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Abstract. The World Health Organization defines probiotics as “live microorganisms 
which, when administered in adequate amounts, confer a health benefit on the host”. 
One of the most well studied probiotics is Limosilactobacillus reuteri, a Gram-positive, 
rod-shaped bacterium that colonizes the mucosal surfaces of mammals and birds and 
is considered autochthonous to the human microbiome. Genetic analyses have con-
firmed that this microorganism has co-evolved with its host, a prerequisite for the 
development of a mutualistic relation. On the one hand, L. reuteri contributes to the 
health of the host by releasing antimicrobial compounds, such as reuterin, and numer-
ous active metabolites that can cross the epithelial barrier and reach different targets. 
Secondly, it can directly prevent the mucosal colonization by pathogenic bacteria help-
ing in the prevention and restoration of dysbiosis due to the capability of forming bio-
film. The characterization of numerous effector molecules produced by L. reuteri has 
provided a broad understanding of the mechanisms by which it not only displays anti-
microbial and immunomodulatory activities within the gastrointestinal tract but can 
also influence the correct balance of distal locations of the body. This mini-review car-
ries out a brief overview relating to the most well-known properties of L. reuteri high-
lighting the main biological processes involved.
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INTRODUCTION

Named after Gerhard Reuter, the German microbiologist who conduct-
ed pioneering studies on the subject, Lactobacillus reuteri has recently been 
reclassified as Limosilactobacillus reuteri (Zheng et al., 2020). This Gram-
positive bacterium is currently one of the widely-used probiotics, in which 
an increased number of studies support its ability to elicit health benefits to 
the host (Mu et al., 2018). As confirmed by Oh et al., L. reuteri colonizes the 
Gastrointestinal Tract (GIT) of different vertebrates and can be considered 
autochthonous to the human gut. Their phylogenetic analysis speculates the 
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fact that, between this microorganism and the host, 
there is a symbiotic relationship developed from a long-
term evolutionary process (Oh et al., 2009; Walter et al., 
2011). 

As a member of the gut microbiota, L. reuteri strains 
are involved in a complex interplay within the host 
and can exert different antimicrobial, immunostimula-
tory and anti-inflammatory activities (Abuqwider et al., 
2022). In addition to lactic acid and different low-molec-
ular mass compounds, L. reuteri produces a small alde-
hyde, known as reuterin, which is effective in inhibiting 
numerous bacterial pathogens (Castellani et al., 2021). At 
the same time, L. reuteri produces biofilm that provides 
a successful colonization of host-tissues, thus limiting 
the adhesion of pathogens (Grande et al., 2017). The pur-
pose of this mini-review is to provide an overview of the 
most well-known properties of L. reuteri describing its 
potential role in health and disease. 

L. REUTERI BIOACTIVE COMPOUNDS

According to the definition provided by the Interna-
tional Scientific Association of Probiotics and Prebiotics, 
the term “postbiotics” defines a “preparation of inani-
mate microorganisms and/or their components that con-
fers a health benefit on the host” (Salminen et al., 2021). 
In line with this definition, several metabolites produced 
by L. reuteri can be mentioned for their bioactivities and 
they could be part of preparations with postbiotic prop-
erties (Figure 1). 

Reuterin is a water-soluble mixture of different 
forms of 3-hydroxypropionaldehyde synthesized only in 
the presence of glycerol. It shows antimicrobial activ-
ity against Gram-positive and Gram-negative bacteria 
maintaining this effect in a wide range of pH (Cleusix 
et al., 2007). Then, Thomas and colleagues characterized 
the function of L. reuteri 6475-derived histamine. This 
compound is the result of the L-histidine metabolism 
and exerts anti-inflammatory activity via tumor necrosis 
factor suppression (Thomas et al., 2012). Similarly, sev-
eral authors reported that L. reuteri can produce adeno-
sine which can also reduce inflammation by interacting 
with T-cell receptors (Pang et al., 2022; Liu et al., 2023). 
Moreover, some strains, such as L. reuteri CRL1098 and 
L. reuteri JCM1112, can produce vitamins including 
vitamin B12 and vitamin B9 (Mu et al., 2018). 

