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A B S T R A C T

Background: Maintaining a well-rounded and healthy diet is essential to promote the well-being
and optimal performance of the body, especially for those suffering from Inflammatory Bowel
Disease (IBD). The objective of this study is to examine whether probiotics and postbiotics can
modulate oxidative stress and inflammation, and to evaluate the properties of these compounds.
Methods: A total of eighty eight strains of Lactobacillus and Bifidobacterium were assessed for their
antioxidant activities. C57BL/6 mice were allocated into four groups: normal diet (ND) + PBS,
ND + DSS, ND + DSS + 10⁹ cfu/ml of probiotics, and ND + DSS + 10⁹ cfu/ml of postbiotics.
Biochemical antioxidant assays, along with colitis indices, were evaluated. The ELISA assay was
conducted to measure oxidant/antioxidant properties and cytokines. Additionally, the genes
enrolled in NF-kB and Nrf2 signaling pathways was analyzed.
Results: In comparison to the groups exposed to DSS alone, mice that received our native agents in
addition to DSS demonstrated an improvement in the negative effects induced by DSS on DAI and
pathological scores, as well as on colon length and body weight. The levels of cytokines and
antioxidant markers have also been normalized following the administration of our native agents,
along with molecular markers. It should also be noted that our native postbiotic was able to
develop more pronounced and significant anti-inflammatory and antioxidant effects in compar-
ison to the probiotic strains.
Conclusion: In this study, our native postbiotic has demonstrated a more pronounced ability to
exhibit antioxidant and anti-inflammatory effects. This finding is particularly important for in-
dividuals with impaired immune function, for whom the use of live bacteria could be risky.
Therefore, the utilization of agents like probiotics and postbiotics, which come with minimal side
effects in compared to chemical drugs, could be essential in managing symptoms in IBD patients.
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1. Background

Maintaining a balanced and nutritious diet with the right proportions of carbohydrates, proteins, fats, and micronutrients (normal
diet) is crucial for ensuring the health and proper bodily function [1]. Maintaining a regular diet is increasingly crucial for patients
experiencing inflammatory conditions, such as Inflammatory Bowel Disease (IBD). IBD is a condition that may result from irregu-
larities in the gut microbiota, the immune system, and the function of the epithelial barrier, all of which can be influenced by dietary
choices [2]. Probiotics are one of the most important choices that could help IBD patients for having healthier diet with beneficial
anti-inflammatory, immunomodulatory, and gut-microbial balancing as complementary therapeutic agents [3,4]. Probiotics are
beneficial bacteria that, as stated by the Food and Agriculture Organization of the United Nations and the World Health Organization
in 2001, can provide health benefits when consumed in appropriate amounts [5]. Nonetheless, the potential risks of probiotic use,
which are live bacteria, poses challenges especially for specific individuals, such as immunocompromised patients [6]. Therefore, the
recent emphasis has transitioned towards the non-living probiotics, specifically the metabolites released by probiotics, known as
postbiotics [7]. Factors such as short chain fatty acids (SCFAs), enzymes, peptides, teichoic acids, peptidoglycan-derived muropep-
tides, endo- and exo-polysaccharides, cell surface proteins, vitamins, plasmalogens, and organic acids fall under the category of
postbiotics, which are capable of providing physiological advantages [8]. Besides the beneficial aforementioned properties of pro-
biotics and postbiotics, another remarkable feature of both these agents is their antioxidant activity [9,10].

Oxidative stress, a condition in the body resulting from an imbalance between oxidants, including reactive oxygen species (ROS)
and antioxidants, is associated with a range of abnormalities such as inflammation and IBD [11]. IBD, as mentioned above, is an
inflammatory condition with multiple causative factors. Prolonged oxidative stress is one of these factors that make a substantial
impact on the worsening of inflammation. The heightened presence of ROS in the intestinal mucosae and reduced effectiveness of
antioxidant mechanisms in individuals with IBD may result in alterations in intestinal permeability, which is itself a key factor in the
escalation of inflammation [12]. Moreover, oxidative stress has the potential to result in the upregulation of genes associated with
inflammation. The Nrf2-ARE transcriptional pathway, which is crucial in regulating genes responsible for detoxification and elimi-
nation of ROS, is interconnected with inflammatory signaling pathways such as NF-kB. The over activation of NF-kB was observed in
Nrf2 knockout mice, resulting in the generation of inflammatory cytokines [13].

