, tree nuts, figs, peanuts, ginger,
and milk, are susceptible to contamination by these chemical sub-
stances. The production of aflatoxins occurs before to and during the
harvesting and storage of crops, as well as after the processing and
manufacturing of the crop. There have been reports of high levels of
contamination with aflatoxin B1 (AFB1), which is the most common
and toxic of the aflatoxins, and these levels have exceeded the maxi-
mum permitted limit. The limitations differ from country to country,
with the countries that make up the European Union having a maxi-
mum level of 0.01 mg/kg for calves, the United States having a level
of 0.02 mg/kg for the action level, and China having a level of 0.05
mg/kg for the maximum level. After being converted into aflatoxin M1
(AFM1), the toxin is then released into the tissues, biological fluids,
and milk of lactating animals when it is ingested in the form of food or
feed that is infected with aflatoxin AFB1.

Hepatotoxicity, carcinogenicity, teratogenicity, and immunosup-
pression are all characteristics shared by AFB1 and AFM1. These two
proteins disrupt multiple metabolic processes and cause harm to the
liver, kidneys, and heart [11]. Lactic acid generating bacteria (LAB),
and lactobacilli in particular, are responsible for the health-promoting
benefits observed in humans and animals. Studies have shown that
LAB is associated with a wide variety of genus, species, and strain-spe-
cific binding capabilities. This indicates that LAB is also crucial for
lowering the bioavailability of AFs. The possible antigenotoxic and an-
ticarcinogenic properties of probiotics are currently attracting much
attention within the scientific community. L. rhamnosus GG is a pro-
biotic bacteria that has been extensively researched and is currently
being utilized in clinical trials for the purpose of effectively treating
and preventing intestinal problems such as diarrhea and inflammato-
ry bowel diseases [10]. The specific strain of LR MP108 as a probiotic,
a lyophilized powder of this strain, which was isolated from the faeces
of infants as well as LR GAF01, both of which are capable of removing
the harmful effects of AFM [11]. Ultimately, the intricate connection
between L. rhamnosus and toxicology demonstrates an intriguing in-
teraction between probiotic bacteria and hazardous chemicals in the
gut. Studying this link enhances our comprehension of the intricate
interactions in the gut and shows potential for creating innovative
detoxification and disease control approaches. So, this study aims to
investigate the bioactive effects of L. rhamnosus in toxicology studies.

Copyright@ : Yahya Altinkaynak | Biomed ] Sci & Tech Res | BJSTR.MS.ID.009625.

53826


https://dx.doi.org/10.26717/BJSTR.2025.61.009625

Volume 61- Issue 4

DOI: 10.26717/BJSTR.2025.61.009625

Material and Methods
Data Sources and Search Strategy

The methodology highlights the importance of selecting accept-
able research investigations to investigate the bioactive effects of L.
rhamnosus on cytotoxic experimental studies for the future implica-
tions of utilizing LAB bacteria L. rhamnosus. In order to ensure that
the research is being carried out in an efficient manner, the study is
carried out in accordance with the standards established by the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) standards. For the purpose of ensuring that all variables
are included in the search and verifying that they are present in sev-
eral databases, the reviewer made use of the “And” operator that is a
part of Boolean logic. For the purpose of the investigation of the item,
a wide range of medical topic headings (MeSH) were utilized. The
research was carried out using a wide range of academic databases,
such as Elsevier, Scopus, ResearchGate, the National Library of Fron-
tiers, Pubmed Central (PMC), Medicine (Pubmed), and Google Schol-
ar. To conducting a search for this research, the search for this article
utilized a number of different medical subject headings (MeSH), some
of which included “Cytotoxicity” AND/OR “lactic acid bacteria” AND/
OR “L. rhamnosus” AND /OR “ toxicology” AND/OR “toxicity” AND/OR
“bioactive effects “ AND/OR “ bioactive properties” for example.

