ChinaRxiv [$X]

AT translation - View original & related papers at
chinarxiv.org/items/chinaxiv-201711.00538

Research Progress on Lactic Acid Bacteria Alle-
viating Intestinal Oxidative Stress (Postprint)

Authors: Li Wei, Sun Kaiji, Sun Yuli, Ji Yun, Zhou Zhixuan, Dai Zhaolai, Wu
Zhenlong, Wu Guoyao

Date: 2017-10-10T00:00:00+00:00

Abstract

In mammals, increased generation of free radicals or diminished capacity for
their scavenging results in substantial accumulation of free radicals within the
organism. Excessive free radicals inflict damage upon biomacromolecules includ-
ing DNA lipids, and proteins in intestinal tissues, thereby causing oxidative
stress injury to the intestine and impairing nutrient absorption, utilization, and
animal growth and development. Consequently, implementing nutritional regu-
latory strategies to mitigate intestinal damage induced by oxidative stress holds
significant importance for maintaining intestinal and overall animal health. Lac-
tic acid bacteria, as an integral component of the innate immune system, func-
tion to preserve intestinal mucosal barrier integrity and microecological equilib-
rium, enhance systemic immunity, promote animal growth, and sustain intesti-
nal and overall health. This review examines the alleviative effects of lactic acid
bacteria on intestinal oxidative stress and the potential mechanisms underly-
ing their probiotic functions through antioxidant activity, from the perspective
of small intestinal mucosal barrier function, thereby providing a reference for
the comprehensive understanding and scientific application of the antioxidant
effects of lactic acid bacteria.
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Abstract: Excessive accumulation of free radicals in mammals occurs when
their production increases or scavenging capacity decreases. These surplus free
radicals damage biological macromolecules such as DNA, lipids, and proteins in
intestinal tissues, causing intestinal oxidative stress injury that affects nutrient
absorption, utilization, and animal growth. Therefore, nutritional interventions
to reduce intestinal damage from oxidative stress are crucial for maintaining
animal intestinal and overall health. As an essential component of the innate
immune system, lactic acid bacteria (LAB) maintain intestinal mucosal bar-
rier function and microecological balance while enhancing immunity, promot-
ing animal growth, and preserving intestinal and overall health. This review
examines the alleviating effects of LAB on intestinal oxidative stress and the
potential mechanisms underlying their antioxidant functions from the perspec-
tive of intestinal barrier function, providing insights for deeper understanding
and scientific application of LAB antioxidant activity.
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Lactic acid bacteria (LAB) are a group of bacteria that ferment carbohydrates
to produce lactic acid. Widely distributed in the intestines of humans and
animals, as well as in food and the environment, LAB have attracted consider-
able attention due to their unique biological functions. Research demonstrates
that LAB can inhibit the growth and metabolism of pathogenic bacteria in the
gastrointestinal tract, maintain intestinal microecological balance, reduce en-
dotoxin and serum cholesterol levels, improve nutrient digestibility, modulate
immune responses, prevent diarrhea and other intestinal diseases, and mitigate
intestinal oxidative stress damage.

Oxidative stress is a biological process resulting from an imbalance between
oxidation and antioxidant systems, leading to elevated free radical levels that
damage macromolecules such as DNA| lipids, and proteins [1-2]. Free radicals
in organisms include superoxide radical (O, ), hydrogen peroxide (H,0,),
hydroxyl radical (- OH), singlet oxygen (10,), hydroperoxyl radical (HOO -
), alkyl hydroperoxide (ROOH), alkyl peroxyl radical (ROO - ), alkoxyl radical
(RO*), hypochlorite ion (C1O™), ferryl ion (Fe*"O), perferryl ion (Fe5*O), nitric
oxide (NO), and others. Excessive free radicals can induce various intestinal
diseases including enteritis, intestinal motility disorders, and increased mucosal
permeability, thereby affecting growth and development [3-6].