IBD presents a range of challenges and limitations for individuals affected by it. Numerous patients experience symptoms such as
diarrhea, fatigue, abdominal discomfort, incontinence, rectal bleeding, as well as psychological issues like anxiety and depression [14].
Conversely, the conventional treatment choices come with a range of complications such as side effects, eventually leading to the
discontinuation of treatment. Hence, the development of new approaches to manage or reduce the symptoms of IBD is essential for
patients [15]. In attention with this point, probiotics and postbiotics could be assumed as beneficial and appropriate choices for
controlling the symptoms of IBD due to having beneficial properties, including antioxidant activities and also having the least side
effects [16]. In this study, our aim was to examine the antioxidant properties of our native agents in DSS-induced mice. Additionally,
we aimed to compare these two agents to determine which one could provide more beneficial properties in mice on a normal diet but
experiencing inflammation.

2. Materials and methods

2.1. Bacterial isolation, postbiotic preparation, and evaluation the antioxidant activity

A total of eighty eight probiotic strains, including Lactobacillus and Bifidobacterium, were extracted from the specimens of healthy
adults and were cultivated under conditions that were previously outlined [17,18]. Six strains, including L. reuteri RP100, L. plantarum
RP42, L. plantarum RP119, L. plantarum RP155, B. bifidum RP1001, and B. longum RP1044 were ultimately chosen based on their high
antioxidant activity through the results of biochemical antioxidant assessments, which included DPPH, ABTS, superoxide anion,
hydroxyl radical, reducing power, and lipid peroxidation inhibition tests (See Supplementary file 1). To prepare the postbiotics, live
cells were cultured at 37 ◦C for 18 h. An equal amount of bacterial suspension (109 CFU/mL) was then added to MRS broth and
anaerobically incubated at 37 ◦C for 96 h. The supernatant was subsequently obtained through centrifugation at 12,000 rpm for 5 min
at 4 ◦C, and filtered through a 0.22 μm filter. The postbiotic cocktail was divided into aliquots and stored at − 80 ◦C until needed.

2.2. Animal experiment

Twenty male wild-type C57BL/6 mice were acquired at 4–6 weeks old from the Pasteur Institute of Iran and placed in three cages
for the acclimation phase. The mice were kept under the same conditions (12 h of light, 22–23 ◦C, and 50 % humidity) with unre-
stricted access to a standard normal diet (ND) and water, both during acclimation and the duration of the study. Daily weight mea-
surements were taken for all the mice. This study followed institutional guidelines for the care and ethical use of laboratory animals,
ensuring that all animal experiments were conducted with measures in place to reduce the mice’s suffering. The study’s protocol was
approved by the Animal Experimentation Committee of the Pasteur Institute of Iran (IR.PII.REC.1400.061).To assess the impact of our
native probiotic and postbiotic, we divided our mice into four different groups. All groups were provided with a normal diet. The initial
group received a daily intake of 200 μL PBS. In the second group, colitis was induced experimentally by administering 200 μL 2 % DSS
orally (Sigma, LOT#BCCD5523). The third group was given a mixture of 200 μl containing 2 % DSS and 109 cfu/ml of our native
probiotic cocktail which includes six strains, including L. reuteri RP100, L. plantarum RP42, L. plantarum RP119, L. plantarum RP155,
B. bifidum RP1001, and B. longum RP1044, while the fourth group received postbiotics derived from mentioned probiotic strains (1 ×
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109 CFU/mL) along with DSS daily via oral gavage The time of the gavage for all four groups was 28 days andall mice in every four
groups received a daily intake of PBS, DSS, our native probiotic strains and our native postbiotic.