Eligibility Criteria and Study Selection

The selected and eligible studies for the study investigation were
convergent towards the subject of interest. Inclusion and exclusion

criteria were defined for the review itself. The focus of this study was
on LR and the effect it had on toxins; only articles that were specifi-
cally related to this topic were considered for inclusion. Studies con-
ducted in the English language and subjected to peer review, which
demonstrated the scientific validity and precision of the text, were
considered for inclusion. This was accomplished with the assistance
of intellectual contributions from every reviewer. The exclusion cri-
teria were centred on the exclusion of studies that lacked the entire
literature of the topic or had partial literature. The research that was
conducted in languages for which there were no translations avail-
able were excluded to guarantee linguistic consistency and accessi-
bility. The application of these standards improves both precision and
accuracy and plays an essential part in ensuring that research assess-
ments continue to preserve their methodological integrity.

Data Collection and Data Items

The research selection criteria were consistently applied to
achieve a uniform and transparent methodology. Reviewers were
tasked with either approving or denying research ideas during the
screening process based on predefined criteria. The PRISMA guide-
lines were followed diligently during the process, involving the analy-
sis of the paper’s title and abstract, as well as a comprehensive review
of qualifying articles, among other steps [12]. Figure 1 displays the
PRISMA figure utilized for research identification. The reliability and
precision of the findings were guaranteed by the careful selection and
organization of the appropriate clinical trial. The experts meticulous-
ly analyze each search result to enhance its reliability and minimize
the risk of selection bias.
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Figure 1: Bioactive Role of Lactobacillus rhammnosus.
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Data Management

Effective data management is essential for research studies to
produce reliable and accurate results. The data is stored securely on
a Google Drive account. The researchers utilized their personal lap-
tops to safeguard and save their research, publications, and results,
assuring the security and confidentiality of the content. The research-
ers utilize their personal laptops to carry out all operations, such as
downloading and analysing data. Additionally, alternate methods for
data preservation and storage include cloud storage, USB devices, and
CDs, which are commonly used for data storage and management.

Results

Six studies were included in the meta-analysis by searching the
databases. The step-by-step selection mechanism is explained in
Figure 2. As can be seen, 159 articles were found through database
searching, and five articles were found through other various sources.
Following the elimination of duplicate papers based on title, authors,

and abstract, 111 articles were left. The papers duplicate reports 141
based on reporting from the same population at the same time, the
paper in which the method was not reported, the articles in which
data was not reported correctly, and the 103 articles in our literature
review that remained for reviewing and assessing of 92 eligibility cri-
teria were excluded from the study. The total number of articles that
were excluded from the study was 141. 33 publications were not in-
cluded in the study due to a variety of factors, including the following:

1. The analytical method was not clearly documented

2. Sufficient data were not supplied in the abstract of the arti-
cles, and

3. The full text was not available
4. This meta-analysis included five research.

Additionally, the Forest Plot chart of our meta-analysis is shown

in Figure 3.
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Figure 2: PRISMA Diagram.
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Meta Analysis

Study Name

Event  Lower Upper

Rate  limit  limit
Zhang etal. 2019 0.01 0.002 0.022
Deabes et al. 2012 0.11 0.003 0.029
Zhang etal. 2020 0.01 0.021 0.035
Gratz etal. 2007 0.02 0.040 0.113
Abbes etal. 2013 0.017 0.018 0.019

Pooled 0.019, Heterogeneity I-squared 99.42

Relative
weight
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32.21
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Figure 3: Effectivity of L. rhamnosus Against Aflatoxins.