However, it is reasonable to assume that all the 
health promoting properties could be related to a syn-
ergy between the compounds released by this bacterium. 
For instance, Maccelli et al. found that the Cell Free 
Supernatant (CFS) of L. reuteri DSM 17938 displayed 

antimicrobial and antibiofilm activities versus different 
pathogens, although it was almost impossible to attrib-
ute these functions to a single compound. In fact, the 
metabolomic analysis revealed the complexity of the 
CFS composition making its characterization a chal-
lenging issue (Maccelli et al., 2020; Vitale et al., 2023). 
Furthermore, these studies focused on L. reuteri-derived 
Membrane Vesicles (MVs) which can be produced in 
the planktonic and biofilm phenotypes. As reviewed by 
Krzyżek et al., the MVs secreted by L. reuteri, as well as 
other probiotics strains, are likely one of the effectors 
of the probiotic activity in maintaining physiological 
homeostasis and ameliorate disease conditions (Krzyżek 
et al., 2023). 

HEALTH PROMOTING PROPERTIES OF L. REUTERI 

It is widely known that a balanced gut microbiota 
promotes the health of the host and that probiotics play 
a key role in maintaining tissue homeostasis. Given their 
resistance to low pH and bile salts, multiple L. reuteri 
strains have the potential to colonize the GIT; the adher-
ence to epithelial cells is guaranteed by the expression of 
mucus-binding proteins and the production of exopoly-
saccharides which result in the biofilm formation (Mu 
et al., 2018). L. reuteri competes for nutrients and space 
with other microorganisms, thus limiting their growth. 
As mentioned above, it can release antimicrobial com-
pounds that directly kill pathogens. This probiotic is also 
known for enhancing the function of the intestinal epi-

Figure 1. Graphical summary of Limosilactobacillus reuteri bioac-
tive compounds. Created with BioRender.com.
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thelial barrier by reversing altered transepithelial elec-
trical resistance and increasing the expression of tight 
junction proteins (Gao et al., 2022). It is interesting to 
note that in 2022 Lee and colleagues demonstrated that 
L. reuteri DS0384 accelerated the maturation of fetal 
intestine in stem cell-derived models as well as in vivo 
models. The results obtained using different strains gave 
way to the conclusion that the effect is strain-dependent 
rather than species-dependent (Lee et al., 2022).

 The colonization of the GIT mucosa and the 
immunomodulatory properties attribute L. reuteri 
as having key function that may be effective for the 
management of inflammatory bowel disease. Numer-
ous studies reported that the treatment with L. reu-
teri decreased the levels of pro-inflammatory markers, 
in both in vitro and in vivo models, by regulating Treg 
and dendritic cells (Abuqwider et al., 2022). At the same 
time, Liu and colleagues demonstrated that four L. reu-
teri strains can differentially modulate the release of 
cytokines and chemokines from cultured intestinal cells 
and rat intestine resulting in both immunosuppression 
and immunostimulation (Liu et al., 2010). 

As extensively studied, the cross-talk between probi-
otics and immune system does not only impact the gas-
trointestinal tissue, but correlates with the homeostasis 
of different areas of the body. Fang et al. documented 
the efficacy of L. reuteri treatment in alleviating atopic 
dermatitis in mice (Fang et al., 2022), while, in 2023 Lu 
et al. investigated whether maternal L. reuteri supple-
mentation could restore detrimental neurological altera-
tions in offspring. Given that maternal inflammatory 
states can induce Blood-Brain Barrier (BBB) dysfunc-
tion and neurodevelopment deficits in children, they 
employed rodent models of maternal immune activa-
tion and demonstrated that L. reuteri treatment during 
lactation rescued the BBB deficits in offspring improv-
ing their spatial learning later in life. Even though the 
detailed mechanisms are still unknown, it is plausible 
that these effects are mediated by metabolites and neu-
rotransmitters systemically released by L. reuteri (Lu et 
al., 2023). Thus, as documented for other probiotics, L. 
reuteri participates in the balance of the gut-brain axis 
(Abuqwider et al., 2022). 

CONCLUSION 

The existing body of literature concerning L. reuteri 
allowed its characterization in terms of sites of coloniza-
tion, capability of forming biofilm and release of bioac-
tive compounds. Therefore, all these findings highlighted 
the numerous health promoting properties related to 

this probiotic. This mini-review summarizes some of the 
most well studied L. reuteri strains that are involved in 
health and disease conditions and widely described are 
some of the mechanisms related to their properties. In 
conclusion, studies in this area of research are constantly 
evolving with the purpose of continuous learning relat-
ing to this probiotic. 

REFERENCES

Abuqwider, J., Altamimi, M., and Mauriello, G. (2022). 
Limosilactobacillus reuteri in Health and Disease. 
Microorganisms 10, 522. doi: 10.3390/MICROOR-
GANISMS10030522.