1.1 Factors Inducing Oxidative Stress in the Intestine

As the primary site for nutrient absorption and an important immune and en-
docrine organ, the intestine is highly susceptible to oxidative stress induced by
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environmental changes. Evidence indicates that altered nutrient composition
(such as high-protein diets), antigens, pathogenic bacteria, mycotoxin contami-
nation, and heavy metal pollution can all trigger intestinal oxidative stress. Re-
active oxygen species (ROS) damage depends on both free radical content and
antioxidant capacity. Under normal conditions, the antioxidant system rapidly
scavenges ROS (Figure 1 [Figure 1: see original paper]), maintaining homeosta-
sis without causing oxidative damage. However, when ROS production exceeds
scavenging capacity, the dynamic balance is disrupted, leading to ROS accumu-
lation and intestinal oxidative stress injury. Numerous studies have identified
mitochondrial respiration byproducts, degradation products of macromolecules
like lipids and proteins, metabolites produced during macrophage phagocytosis
of viruses, and the cytochrome P450 system as major sources of ROS in the
intestine [7-9]. These findings demonstrate that multiple factors can induce
intestinal oxidative stress, with these factors varying according to changes in
intestinal contents.

Abbreviations: NADPH (reduced nicotinamide adenine dinucleotide phos-
phate); NADP' (nicotinamide adenine dinucleotide phosphate); Cyt C (cy-
tochrome C); SOD (superoxide dismutase); GSH (glutathione); GSH-T (to-
tal glutathione); GSH-R (R-glutamyl cysteine); GS-SG (oxidized glutathione);
GSNO (S-nitrosoglutathione); HbO, (oxyhemoglobin).

Figure 1 Diagram of partial free radical scavenging pathways in mammalian
cells

1.2.1 Damage to the Intestinal Mucosal Mechanical Barrier

The intestinal mucosa represents the largest interface between the body and
external environment, making it vulnerable to attack by pathogenic microorgan-
isms, pro-inflammatory factors, and antigens. The mechanical barrier prevents
external damage to the small intestine and reduces mucosal permeability to
maintain intestinal health [10-11]. This barrier consists primarily of tight junc-
tion proteins, a monolayer of epithelial cells, and the mucus layer. The small
intestine contains four cell types: absorptive cells, goblet cells, enteroendocrine
cells, and Paneth cells. Absorptive cells comprise 90% of intestinal epithelial
cells and are responsible for nutrient absorption. Goblet cells secrete mucins and
peptides that are crucial for barrier maintenance and repair. Enteroendocrine
cells coordinate nutrient uptake, digestion, and absorption as part of the dif-
fuse neuroendocrine system. Paneth cells produce lysozyme that degrades and
digests intestinal bacteria, endotoxins, and antigens, thereby protecting the in-
testine. Epithelial cell junctions include tight junctions, gap junctions, adherens
junctions, and desmosomes. Tight junctions seal the spaces between adjacent
epithelial cells, preventing luminal substances from entering the internal envi-
ronment via paracellular routes. The mucus layer forms a protective film on the
epithelial surface that lubricates and nourishes intestinal epithelial cells while
blocking direct attack by digestive enzymes, bacteria, and endotoxins. Carrasco
[12] demonstrated that decreased tight junction proteins increase intestinal bar-
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rier permeability. Davies [13] detected ROS in duodenal ulcer patients. Shaikh
et al. [14] found that free radical scavengers promote intestinal wound healing.
Barbadoro et al. [15] reported increased ROS during human small intestinal
mucosal damage and inflammation, suggesting oxidative stress involvement in
intestinal injury and inflammatory responses. Yu [16] observed that oxidants
damage intestinal barrier function and affect absorption. These studies indicate
that excessive ROS disrupts tight junction protein expression and intestinal
barrier function, potentially impairing absorption and overall metabolism.

1.2.2 Damage to the Intestinal Immune Barrier

The intestinal immune system prevents invasion by pathogenic microorganisms
and maintains epithelial immune function. During oxidative stress, free radicals
participate in immune responses and cause intestinal damage. Lamina propria
lymphocytes are the primary site for immune response and effector functions,
promoting secretory immunoglobulin A (S-IgA) production to exert immune
functions [17]. Li et al. [18] found that S-IgA reduces intestinal inflammation and
inhibits interferon-y production to maintain barrier function. Other studies have
shown that intestinal oxidative stress decreases IgA, IgG, and IgM levels, reduces
T cell numbers, and causes abnormal cellular immunity [17]. Thus, excessive
ROS promotes intestinal inflammation and damages the immune barrier.

