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Abstract. Inflammatory Bowel Disease (IBD) and other gastrointestinal disorders are now a 

major worldwide health burden. The pathophysiology of these illnesses is significantly 

influenced by disruptions in the gut flora. Beneficial microorganisms known as probiotics have 

the potential to improve health by balancing the microbiota and influencing immune responses. 

This review explores the mechanisms of action of selected probiotic strains, including 

Lactobacillus rhamnosus, Lactobacillus plantarum, and E. coli Nissle 1917. We conducted a 

systematic review of relevant literature to evaluate the safety and efficacy of these probiotics in 

treating gastrointestinal disorders. These strains have demonstrated promising effects in 

regulating inflammation, improving gut barrier function, and modulating immune responses. In 

each individual case, all of the probiotic strains have shown signs of improving the gut 
microbiota as well as inhibiting key inflammatory pathways and reducing inflammation through 

reduction in intensity (L.Rhamnosus), fecal composition (L.Plantarum L-137) as well as IBDQ 

(E.coli Nissle). 

Keywords: IBD, Probiotics, Lactobacillus rhamnosus, Lactobacillus plantarum, E. coli Nissle 

1917. 

1.  Introduction 

The issue of Gastrointestinal Diseases has received considerable critical attention. In 1990, there were 
an estimated 3.32 million cases, which rose to 4.90 million by 2019. Detailed analysis reveals that China 

and the USA lead with 911,405 and 762,890 cases, corresponding to rates of 66.9 and 245.3 cases per 

100,000 individuals, respectively. Despite this increase, further evaluation indicates that age-
standardized prevalence rates, mortality, and Disability-Adjusted Life Years (DALYs) for Inflammatory 

Bowel Disease (IBD) have escalated in 13 out of 21 regions, according to the Global Burden of Disease 

database. Consequently, IBD is poised to become a significant public health challenge due to the 

increasing prevalence, mortality, and DALY figures[1]. Enter Probiotics, live microorganisms, have 
emerged as potential therapeutic agents for various gastrointestinal disorders. The delicate balance of 

the gut microbiota is crucial for optimal digestive health, and disruptions to this ecosystem are 

implicated in conditions like Inflammatory Bowel Disease (IBD). Probiotics have long since been 
utilised and can be found on fermented foods such as cheese or milk. It is not until 1907 that Russian 

Zoologist Élie Metchnikoff discovered the bacteria’s therapeutic effects which are present in a few 

genuses of bacteria.  

Several probiotic genera have demonstrated efficacy in modulating IBD pathogenesis. Lactobacillus 
species, renowned for their lactic acid production, have shown promise in regulating gut microbiota 

composition and regulating inflammation. Additionally, Saccharomyces, particularly Saccharomyces 
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boulardii, has emerged as a therapeutic option due to its anti-inflammatory properties and ability to 

strengthen the intestinal barrier. [2] 

IBD patients develop microbial dysbiosis with a decrease in short chained fatty acids(Il-6,8,10 etc.) 
and an increase in Proteobacteria(Prepares the gut for colonisation). Normally, SCFAs are a group of 

acids which are used to  As a result, the down regulation of Muc2, RELMB proteins and E-cadherin 

lead to a thin mucosal layer as loose cells with openings or gaps present on the epithelial lining. 
Furthermore,  The immune systems’ CD-14(receptors which are found to detect and respond to bacterial 

infections) expressing macrophages is decreased in the area. In addition, dendritic cells present a 

defective form of CX3CR1, leading to macrophages unable to produce IL-10 and restimulate regulatory 

T-cells [3-6,9] impairing Autophagy. This in all creates an imbalance between effector and regulatory 
T-cells in the IBD mucosa, leading to a chain reaction and uncontrolled activation of different T-cells 

lineages that migrate to the inflamed intestine(as shown in figure 1). 