Castellani, C., Obermüller, B., Kienesberger, B., Singer, 
G., Peterbauer, C., Grabherr, R., et al. (2021). Pro-
duction, Storage Stability, and Susceptibility Test-
ing of Reuterin and Its Impact on the Murine Fecal 
Microbiome and Volatile Organic Compound Pro-
file. Front. Microbiol. 12, 699858. doi: 10.3389/
FMICB.2021.699858/BIBTEX.

Cleusix, V., Lacroix, C., Vollenweider, S., Duboux, M., 
and Le Blay, G. (2007). Inhibitory activity spectrum 
of reuterin produced by Lactobacillus reuteri against 
intestinal bacteria. BMC Microbiol. 7, 1–9. doi: 
10.1186/1471-2180-7-101/TABLES/2.

Fang, Z., Pan, T., Wang, H., Zhu, J., Zhang, H., Zhao, J., 
et al. (2022). Limosilactobacillus reuteri Attenuates 
Atopic Dermatitis via Changes in Gut Bacteria and 
Indole Derivatives from Tryptophan Metabolism. Int. 
J. Mol. Sci. 23, 7735. doi: 10.3390/IJMS23147735/S1.

Gao, J., Cao, S., Xiao, H., Hu, S., Yao, K., Huang, K., et 
al. (2022). Lactobacillus reuteri 1 Enhances Intestinal 
Epithelial Barrier Function and Alleviates the Inflam-
matory Response Induced by Enterotoxigenic Escher-
ichia coli K88 via Suppressing the MLCK Signaling 
Pathway in IPEC-J2 Cells. Front. Immunol. 13. doi: 
10.3389/FIMMU.2022.897395/PDF.

Grande, R., Celia, C., Mincione, G., Stringaro, A., Di 
Marzio, L., Colone, M., et al. (2017). Detection and 
physicochemical characterization of membrane vesi-
cles (MVs) of Lactobacillus reuteri DSM 17938. Front. 
Microbiol. 8, 1040. doi: 10.3389/FMICB.2017.01040/
BIBTEX.

Krzyżek, P., Marinacci, B., Vitale, I., and Grande, R. 
(2023). Extracellular vesicles of probiotics: shedding 
light on the biological activity and future applica-
tions. Pharmaceutics 15, 522. doi: 10.3390/PHARMA-
CEUTICS15020522/S1.

Lee, H., Jung, K. B., Kwon, O., Son, Y. S., Choi, E., 
Yu, W. D., et al. (2022). Limosilactobacillus reu-



60 Beatrice Marinacci, Benedetta Pellegrini, Stefan Roos

teri DS0384 promotes intestinal epithelial matura-
tion via the postbiotic effect in human intestinal 
organoids and infant mice. Gut Microbes 14. doi: 
10.1080/19490976.2022.2121580.

Liu, Y., Armbrister, S. A., Okeugo, B., Mills, T. W., Daniel, 
R. C., Oh, J.-H., et al. (2023). Probiotic-derived ecto-
5’-nucleotidase produces anti-inflammatory adeno-
sine metabolites in Treg-deficient scurfy mice. Res. 
Sq. doi: 10.21203/RS.3.RS-2781715/V1.

Liu, Y., Fatheree, N. Y., Mangalat, N., and Rhoads, J. M. 
(2010). Human-derived probiotic Lactobacillus reu-
teri strains differentially reduce intestinal inflamma-
tion. Am. J. Physiol. Gastrointest. Liver Physiol. 299. 
doi: 10.1152/AJPGI.00124.2010.

Lu, J., Fan, X., Lu, L., Yu, Y., Markiewicz, E., Little, J. 
C., et al. (2023). Limosilactobacillus reuteri normal-
izes blood-brain barrier dysfunction and neurode-
velopment deficits associated with prenatal expo-
sure to lipopolysaccharide. Gut Microbes 15. doi: 
10.1080/19490976.2023.2178800.

Maccelli, A., Carradori, S., Puca, V., Sisto, F., Lanuti, P., 
Crestoni, M. E., et al. (2020). Correlation between the 
antimicrobial activity and metabolic profiles of cell 
free supernatants and membrane vesicles produced 
by Lactobacillus reuteri DSM 17938. Microorganisms 
8, 1653. doi: 10.3390/MICROORGANISMS8111653.