2.3. The analysis of disease activity index (DAI) and histopathological score

The colon was cleansed by gently washing it with PBS to remove stool. Subsequently, the colon was sectioned into 2–3 fragments
and preserved at − 80 ◦C for RNA extraction. The mice were observed daily for changes in body weight, presence of diarrhea, rectal
conditions, and stool bleedingDAI scores were determined by considering weight loss, stool consistency, and bleeding, following the
method outlined by Kwon et al. [19].

The histopathological analysis involved examining colon tissues that were fixed in paraformaldehyde, impanted in paraffin, and
sectioned into 4 μm thick slices. The histological score was subsequently determined based on criteria outlined in a previous study
[20].

2.4. Phenotypic assessments for the anti-inflammatory and antioxidant activities of our native probiotic and postbiotic

the amounts of antioxidant enzymes, including malondialdehyde (MDA), glutathione (GSH), catalase (CAT), superoxide dismutase
(SOD), and glutathione peroxidase (GPX), were measured in both serum and sections of the distal intestinal tissue using the methods
outlined by Navand Salamat, Iran. Additionally, the concentrations of pro-inflammatory cytokines (IL-1β and TNF-α) and anti-
inflammatory cytokines (IL-4 and IL-10) in serum were analyzed following the protocols established by Karmania Pars Gene, Iran.

2.5. The molecular evaluation for the anti-inflammatory and antioxidant activities of our native agents

RNA was obtained from the colonic tissue of mice with the RNeasy Mini Kitt from Favorgen Biotech Corp in Taiwan, following the
manufacturer’s protocol. The cDNA synthesis kit from Yekta Tajhiz Azma Co in Iran was used. The quantitative PCR (qPCR) for
evaluationg the transcriptional activity of genes associated with Nrf2 and NF-kB pathways was performed on the ABI Prism 7900HT
instrument with 2x SYBR-Green, specifically the RealQ Plus Master Mix Green from Amplicon A/S in Denmark. Primer sequences are
detailed in Table 1.

2.6. Statistical analysis

The gapdh gene, a housekeeping gene, was used for normalization. The 2− ΔΔCt method was employed to calculate the relative
measurement of specific gene expression. Gene expression changes were analyzed using GraphPad Prism 8.0 (GraphPad Software Inc,

Table 1
The primers used in the current study.

Genes Primer Sequence (5’ > 3′) Product size

Nrf2MF TAGATGACCATGAGTCGCTTGC 153bp
Nrf2MR GCCAAACTTGCTCCATGTCC
Keap1 MF TCGAAGGCATCCACCCTAAG 135bp
Keap1MR CTCGAACCACGCTGTCAATCT
NQO1MF AGGATGGGAGGTACTCGAATC 127bp
NQO1MR TGCTAGAGATGACTCGGAAGG
HO-1MF GGTGATGGCTTCCTTGTACC 155bp
HO-1MR AGTGAGGCCCATACCAGAAG
Trx-1MF CTTTTGCCCGTCTCTCAATCA 181bp
Trx-1MR AGGGTATTTCACACTTAGGTCCT
SOD2MF CAGACCTGCCTTACGACTATGG 113bp
SOD2MR CTCGGTGGCGTTGAGATTGTT
CATMF GGAGGCGGGAACCCAATAG 102bp
CATMR GTGTGCCATCTCGTCAGTGAA
Gpx1MF CCACCGTGTATGCCTTCTCC 105bp
Gpx1MR AGAGAGACGCGACATTCTCAAT
COX-2(PTGS2) MF TGCACTATGGTTACAAAAGCTGG 271bp
COX-2(PTGS2) MR TCAGGAAGCTCCTTATTTCCCTT
NF-kBp65(Rela) MF TGACCCCTGTCCTCTCACATCCG 94bp
NF-kBp65(Rela) MR CAGCTCCCAGAGTTCCGGTT
NF-KBIA(IkBa)MF TGAAGGACGAGGAGTACGAGC 127bp
NF-KBIA(IkBa)MR TGCAGGAACGAGTCTCCGT
Ikka (Chuk)MF GAGAGCGATGGTGCCATGAA 136bp
Ikka (Chuk)MR CCAGAACAGTACTCCATTGCCAGA
Ikkb (IKBKB)MF AAGTACACCGTGACCGTTGAC 91bp
Ikkb (IKBKB)MR GCTGCCAGTTAGGGAGGAA
GAPDHMF TGGCCTTCCGTGTTCCTAC

178bpGAPDHMR GAGTTGCTGTTGAAGTCGCA
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CA, USA). Group comparisons were performed using one-way analysis of variance (ANOVA) with Tukey’s post hoc test, and the
Kruskal-Wallis test was applied for non-normal data. Results are presented as mean ± SD from at least three replicates, with a sig-
nificance level set at 0.05.