Discussion

L. rhamnosus, the rod-shaped, Gram-positive bacteria that does
not produce spores, can be discovered in fermented mare’s milk,
newborn faucal samples, and human breast milk. The European Food
Safety Authority (EFSA) has bestowed upon the species the status of
Qualified Presumption of Safety (QPS), and it is included in the joint
authoritative inventory of microorganisms that is maintained by the
European Food and Feed Cultures Association and the International
Dairy Federation. The potential application of L. rhamnosus MP108 as
a probiotic has been used to conduct the study against aflatoxins. For
the purpose of determining whether or not it was genotoxic, the re-
search utilized L. rhamnosus MP108 as a test material. Different doses
of L. rhamnosus MP108 were administered to the rats. The chemical
that was being tested was made using sterile water and kept at a tem-
perature that was lower than -15 degrees Celsius. The test chemical
was given to Kunming mice that were in good health at doses of 1.4,
2.8, or 5.6 grams per kilogram of body weight. It was noticed that the
rats exhibited symptoms of illness, their body weight, the amount of
food they consumed, ophthalmologic examinations, and blood sam-
ples were taken for hematology and blood biochemistry. According to
the findings, L. rhamnosus MP108 was a powerful and potentially haz-
ardous agent for the health of humans. It further elucidates that the L.
rhamnosus MP108 had a considerable influence on the spermatocytes
as well as the liver, and the liver and liver of the rats were significantly
affected. L. rhamnosus MP108 revealed that none of the strains that
were examined exhibited any mutagenic effects or toxicity. During the

90-day toxicity trial, there were no observations of death or adverse
clinical findings associated with therapy. There were no impacts that
were statistically or physiologically significant on the parameters
that were examined, indicating it might have an effect on removing
toxins causing liver damage [13]. Aflatoxin M1, also known as AFM1,
which is a hepato-carcinogenic metabolite, induces detrimental ef-
fects on health. The research to identify food-grade probiotic bacteria
that are capable of degrading or binding AFM1 in vitro, and to deter-
mine whether or not the same organism(s) may play a protective role
against AFM1-induced immunotoxicity in mice that were exposed to
Balb/c conditions was conducted where PBS and skim milk were both
environments in which the selected bacteria were able to “remove”
AFM1. Additionally, the research demonstrated that L. rhamnosus
GAFO01 possessed the capability to bind AFM1 in vitro and mitigate
the immunotoxicity that was generated by AFM1. An AFM1 solution
and a high-performance liquid chromatography (HPLC) column were
utilized in the research project in order to conduct an analysis of arti-
sanal butter produced in Tunisia from cow’s milk.

Using high-performance liquid chromatography (HPLC), the sam-
ples were obtained from local producers. A formula was utilized to
determine the percentage of AFM1 that was bound to bacteria. The
formula utilized was as follows: 100% multiplied by (1.00 minus
[peak area of AFM1 in the supernatant/peak area of AFM1 in pos-
itive control sample]). For the purpose of conducting in vivo inves-
tigations, forty-eight male Balb/c mice were randomly assigned to
one of four treatment groups. To analyse immune system-related
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endpoints, blood samples were taken from the retro-orbital plexus.
These endpoints included total white and red blood cells as well as
lymphocyte T-cell subtypes. In addition, it has been reported that L.
rhamnosus isolated from butter can bind AFM1 and reduce its immu-
notoxic potential in in vivo and in vitro studies. Therefore, it can be
concluded that consuming isolated L. rhamnosus GAF01 as a supple-
ment or functional food may support detoxification in terms of health
[14]. On the other hand, L. rhamnosus GG (LGG) is suggested to be
an effective probiotic that can bind AFB1 to peptidoglycan structures
in the bacterial cell wall. Therefore, they play an important role in
the destruction of aflatoxins. In the investigation, AFB1 was utilized,
which was created through the cultivation of a toxic strain of A. fla-
vus and L. rhamnosus GG. The concentrations of AFB1 and AFB2 were
24.01 mg/kg and 0.25 mg/kg, respectively, after being measured.
A simple experiment was designed, and a total of 24 male Holstein
calves were divided into 3 groups and examined: Control, AFB1 ap-
plied group, and L. rhamnosus applied group in addition to AFB1. The
AFB1 dose was obtained by combining the AFB1 grain carrier with
the usual pellet concentrate feed. The calves were given a suspension
of LGG in PBS on a daily basis [11]. A number of different samples
of rumen fluid, blood, urine, and feces were collected for the study
at various points in time following the injection of AFB1. Collection
and filtration of rumen fluids, blood samples, urine samples, and fac-
es samples were all activities that were carried out. The Heilongjiang
Electric Power Hospital received samples of plasma for the purpose of