IBD can be caused by many different factors, from the interaction of cytokines or immune factors. 
Previous research has hinted a new cause of environmental factors, habits such as smoking, unhealthy 

diet or alcohol has led to the  increase of omega 6 fatty acids, long chain fatty acids, proteins and 

digestible carbohydrates, leading to an imbalance of the microbiota and promoting inflammation, 
eventually leading to the diagnosis of IBD [7]. According to [8], Irritable Bowel Syndrome (IBS) and 

Inflammatory Bowel Disease (IBD) present comparable symptoms. These symptoms include immune 

activation, heightened intestinal permeability, increased mucosal serotonin levels, changes in enteric 

nerve structure and function, and dysbiosis in the gut microbiota observed in IBS. 

 

Figure 1. Immune response in inflammatory bowel disease (IBD). Bacterial invasion as a result of 

lacking proteins for cell maintenance and regulation of the mucosal layer. 
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This section has reviewed the basic information of some probiotics and some main genuses used for 

the research for treatment of gastrointestinal disorders. The next part will be about it’s mechanism and 

several probiotics used to treat the disease.  

2.  Discovering the Probiotics against IBD 

For this study, 3 genuses of bacteria followed by their species(some may have it’s variant) using the 

relevance of searches we found on ProBioQuest and PubMed. After that, using literature data, we 
compared it’s efficacy and safety. We then will explain our conclusions using any trends or patterns we 

see. 

2.1.  Mechanisms of Action 

After searching for suitable probiotics, we settled on 3 probiotics which may produce the best results. 
The following probiotics are: 1. Lactobacillus Rhamnosus 2.Lactobacillus Plantarum 3.E.coli Nissle 

1917. 1 and 2 belongs to the Lactobacillus genus but under different species(Rhamnosus and Plantarum) 

while 3 is a variation of E.coli genetically modified to treat the human intestinal tract 

2.1.1.  Lactobacillus Rhamosus. Lactobacillus rhamnosus is a specie of bacteria from the Lactobacillus 

genus. When faced with an inflammatory disease, Lactobacillus Rhamnosus has been shown to regulate 

and reduce inflammation in epithelial cells due to it inhibiting the activation of the NF-kB signalling 
pathway (as shown in Figure 2), a pathway used to activate an inflammatory response through the 

degradation of proteins and subunits to access the nucleus and perform gene transcription, influencing 

various cellular functions [10, 11]. Lactobacillus rhamnosus has also been seen regulating key pro-

inflammatory, anti inflammatory and immune regulation cytokines such as TNF-A, IL-6,IL-10 and IL-
1B [12,13] 

 

Figure 2. Mechanism of action for L.Rhamnosus. L.Rhamnosus inhibits the NF-kB pathway as well 

as preventing Dysregulation. 
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2.1.2.  Lactobacillus Plantarum. Lactobacillus plantarum is another specie of bacteria from the 

Lactobacillus family. It is 0.5-0.8 micrometres in diameter and  8 micrometres in length. Similar to 

Lactobacillus rhamosus, Lactobacillus planatrum has been seen to induce an endotoxin tolerance 
phenotype in intestinal cells, leading to the increase in endotoxin resistance as well as a decrease in pro-

inflammatory cytokines [14] due  to the propionic acid production of the species contributing of the 

maintenance of gut homeostasis[15]. It can also increase Il-10 synthesis as well as secretion of t-cells 
from the inflamed areas, this provides ameliorate inappropriate inflammation[16] all the while 

increasing the tight-junction proteins (Zonula occludens-1 and occludin) to strengthen the intestinal 

barrier and closes the gap between the epithelial lining(as shown in Figure 3). 

 

Figure 3. Mechanism of action for L.Plantarum. L.Plantarum inhibits the MAPK, PTEN and increases 

regulation and detection of foreign bacteria 

2.1.3.  E.coli Nissle 1917. E.coli Nissle is a genetically modified strain of p1robiotic bacteria. It is known 
as the serotype O6:K5:H1. E.coli Nissle works by secreting EGF into the surrounding area through the 

Hly-A secretion system. The Hly-A secretion system is a simple system which consists of 3 parts. 