1.2.3 Damage to the Intestinal Biological Barrier

The intestine harbors 10'3-10'* commensal microorganisms that secrete bacte-
rial toxins and promote intestinal motility, forming a complex ecosystem. Under
normal conditions, the intestinal microecological balance is maintained as benefi-
cial bacteria such as LAB and bifidobacteria adhere to epithelial cells, inhibiting
pathogen colonization and invasion. Elevated ROS disrupts this balance, allow-
ing pathogens like Escherichia coli, Streptococcus faecalis, Staphylococcus, and
Pseudomonas aeruginosa to enter the internal environment through intercellular
spaces, triggering inflammatory responses. Inflammatory factors then activate
macrophages to produce ROS during phagocytosis, which inhibits LAB coloniza-
tion and function, further exacerbating biological barrier damage [18]. Hayashi
et al. [19] found that 5-fluorouracil disrupts intestinal flora, alters permeabil-
ity, and damages barrier function. These findings suggest that ROS affects not
only microbial adhesion to epithelial cells but also nutrient metabolism between
microbes and the host, ultimately damaging the biological barrier.

2.1 Effects on Intestinal Mucosal Barrier Function

Lactobacillus promotes intestinal health by regulating microbial balance. Un-
der normal conditions, LAB and other flora maintain a stable intestinal microe-
cosystem through mutual restriction and dependence. During oxidative stress,
this homeostasis is disrupted, leading to pathogen overgrowth, increased perme-
ability, and impaired nutrient absorption. Yoda et al. [20] reported that LAB
inhibits pathogenic damage to intestinal epithelial cells and improves volatile
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fatty acid profiles. Wang [21] found that LAB reduces oxidative damage in
human colon epithelial HT29 cells. Smits et al. [22] demonstrated that LAB
inhibits apoptosis induced by 4-nitroquinoline-1-oxide. Nuobariene et al. [23]
showed that LAB promotes intestinal motility and maintains barrier function.
These findings indicate that LAB possesses antimicrobial activity, can inhibit
ROS damage to epithelial cells, suppress apoptosis, and maintain mucosal bar-
rier function.

2.2 Effects on Intestinal Immune Function

Intestinal flora influences the development of a more stable mucosal immune sys-
tem. Studies show that germ-free animals have fewer lymphocytes and underde-
veloped lymphoid tissues, indicating that intestinal flora promotes immune sys-
tem development and maturation. Lactobacillus can induce anti-inflammatory
factors in epithelial cells, reducing inflammation and protecting the intestine
from damage. Xu et al. [24] demonstrated in newborn piglets that LAB increases
T cell numbers and enhances mucosal immunity. Chen et al. [25] reported that
LAB promotes mucus secretion by goblet cells, maintains tight junction pro-
tein structure and function, and inhibits pathogenic damage to epithelial cells.
Therefore, intestinal LAB plays a crucial role in host immune system develop-
ment by stimulating both specific and non-specific immune responses for disease
resistance, though the underlying mechanisms require further investigation.

2.3 Effects on Intestinal Flora

Beneficial and pathogenic bacteria in the animal intestine interact to main-
tain internal stability. When beneficial bacteria predominate, animal health is
promoted; conversely, disease susceptibility increases. As one of the most ex-
tensively studied probiotics, Lactobacillus produces short-chain fatty acids that
lower intestinal pH and inhibit pathogen growth. Additionally, LAB metabolites
can kill or inhibit various Gram-positive bacteria, promote nutrient absorption,
and exert antioxidant effects. As a dominant flora in the animal digestive tract,
LAB prevents pathogen invasion and reduces production of fecal odor com-
pounds such as 3-methylindole (skatole), indole, ammonia, and cresol, thereby
reducing environmental pollution [3]. The protective effects of LAB are closely
related to their colonization and adhesion to epithelial cells [26]. Chen et al. [27]
found that Lactobacillus salivarius effectively reduces Salmonella colonization
in chicken intestines, decreasing intestinal damage. Xiao et al. [28] reported
that Lactobacillus acidophilus DHA adheres to porcine ileal, colonic, and ce-
cal epithelial cells with higher adhesion rates than Lactobacillus bulgaricus and
Streptococcus thermophilus. Bao et al. [29] showed that Lactobacillus plantarum
inhibits Helicobacter pylori adhesion to Caco-2 cells, preventing oxidative stress
injury. Wang et al. [30] found that Lactobacillus bulgaricus significantly inhibits
pathogenic E. coli adhesion to chicken embryo intestinal epithelial cells. These
findings demonstrate that LAB plays a vital role in improving gastrointestinal
function and maintaining microbial balance. Although numerous studies high-
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light the importance of inhibiting pathogen colonization for intestinal health,
the molecular mechanisms underlying LAB-mediated inhibition require further
investigation.