Table 1: Characteristics of Studies Included.

conducting an analysis. Both immunoaffinity column purification and
high-performance liquid chromatography were utilized to determine
the quantities of AFB1 and AFM1. HPLC was utilized in order to ascer-
tain the level of AFB1-albumin adduct that was present in the plas-
ma samples. This study aims to gain an understanding of the effects
that AFB1 has on the production of ruminants. To identify aflatoxin in
rumen fluid, plasma, urine, and feces, the research utilized an HPLC
system that was equipped with a Waters binary pump and a Waters
2475 fluorescence detector. The limits of detection for AFB1, AFM1,
and the adduct of AFB1 with albumin were, respectively, 300 ng/mL,
10 pg/mL, and 0.4 pg/mL. The growth performance of calves was
comparable across all three groups, and the administration of AFB1
resulted in a decrease in the average daily growth rate (ADG). The
fact that the administration [15-22] of LGG did not have a substantial
impact on body weight gain lends credence to the hypothesis that the
essential function of LGG may minimize the amount of free AFB1 that
is available within the intestinal tract, hence lowering the toxicity of
the substance. LGG had a substantial impact on the levels of aflatoxins
that were present in the rumen fluid, blood, and excretions of dairy
calves that were given a single dosage of aflatoxin B1. The presence of
AFB1 and AFM1 was not found in any samples taken either before or
after the administration of AFB1, and the toxin was found to be rapid-
ly dispersed in the digesta and rumen fluid. The elimination of AFB1
occurred quickly, with significant variations being detected between
individuals (Table 1).