HlyB(Hemolysin B) is a protein used to receive energy for the system because it contains a ATP-binding 

cassette. HlyD, a protein acts as a linker between the inner and outer membranes of Gram-negative 
bacteria, providing a passageway for EGF to be secreted freely into the environments [17,18] ToIC is a 

porin in the outer membrane of Gram negative bacteria. They form channels, in the form of beta barrels, 

to allow the diffusion of ions and molecules in and out of the membrane [19]. This system allows for 
the efficient diffusion of EGF molecules inside the gut. EGF can then stimulate and promote ERK1/2 

and MAPK pathways, pathways which promote cell migration, proliferation and wound healing, 
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ensuring that the damaged areas can repair and regenerate [20]. Moreover, EGF can inhibit NF-kB 

pathways as well as NO2 production through PI3K signalling and prevent further inflammation [21]  

 
Figure 4. Mechanism of action for E.coli Nissle. E.coli Nissle excretes EGF through the Secretion 
System, EGF then inhibits MAPK and NF-kB pathways but increases ERK1/2 to speed up repair of 

epithelial cells 

2.2.  Safety and Efficacy 

Regarding the safety and efficacy of these probiotics, We utilised literature data found from Research 
articles and Original Articles to determine the safety and efficacy of probiotics. The 4 probiotics selected  

are Lactobacillus rhamnosus (L.Rhamnosus), Lactobacillus plantarum L-137, E.coli Nissle (Mutaflor) 

2.2.1.  L.Rhamnosus. In this study conducted by [22], They evaluated the safety and efficacy of 
Lactobacillus rhamnosus against a placebo in infants aged 4-48 months with Atopic Dermatitis. They 

measured the overall efficacy and safety of the drug using mainly the Hanifin and Rajka criteria, 

deciding a score based on the behavioural and symptoms visible on the patient as well as the patient’s 

history of atopy, otherwise known as Score of Atopic Dermatitis(SCORAD) [23]. These patients were 
randomised into a group receiving 1 capsule of placebo(n=32) and another receiving 1 capsule of 

L.Rhamnosus(n=30) per day with a complete follow-up at week 2,4,6. Patients were also categorised 

into an Intent-to-Treat(ITT) as well as a Per-Protocol(PP), patients with a 80% remission rate are 
categorised into this group.  

After 8 weeks, The average change in SCORAD from baseline at week 8 was −21.69 ± 16.56 for the 

L.Rhamnosus group and −12.35 ± 12.82 for the placebo group within the ITT population (p = 0.005, 
Mann-Whitney test). In the PP population, the mean change in SCORAD from baseline was −23.20 ± 
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15.24 for the L.Rhamnosus group and −12.35 ± 12.82 for the placebo group (p = 0.002, Mann-Whitney 

test). 

Table 1. Mean Change of SCORAD in ITT and PP populations tested with L.Rhamnosus and Placebo 

[22]. 

 ITT population PP population 

 LR Placebo LR LR 

Mean±SD -21.69 ± 16.56 −12.35 ± 12.82 -23.20 ± 15.24 -12.69 ± 12.82 

Median −18.19 −10.97 −18.86 −10.97 

Mann-Whitney Value 0.005  0.002  

 

A comparative analysis of mean changes in intensity between the intention-to-treat (ITT) and per-
protocol (PP) groups revealed significant differences. Specifically, scores for the low-dose (LR) group 

were substantially lower than those for the placebo group, indicating a more pronounced reduction in 

intensity among patients receiving the LR treatment. 

2.2.2.  L.Plantarum L-137. In order to test for efficacy of L.Plantarum L-137, A study conducted by [24] 
used heat killed L.Plantarum L-137 ( L-137) to conduct a single arm, non-standardized, open label study 

in healthy participants. In order to conduct this, the patients were split into two groups: long-term and 

high-dose. The scientists then measured the patients’ Anthropometric, hematological, biochemical, and 
urinary measures taken at 3, 6 and 12 months for both groups. A total of 44 patients were selected to 

participate (29 for long-term and 15 for high-dose) and the data collected was compared with a 

baseline(measured with a paired t test).  