Mu, Q., Tavella, V. J., and Luo, X. M. (2018). Role of 
Lactobacillus reuteri in human health and dis-
eases. Front. Microbiol. 9, 315828. doi: 10.3389/
FMICB.2018.00757/BIBTEX.

Oh, P. L., Benson, A. K., Peterson, D. A., Patil, P. B., 
Moriyama, E. N., Roos, S., et al. (2009). Diversifica-
tion of the gut symbiont Lactobacillus reuteri as a 
result of host-driven evolution. ISME J. 4, 377–387. 
doi: 10.1038/ismej.2009.123.

Pang, Y., Ermann Lundberg, L., Mata Forsberg, M., Ahl, 
D., Bysell, H., Pallin, A., et al. (2022). Extracellu-
lar membrane vesicles from Limosilactobacillus reu-
teri strengthen the intestinal epithelial integrity, 
modulate cytokine responses and antagonize activa-
tion of TRPV1. Front. Microbiol. 13. doi: 10.3389/
FMICB.2022.1032202.

Salminen, S., Collado, M. C., Endo, A., Hill, C., Lebeer, 
S., Quigley, E. M. M., et al. (2021). The Internation-
al Scientific Association of Probiotics and Prebiotics 
(ISAPP) consensus statement on the definition and 
scope of postbiotics. Nat. Rev. Gastroenterol. Hepatol. 
18, 649–667. doi: 10.1038/s41575-021-00440-6.

Thomas, C. M., Hong, T., van Pijkeren, J. P., Hemaraja-
ta, P., Trinh, D. V., Hu, W., et al. (2012). Histamine 
Derived from Probiotic Lactobacillus reuteri Sup-
presses TNF via Modulation of PKA and ERK Sign-

aling. PLoS One 7, e31951. doi: 10.1371/JOURNAL.
PONE.0031951.

Vitale, I., Spano, M., Puca, V., Carradori, S., Cesa, S., 
Marinacci, B., et al. (2023). Antibiofilm activ-
ity and NMR-based metabolomic characterization 
of cell-free supernatant of Limosilactobacillus reu-
teri DSM 17938. Front. Microbiol. 14. doi: 10.3389/
FMICB.2023.1128275.

Walter, J., Britton, R. A., and Roos, S. (2011). Host-
microbial symbiosis in the vertebrate gastrointestinal 
tract and the Lactobacillus reuteri paradigm. Proc. 
Natl. Acad. Sci. U. S. A. 108 Suppl 1, 4645–4652. doi: 
10.1073/PNAS.1000099107.

Zheng, J., Wittouck, S., Salvetti, E., Franz, C. M. A. P., 
Harris, H. M. B., Mattarelli, P., et al. (2020). A tax-
onomic note on the genus Lactobacillus: Descrip-
tion of 23 novel genera, emended description of 
the genus Lactobacillus beijerinck 1901, and union 
of Lactobacillaceae and Leuconostocaceae. Int. J. 
Syst. Evol. Microbiol. 70, 2782–2858. doi: 10.1099/
IJSEM.0.004107/CITE/REFWORKS.