S, Region Aim Experupental Participants | Intervention Outcome
Year subject
. Toxins were found in the rumen fluid, blood, and
Evaluation of L. ine of cal d the ab. . . d
thamnosus GG effect urine of calves, and the absorption, excretion, an
(LY on hepatotoxicity and Lactobacillus distribution of AFB1 and AFM1 occurred rapidly.
. b ty Male Holstein The administration of Lactobacillus rhamnosus GG
Zhang, et | China | growth as well as de- 1 24 rhamnosus GG ffected th icokinetics of AFB1 in the urine of
al. [11]) termine the absorption calves (ATCC 53013) affected the toxico metlcs.o i in the urine o
' and elimination of calves, as well as a reduction in the absorption of
. AFB1 in the gastrointestinal tract, thus decreasing
Aflatoxin B1. . L
the hepatotoxic activity.
Determine the antioxi- Nephrotoxicity, hepatotoxicity, genotoxicity, and
dant, antigenotoxic, Lactobacillus | spermatotoxicity are caused by aflatoxins. Through
(Deabes, et E ¢ and antispermato- Male albino 120 rhamnosus GG | the prevention of oxidative stress, the maintenance
al. [10]) &ypP toxic activities of L. mice ATCC53013 of glutathione content, and the maintenance of
rhamnosus GG against (LGG) stable SOD activity, oral administration of LGG
mycotoxin AFs. cultures helps to ameliorate these effects.
Determine the effect . S . .
of L. rhamnosis MP108 Lactobacillus These investigations provide eVldenc'e that L. 'rhufn—
(B Zhang, China | strain obtained from Rats 30 hamnosis nosus MP 108 is safe to use as a prebiotic, which is
etal. [13]) infant faeces for MP108 in line with the findings of other strains and conta-
toxicity ins the ability to act against aflatoxin toxicity.
Evaluate the protecti- AFML1 is responsible for the physiological problems
(Abbes, et ve effect that L.R. was Lactobacillus observed in the mice. L. rhamnosus, which is found
al. [1 4,]) Iran able to play against Mice 48 rhamnosus in Tunisian artisanal butter, can attach to AFM1
’ AFM1-induced immu- GAF01 and reduce its immunotoxic potential, making it a
notoxicity in mice. possible in vivo detox treatment agent.
Investigate the impact .
(Gratz et that L. rhamnosus has | Human intes- rﬁfﬁ?{i“:gg:ﬂ_ The results elucidate that bacteria binding to AFB1
al,, 2007) Finland | on the modification of | tinal cell line in GG (ATCC will likely affect its bioavailability, ultimately redu-
v AFB1 on human intes- Caco-2 53013) cing the toxicity load.
tinal cell line Caco-2.
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The concentration of AFB1 in plasma was at its greatest four
hours after the delivery of AFB1, and it swiftly fell after that point.
According to the findings of the study, it is suggested that L. rham-
nosus GG application can support the removal of AFB and AFM from
the gastrointestinal tract through feces by forming a complex. Urine
is one of the fluids in which aflatoxin metabolites remain for the lon-
gest period of time after the elimination of toxin feed. The excretion
pattern of AFB1 and its metabolite was unexpectedly regular, and the
presence of toxins was observed in samples in a short amount of time
following a single administered oral dose of AFB1. LGG was adminis-
tered, and the results showed that the quantities of AFB1 and AFM1
in the rumen fluid, plasma, and urine were reduced. However, the con-
centrations in the faces were raised. The clearance pattern of AFM1 in
urine occurred primarily in the first two days following the adminis-
tration of AFB1, with a drop in AFM1 concentration of 93.10% when
compared with the peak value of toxin concentration in the group that
received only AFB1. The treatment of LGG resulted in a considerable
reduction in the toxicokinetic of AFB1 and AFM1 in urine [11]. Addi-
tionally, the protective effects of L. rhamnosus against some toxicities
and damages in the 10 research article findings are shown in the table
below (Table 2).

Table 2: Effects of Lactobacillus rhamnosus Against Toxicities.

Effects of Lactobacillus rhamnosus Refrences
Reducing pesticide absorption and toxicity [15]
Reducing deoxynivalenol toxicity [16]
Reducing staphylococcus toxicity in keratinocytes [6]
Reducing the neurological toxicities of [17]

perfluorobutanesulfonate

Protective against aflatoxin-induced toxicity [10]
Limiting deoxynivalenol toxicity [18]
Protection against TiO, induced oxidative stress [19]
Liver protection against AFB-induced inflammation [20]
Protective against cisplatin-induced hepatic damage [21]
Reducing chili extracts induced gut inflammation [22]

Limitations

The literature search and screening may have missed relevant
publications that were not properly indexed or tagged with the speci-
fied keywords. The dynamic nature of scientific databases also means
new records are continually added, so updated searches closer to
publication should capture the latest material. Different results can
be obtained by using different databases such as Pubmed and Google
Scholar.

Conclusion

Probiotics, which have become popular and are used as food sup-
plements by humans in recent years, are gaining more importance
in antioxidant, anti-inflammatory system, and toxicological studies.

This study evaluated Lactobacillus rhamnosus using a meta-analysis
method on original research articles in toxicology in medical litera-
ture. In this context, even after a single dose, L rhamnosus is able to
reduce toxin content not only through the intestine but also in the
urine. Also, L. rhamnosus can reduce the absorption and use of toxins
in the digestive system into the circulatory system. L. rhamnosus may
protect the gut-brain axis with its effects on reducing inflammation in
the intestines, but its more effective point is that it is a probiotic with
protective effects against toxins such as aflatoxins. In this context, it is
thought that there is a need for more comprehensive and supportive
scientific results with detailed and innovative clinical studies.
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