2.2.2.1.  Long term efficacy. After 12 months, the only significant measure found was the measurements 

of fecal microbiota; the results are as follows: 

Table 2. L-137 effects on the composition of fecal microbiome [24]. 

Clostridium sub-cluster 

XIVa 

Control Group 3 months 6 months 12 months 

18.50 ± 7.40 16.70 ± 6.90 16.30 ± 5.70 *15.70 ± 5.00 

Phylum Firmicutes 36.20 ± 9.10 33.70 ± 8.40 33.80 ± 10.30 *32.20 ± 8.10 

Phylum Bacteroidetes 43.80 ± 12.60 46.40 ± 15.20 *47.90 ± 15.80 *49.60 ± 15.00 

F/B ratio 0.76 ± 0.29 0.66 ± 0.27 0.71 ± 0.49 *0.60 ± 0.25 

 
Compared to control group, Clostridium sub-cluster XIV levels were significantly lower at 12 

months. Meanwhile, Bacteroides levels rose substantially, leading to a greater Bacteroidetes-to-

Firmicutes ratio. Accordingly, the F-to-B ratio decreased at 12 months compared to control group. 
Notably, the level of short chain fatty acids increased and is significantly more higher compared to 

control group. The results are as follows: 

Table 3. L-137 effects on the consumption on SCFAs [24]. 

 Control Group 3 months 6 months 12 months 

n-Butyric acid 14.20 ± 9.30 12.90 ± 9.30 **19.80 ± 12.30 16.20 ± 13.20 

Iso-Butyric acid 2.03 ± 1.34 1.69 ± 1.06 **2.92 ± 1.65 2.36 ± 1.3 

n-Valeric acid 1.88 ± 1.08 1.54 ± 0.96 **2.92 ± 1.74 2.36 ± 1.35 

Iso-Valeric acid 2.99 ± 2.14 2.37 ± 1.63 *4.20 ± 2.47 3.27 ± 2.24 
 

 
These results show that all four short-chain fatty acids (n-butyric, iso-butyric, n-valeric, and iso-

valeric) showed elevated levels at both 6-month and 12-month compared to control group. This results 

in an improved gut health and gut microbiota possibly due to its stimulatory effect. However, the 
development of such processes was no longer significant  due to the period of time they developed. 
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2.2.3.  E.coli Nissle. To evaluate the effectiveness of E. coli Nissle as an adjunct therapy, a study 

referenced as [25] employed commercial E. coli (Mutaflor) alongside 5-aminosalicylic acid treatment 

in patients with Ulcerative Colitis (UC). Researchers performed a multicenter, double-blind, randomized, 
placebo-controlled trial. They divided 133 patients into two groups, administering EcN and a placebo, 

and assessed outcomes using the Inflammatory Bowel Disease Questionnaire (IBDQ). The average 

scores for each group were calculated. The study reported the primary endpoint of IBD scores and 
secondary endpoint of clinical remission rates. Over the 8-week period, 15 participants withdrew, 

resulting in a final cohort of 118 patients. The findings are summarized as follows: 

2.2.3.1.  Primary Endpoint IBDQ Scores: The primary endpoint of the study, measuring the 

improvement in IBDQ scores among patients with mild-to-moderate ulcerative colitis UC (30 [51.7%] 
vs. 31 [51.7%]; PP, p = 1.0; ITT, p = 0.86), did not reveal a significant difference between the ECN and 

placebo groups. However, both groups exhibited notable improvements in their IBDQ scores compared 

to baseline levels at the 8-week mark. This suggests that factors beyond the direct effects of ECN, such 
as elevated EGF levels in the local environment, may have contributed to the observed improvements. 