	On the connectivity in the central nervous system and the age-induced changes of its network organization
	Diego Guidolin1,*, Cinzia Tortorella1, Raffaele De Caro1, Luigi F. Agnati2
	Wandering gallbladder wrapping hepatoduodenal ligament and mimicking gastrointestinal stromal tumor at imaging. Case report and literature review
	Silvia Malerba, Giuliana Rachele Puglisi, Piercarmine Panzera, Alessandro Pasculli, Francesco Paolo Prete, Angela Gurrado, Mario Testini*
	Megaureter and hydronephrosis: Consequences of ureteric dysfunction
	Cheryl Melovitz-Vasan1, Amanda McBride1, Susan Huff2, Nagaswami Vasan1,*
	Developmental and surgical anatomy of pathologies of the craniovertebral junction: a much-needed problematization of efficacy and long-term outcomes
	Katarzyna Siwek1, Wiktoria Wieczorek6, Marcelina Łopińska2, Katarzyna Polak-Boroń2, Arthur Saniotis3,4, Francesco M. Galassi3,5,*, Małgorzata Suchanecka1
	Special Issue PhD course in Innovative Technologies in Clinical Medicine & Dentistry (University G. d’Annunzio, Chieti-Pescara)
	Prevalence and localization of Canalis Sinuosus: a mini review
	Francesca Angiolani*, Maurizio Piattelli, Fabiola Rinaldi, Oriana Trubiani, Giuseppe Varvara
	Volumetric evaluation of maxillary sinuses using CBCTS: radiographic study
	Fabiola Rinaldi1,*, Maurizio Piattellli1, Francesca Angiolani1, Sara Bernardi2, Elena Rastelli2, Giuseppe Varvara1
	First year of life: the Golden Age of gut microbiota
	Mariangela Mazzone*, Maria C. Di Marcantonio, Gabriella Mincione, Raffaella Muraro
	A mini-review: valuable allies for human health: probiotic strains of Limosilactobacillus reuteri
	Beatrice Marinacci1,2,*, Benedetta Pellegrini1, Stefan Roos3,4
	A mini-review on different polymerization protocols for resin-based dental composites
	Edoardo Sorrentino1,*, Ylenia Della Rocca1, Guya Diletta Marconi1, Giovanna Iezzi2, Oriana Trubiani1, Camillo D’Arcangelo2, Francesco De Angelis2, Francesca Diomede1
	Role of toll-like receptor signaling pathway in a rat model of spinal cord injury: a transcriptomic analysis
	Simone D’Angiolini1,2,*, Oriana Trubiani1, Emanuela Mazzon2
	Effects of temperature on presepsin assessment in biological fluids
	Valentina Botondi1, Ebe D’Adamo1, Oriana Trubiani2, Diego Gazzolo1
	Antibacterial activity of titanium nitride coating: a mini review
	Stefano Oliva1,*, Oriana Trubiani1, Maurizio Piattelli1, Mario Capogreco2, Giovanna Murmura1
	Modulation of inflammatory pathway in human gingival fibroblasts exposed to resinous materials
	Antonella Mazzone1,*, Ylenia Della Rocca1, Jacopo Pizzicannella2, Francesca Diomede1, Guya Diletta Marconi1, Oriana Trubiani1
	Twin pregnancies and maternal cardiovascular function: literature review and future prospects
	Melissa Foglietta1,*, Francesco D’Antonio2, Sante Donato Pierdomenico1, Elena Bacigalupi3, Jacopo Pizzicannella4
	Reprogramming methods for induced pluripotent stem cells generation
	Ylenia Della Rocca1,*, Antonella Mazzone1, Jacopo Pizzicannella2, Guya Dilletta Marconi1, Oriana Trubiani1, Francesca Diomede1
	Motor behavioural tests for phenotype evaluation of mouse models of ataxia: the case of Marinesco-Sjögren Syndrome
	Anna Giulia Ruggieri, Michele Sallese*
	Artificial intelligence and finite element analysis: applications in implant dentistry
	Francesco Valente1,2,*,A, Luigi Falconio1,2,A, Cristina Falcinelli3, Sandipan Roy4, Oriana Trubiani1,2, Tonino Traini1,2
	STING agonists in cancer immunotherapy: a brief review
	Martina Ceci1,3,*, Marco Trerotola1,2, Manuela Iezzi1,3
	Clinical efficacy of cord blood platelet gel in chronic limb-threatening ischaemia patients: a case series
	Giovanni Mastrangelo1,2,*, Michele Santodirocco3, Luigi Semerano1, Giancarlo Palena1, Vincenzo Sciannelli1, Gabriele Magistro1, Roberto Marinucci1, Pierluigi Di Sebastiano2, Vincenzo Palazzo1 
	Anti-Inflammatory effect of the Saffron Stigma and Saffron Petal Extract on LPS stimulated human Caco-2 cell by transductional signal modulation of FBW7/IKBα
	Federica De Cecco1,2,*, Sara Franceschelli2,3, Valeria Panella2, Maria Maggi4,5, Silvia Bisti6, Lorenza Speranza2,3
	Use of cadaveric stem cells: analysis of literature
	Martina Bonelli1,*, Antonio M. Catena2, Tiziana Pietrangelo3, Marcello Locatelli4, Oriana Trubiani5, Cristian D’Ovidio1
	Ambulatory blood pressure and risk of heart failure: a mini-review 
	Francesca Coccina1,2,*, Rosa Scurti2, Oriana Trubiani1, Sante D. Pierdomenico1
	The implant loading influence on crestal bone remodelling around hybrid titanium implants: a prospective clinical study
	Luigi Falconio1,2,*,A, Francesco Valente1,2,A, Luan Mavriqi3, Oriana Trubiani1,2, Tonino Traini1,2