3.1 Reactive Oxygen and Free Radical Scavenging Systems

Reactive oxygen and free radical scavenging systems prevent or eliminate cel-
lular damage. Murtaza et al. [31] showed that LAB-fermented soy milk effec-
tively scavenges free radicals. Xin et al. [32] demonstrated that LAB reduces
non-alcoholic fatty liver disease in obese mice by attenuating inflammation and
mitochondrial injury. Hu et al. [33] found that LAB scavenges oxidative effects
of divalent metal ions. Chen et al. [34] isolated two LAB strains from fermented
foods and confirmed their antioxidant activity, showing that LAB enhances free
radical scavenging capacity and prevents oxidative damage. These studies indi-
cate that intestinal LAB participates in the host antioxidant system to scavenge
ROS and reduce oxidative injury.

3.2 Redox Regulation Systems

The redox regulation system in LAB comprises three components: the thiore-
doxin system, NADH oxidase/NADH peroxidase system, and glutathione re-
duction system. In the intestine, LAB are partially lysed, releasing intracellular
contents. Most LAB contain superoxide dismutase (SOD) and glutathione per-
oxidase (GSH-Px) that exert antioxidant effects when released. Ebel et al. [35]
studied Lactobacillus fermentum ME-3 isolated from healthy infants and found
it contains reduced glutathione and manganese-SOD (Mn-SOD) that eliminate
hydroxyl radicals, demonstrating its effectiveness as a cellular antioxidant. Itoh
et al. [36] showed that Lactococcus lactis possesses SOD activity that reduces
oxygen radical-induced cellular damage. Liu et al. [2] demonstrated that bifi-
dobacteria scavenge free radicals by increasing SOD activity and reduced glu-
tathione content while blocking the conversion of ROS to hydroxyl radicals.
These reports indicate that active substances produced during normal LAB
metabolism synergistically prevent ROS-induced cellular damage, with mutual
protective effects among system components. Deficiency in any member can
cause irreversible cellular damage and disease.

3.3 Oxidative Damage Repair Systems

Oxidative damage repair systems directly or indirectly repair damaged cellular
components, primarily by regulating expression of repair-related proteins at the
DNA level. Guo et al. [37] suggested that intermediate or final metabolites of
probiotics may possess antioxidant activity, representing one potential mech-
anism. Fu [38] showed that dietary LAB supplementation reduces oxidative
stress-induced DNA damage, potentially preventing cancer. Zhang [39] demon-
strated that LAB handles oxygen radicals using high manganese concentrations
and SOD. Tian [40] found that LAB reduces toxicity of oxygen radicals and

chinarxiv.org/items/chinaxiv-201711.00538 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.00538

ChinaRxiv [$X]

H,0, through reduced glutathione. These findings confirm that LAB possess
strong antioxidant capacity, though this varies among strains.

Normal intestinal function depends on the integrity of the mechanical, immune,
and biological barriers. Oxidative stress damages barrier function, reduces
immune capacity, and disrupts the dynamic balance between probiotics and
pathogens, leading to intestinal dysfunction and secondary injury. Numerous
studies confirm that LAB exhibit various antioxidant activities and modulate
specific and non-specific immune responses. These effects are associated with
LAB’ s influence on intestinal flora structure, epithelial permeability, and tight
junctions, thereby maintaining intestinal health and normal immune function.
Recent advances in metabolomics, genomics, and proteomics provide new in-
sights and research tools for exploring the absorption and antioxidant mecha-
nisms of LLAB-derived antioxidant substances in vivo.
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