3. Results

3.1. The results of the colitis indices comparison in mice fed with ND and administered with our native agents

The results of impacting of our native probiotics and postbiotics on mice with with normal diet and treated with DSS is seen in
Fig. 1. Mice in the control group, which received a normal diet, showed a rise in body weight of approximately 2 g. Conversely, mice
treated with DSS experienced a notable decrease in weight of up to 8 g when contrasted with the control group. Administration of our
native probiotic strains did not produce a notable change in body weight, whereas treatment with our postbiotic led to a substantial a
weight increase of close to 1 g in relation to the probiotic strains utilized in the study (see Fig. 1A). Similar outcomes were observed
concerning DAI (Fig. 1B), colon measurements (Fig. 1C), and pathological evaluation (Fig. 1D and E). Administration of DSS led to a
notable rise in both DAI and pathological assessments, along with a decrease in colon length (p< 0.0001).Our native agents showcased
remarkable anti-inflammatory capabilities. Both interventions led to a substantial drop in DAI and pathological scores, while also
increasing colon length (p < 0.0001). When comparing the effects of our native probiotics and postbiotics, the latter demonstrated
more pronounced impacts on DAI (p < 0.05), pathological assessment (p < 0.001), and colon dimensions (p < 0.01), effectively
aligning the conditions more closely with those of the control group.

3.2. The outcomes of our native agents on phenotypic assessments

The effects of DSS and our native probiotics and postbiotics on the level of antioxidant/oxidant markers is demonstrated in Figs. 2
and 3. The occurrence of inflammation induced by DSS has been associated with a notable reduction in various antioxidant indicators
in serum and gut, such as SOD, CAT, GPX, and GSH (p< 0.0001), along with an elevation in MDA as an oxidative marker (p< 0.0001).
On the contrary, our native agents s enhanced the levels of antioxidant markers (p < 0.0001) while diminishing MDA (p < 0.0001)

Fig. 1. Effects of probiotics and postbiotics mixture on disease severity in DSS-induced colitis mice. A) Body weight changes, B) DAI score, C) Colon
length, D) H&E staining of colon section of mice (a: crypts architecture, b: inflammation, c: muscle thickness, d: goblet cells depletion, and e: crypts
abscesses, The scale bar is 100 pixels. E) histopathological score. Data are presented as the mean ± SD, N = 5 per group. Statistical significance was
determined using the following symbols: π, p < 0.05; π π, p < 0.01; π π π, p < 0.001; π π π π, p < 0.0001 (ND + PBS vs. other groups), λ, p < 0.05; λ λ,
p < 0.01; λ λ λ, p < 0.001; λ λ λ λ, p < 0.0001 (ND + DSS vs. Other groups), θ, p < 0.05; θ θ, p < 0.01; θ θ θ, p < 0.001; θ θ θ θ, p < 0.0001, The
relatedness between ND + DSS + probiotic and ND + DSS + postbiotic groups.
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significantly. Furthermore, our postbiotics exhibited superior and more pronounced antioxidant properties compared to probiotic
strains, thereby creating a situation similar to the control cohorts devoid of inflammation (p < 0.05).