When analyzing the magnitude of declines in IBDQ scores, a significantly higher proportion of 

patients in the placebo group experienced substantial reductions (≥16 points) compared to the ECN 
group. This finding may indicate a potential advantage of ECN in mitigating disease progression. 

Table 4. Primary Endpoints (Measuring the IBDQ score of patients) [25]. 

Variable 

Per Protocol Intention to treat 

E.coli Nissle 

(n=58) 

Placebo 

(n=60) 
P value 

E.coli Nissle 

(n=67) 

Placebo 

(n=66) 

P 

value 

Increase 30(51.7) 31(51.7) 1.00 30(44.8) 31(47) 0.86 

Decrease 1 8 0.03 1 8 0.02 

IBDQ Score 

At Study initation 159.7±30.2 158.7±31.2 0.85 159.1±30.7 158.9±30.3 0.93 

At 8 weeks 181.3±29.3 177.7±28.9 0.50    

2.2.3.2.  Secondary Endpoint: Partial Mayo Score A secondary analysis focused on the partial Mayo 

score revealed a significantly higher percentage of patients in the ECN group experiencing substantial 
improvements at the 4-week mark compared to the placebo group (39.7% vs. 21.7%. p=0.04). This 

suggests that ECN may have a more pronounced effect on specific aspects of disease activity, as 

measured by the partial Mayo score. 

3.  Discussion 

Despite there being three probiotics being tested, and many of them showing similarities, each one of 

them can be used for a different purpose or method of consumption. For example, Due to the absence 
of materials, I think L.Rhamnosus would be best used for infants aged 4 months to 3 years. However, 

The treatment of Atopic Dermatitis with L.Rhamnosus remains controversial. There is evidence that 

shows SCORAD decreasing after consuming probiotics.[26,27]. At the same time, there is also evidence 

that shows the increase of SCORAD [28]. Besides this, the data showed a overall decrease in mean 
SCORAD and reached a level of significance lower than 0.005.   

L. plantarum L-137 exhibited beneficial effects without adverse reactions. Over a 12-month period, 

ex vivo proliferation by T-cells indicated a slight drop in terms of rates but remained well above baseline 
levels. Moreover, following the consumption of L-137, researchers observed an increase in Bacteroides 

and a decrease in the Firmicutes phylum. This alteration correlated with a transient increase in short-

chain fatty acids within fecal samples, notably affecting the Firmicutes to Bacteroidetes (F/B) ratio. 
These modifications contributed to alleviating obesity and related metabolic disorders by enhancing 

microbiota equilibrium. This could be due to a significant implication of elevated SCFA levels is their 
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association with metabolic health, which have been linked with reduced inflammation from their 

stimulatory effect[29,30]. Additionally,  produced by intestinal microbes during fermentation are vital 

for regulating various processes. These encompass the maintenance of tissue-specific maintenance, 
gastrointestinal motility, gut barrier strength, management of colitis, and effects on energy and lipid 

metabolism, tumorigenesis, as well as immune responses. 

Finally, I believe that E.coli Nissle will be the best probiotic that yields the best results when added 
as a booster. For example, In the span of 8 weeks, The mean score of the IBDQ showed no variation 

after 8 weeks. However, the percentage of patients with reduced IBDQ scores fell from 1 [1.7%] 

compared to 8 [13.3%]; (analysed from PP, p = 0.03; analysed from ITT, p = 0.02). Furthermore, a 

significantly greater number of patients in the EcN group exhibited clinical improvement at 4 weeks (23 
[39.7%] versus 13 [21.7%], p = 0.04) and achieved endoscopic subsidence at 8 weeks (26 [46.4%] versus 

16 [27.1%], p = 0.03). This could be due to the fact that  

Although the research on these probiotics has yielded positive outcomes, it's challenging to compare 
these studies due to variations in design, goals, and methods. To gain a clearer understanding, future 

studies should follow consistent guidelines and measurements. This will help researchers better assess 

the effectiveness of probiotics in different situations. 
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