The evaluation of the impacts of our native agents on pro/inflammatory cytokines showed the remarkable anti-inflammatory
properties exhibited by our native probiotics and postbiotics, see Fig. 4. It was noted that exposure to DSS led to a substantial rise

Fig. 2. The levels of SOD, CAT, GSH, GPX (antioxidant enzymes), and MDA oxidant enzyme in serum. Data are presented as the mean ± SD, N = 5
per group. Statistical significance was determined using the following symbols: π, p < 0.05; π π, p < 0.01; π π π, p < 0.001; π π π π, p < 0.0001 (ND +

PBS vs. other groups), λ, p < 0.05; λ λ, p < 0.01; λ λ λ, p < 0.001; λ λ λ λ, p < 0.0001 (ND + DSS vs. Other groups), θ, p < 0.05; θ θ, p < 0.01; θ θ θ, p <
0.001; θ θ θ θ, p < 0.0001, The relatedness between ND + DSS + probiotic and ND + DSS + postbiotic groups.

Fig. 3. The levels of SOD, CAT, GSH, GPX (antioxidant enzymes), and MDA oxidant enzyme in gut. Data are presented as the mean ± SD, N = 5 per
group. Statistical significance was determined using the following symbols: π, p < 0.05; π π, p < 0.01; π π π, p < 0.001; π π π π, p < 0.0001 (ND + PBS
vs. other groups), λ, p < 0.05; λ λ, p < 0.01; λ λ λ, p < 0.001; λ λ λ λ, p < 0.0001 (ND + DSS vs. Other groups), θ, p < 0.05; θ θ, p < 0.01; θ θ θ, p <

0.001; θ θ θ θ, p < 0.0001, The relatedness between ND + DSS + probiotic and ND + DSS + postbiotic groups.
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in the levels of IL-1β and TNF-α (p < 0.0001), accompanied by a notable reduction in the quantities of IL-4 and IL-10 (p < 0.0001).
Conversely, the application of our native probiotic strains and postbiotics showed a significant ability to lower the levels of pro-
inflammatory cytokines (p < 0.0001) while simultaneously enhancing the levels of anti-inflammatory cytokines (p < 0.0001).
Upon conducting a comparative analysis between our native probiotics and postbiotics, once again, it became evident that the latter
showcased superior and more advantageous anti-inflammatory effects. In direct comparison with probiotic strains, our postbiotics
exhibited a greater ability to decrease the levels of IL-1β (p< 0.0001) and TNF-α (p< 0.01), and increase the levels of IL-4 (p< 0.0001)
and IL-10 (p< 0.0001) to such an extent that it could effectively eliminate the inflammatory conditions similar to those observed in the
control group.

3.3. The results of our native probiotics and postbiotics on molecular assay

In order to evaluate the molecular antioxidant and anti-inflammatory impacts of our native probiotics and postbiotics, an analysis
was conducted on the pathways involved, which encompass NF-kB and Nrf2, as illustrated in Figs. 5 and 6. The findings from our
research indicated that apart from the phenotypic tests carried out, The native probiotic strains and postbiotics demonstrated the
ability to invoke antioxidant and anti-inflammatory effects by modulating specific molecular pathways. Following DSS administration,
a decrease in the expression levels of genes related to the Nrf2 pathway was observed (p < 0.0001). However, treatment with our
native probiotic strains and postbiotics led to a significant increase in the expression levels compared to the DSS group (p < 0.0001).
Across all the genes related to Nrf2 that were examined, our native postbiotics demonstrated a greater impact on enhancing the
expression levels compared to our native probiotic strains (p < 0.0001).

In relation to the NF-kB genes, it was observed that the exposure to DSS led to a notable and statistically significant rise in the
expression levels of the genes under study (p < 0.0001). On the other hand, it was found that our native probiotic strains and post-
biotics demonstrated a notable ability to significantly reduce the expression levels of the genes. (p < 0.0001). Furthermore, it was

Fig. 4. The Levels of IL-1β, TNF-α (Inflammatory cytokines) and, IL-4, IL-10 (anti-inflammatory cytokines), in serum. Data are presented as the
mean ± SD, N = 5 per group. Statistical significance was determined using the following symbols: π, p < 0.05; π π, p < 0.01; π π π, p < 0.001; π π π π,
p < 0.0001 (ND + PBS vs. other groups), λ, p < 0.05; λ λ, p < 0.01; λ λ λ, p < 0.001; λ λ λ λ, p < 0.0001 (ND + DSS vs. Other groups), θ, p < 0.05; θ θ,
p < 0.01; θ θ θ, p < 0.001; θ θ θ θ, p < 0.0001, The relatedness between ND + DSS + probiotic and ND + DSS + postbiotic groups.
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noted that the postbiotic intervention yielded a more favorable impact in terms of lowering the gene expression levels in contrast to the
probiotic strains (p < 0.0001) and could succeed in reinstating the gene expression levels to those similar to the group that did not
undergo DSS administration.

Overall, the general trend of our results is shown in Fig. 7. From this figure, it can be seen that our phenotypic assessments,
including the assessment of pro- and anti-inflammatory cytokines and oxidative/antioxidant markers, as well as the molecular
investigation, revealed that both our native probiotic strains and the postbiotics were able to exert anti-inflammatory and antioxidant
effects, and that our native postbiotics in particular behaved like our control group, as the colour tone (Fig. 7A) and also the trend of the
graphs (Fig. 7B) were similar.

4. Discussion

Oxidative stress plays a significant role in the development and progression of Inflammatory Bowel Disease (IBD). Research
findings highlight the significant involvement of oxidative stress in the tissue damage and pathology associated with this inflammatory
condition [21]. One reason why oxidative stress contributes to the development and exacerbation of IBD is due to the excessive
production of ROS overwhelming the antioxidant defenses, thereby disrupting the intestinal homeostasis and impairing the immune
system [22]. On the other hand, it is crucial for patients with IBD to follow a regular diet that is free from nutritional deficiencies and
imbalances, while also steering clear of fats and cholesterol, due to the impact of a high-fat diet on triggering oxidative stress [23–25].
Therefore, the utilization of any agents possessing antioxidant properties may be considered essential for individuals diagnosed with
IBD. Furthermore, the administration of prolonged therapy in this patient population commonly results in adverse reactions; thus, the
utilization of agents with minimal side effects is crucial for enhancing the overall quality of life for those affected by IBD [26]. Among
the agents exhibiting minimal side effects, probiotics and postbiotics, in particular, possess elevated safety profiles, minimal side
effects, and notable antioxidant capabilities [27,28]. The current study purposed to assess the anti-inflammatory and antioxidant
properties of our native probiotics and postbiotics, as well as to compare the effectiveness of these two agents.

Our findings revealed the remarkable anti-inflammatory and antioxidant efficacy of our native probiotics and postbiotics. Based on
our in vivo findings, both our substances were able to mitigate the negative impacts induced by DSS as the inflammatory factor. Upon
comparing probiotics and postbiotics, our results indicated that the postbiotics could regulate the colitis parameters, such as body
weight, DAI, and pathological scores, along with colon length in a manner that yielded outcomes similar to those of the control group

Fig. 5. Relative gene expression [mean fold change] of antioxidants and Nrf2 related pathway genes expression in the different groups of treat-
ments. Data were normalized with gapdh. Data are presented as the mean ± SD, N = 5 per group. Statistical significance was determined using the
following symbols: π, p < 0.05; π π, p < 0.01; π π π, p < 0.001; π π π π, p < 0.0001 (ND + PBS vs. other groups), λ, p < 0.05; λ λ, p < 0.01; λ λ λ, p <

0.001; λ λ λ λ, p < 0.0001 (ND + DSS vs. Other groups), θ, p < 0.05; θ θ, p < 0.01; θ θ θ, p < 0.001; θ θ θ θ, p < 0.0001, The relatedness between ND
+ DSS + probiotic and ND + DSS + postbiotic groups.
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without inflammation. In other words, our postbiotics have nearly achieved complete success in easing gastrointestinal symptoms
triggered by inflammation. The phenotypical assessments used in this study, such as examining antioxidant markers in serum and gut,
as well as cytokines, confirmed the beneficial effects of our native probiotics and postbiotics, with a particular emphasis on the latter.
Similar trends were observed in the regulation of pro- and anti-inflammatory cytokines, highlighting the strong efficacy of our native
substances, particularly our postbiotics in exerting anti-inflammatory effects. In other reports, similar findings were observed. Xu et al.
stated that probiotic consortia and their metabolites could have anti-inflammatory properties by influencing DSS indices such as DAI
and histological scores. According to their results, the probiotic consortia group relieved the shortened colon induced by DSS.
Furthermore, this group exhibited a moderate weight change trend. The probiotic consortia administration notably decreased weight
loss in comparison to the control group. Additionally, the probiotic consortia group showed a notably lower DAI score than the control
group [29]. Based on the research carried out by Abrehame et al., it was found that the cell-free fermentation supernatants of Ligi-
lactobacillus salivarius P1, Lactobacillusgasseri P12, and Limosilactobacillus reuteri G7 had an impact on the growth and proliferation of
intestinal epithelial cells. This resulted in strengthening the intestinal barrier, reducing the DAI, and increasing the length of the colon
[30]. The studies carried out by Dashtbanei et al. validated our findings on the antioxidant marker levels. Their findings revealed that
the use of L. rhamnosus, L. helveticus, and L. casei in combating cadmium-induced oxidative stress resulted in elevated SOD and CAT
levels, while reducing MDA levels [31]. According to Humam et al., it was observed that postbiotics derived from L. plantarum have the
potential to markedly enhance the plasma activity of CAT and GSH, while concurrently reducing the level of MDA in the postbiotic
group when compared to the control group [32].

Our molecular analyses could confirm the outcomes obtained from our phenotypic assays. Both of our native agents were able to
greatly influence the regulation of genes involved in Nrf2 and NF-kB signaling pathways, with a stronger focus on our native post-
biotics, resulting in expression levels similar to those of the control group. These reports are also consistent with the others’. As per the
findings from Chen et al., It was demonstrated that *L. plantarum* Lp2 can reduce LPS-induced liver damage by activating the Nrf2-
HO-1/CYP2E1 pathway and inhibiting the TLR-4/MAPK/NFκB pathway [33]. As per the research conducted by Kim et al., it was found

Fig. 6. Relative gene expression [mean fold change] of NF-kB related pathway genes expression in the different groups of treatments. Data were
normalized with gapdh. Data are presented as the mean ± SD, N = 5 per group. Statistical significance was determined using the following symbols:
π, p < 0.05; π π, p < 0.01; π π π, p < 0.001; π π π π, p < 0.0001 (ND + PBS vs. other groups), λ, p < 0.05; λ λ, p < 0.01; λ λ λ, p < 0.001; λ λ λ λ, p <

0.0001 (ND + DSS vs. Other groups), θ, p < 0.05; θ θ, p < 0.01; θ θ θ, p < 0.001; θ θ θ θ, p < 0.0001, The relatedness between ND + DSS + probiotic
and ND + DSS + postbiotic groups.
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that the products of fermentation by Lactobacillus could effectively display antioxidant and anti-inflammatory properties by influ-
encing the levels of TNF-α and IL-1β, the nuclear translocation of NF-κB (p65) induced by LPS, the production of ROS induced by LPS,
and the expression of nuclear factor erythroid 2–related factor 2 and heme oxygenase 1 [34]. By compiling this data, it is possible to
validate the significance of probiotic utilization and its derivatives in the reduction of inflammation.

5. Conclusion

This research aims to provide a comprehensive analysis of both physical and molecular attributes. The goal is to show that in-
flammatory conditions can occur even with a normal diet and that probiotics and postbiotics can effectively reduce inflammation due
to their inherent antioxidant properties. Within this present study, our native postbiotic has shown the ability to manifest antioxidant
and anti-inflammatory effects in a more pronounced manner. Since, according to various studies, probiotics as live bacteria can cause
sepsis and fungemia in people with weakened immune systems, the administration of probiotics in these patients must be carefully
considered [35,36]. Using postbiotics instead, holds particular significance for individuals facing compromised immune systems,
where the utilization of live bacteria could pose risks. Consequently, the use of agents such as probiotics and postbiotics, which entail
minimal side effects, could prove crucial in managing symptoms among patients afflicted with IBD.
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