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ABSTRACT
Ferroptosis is a distinctive form of iron-dependent necrotic cell death, characterized by excessive 
lipid peroxidation on cellular membranes and compromised cellular antioxidant defenses. Multiple 
metabolic pathways, including iron and lipid metabolism, as well as antioxidant systems, con-
tribute to the execution of ferroptosis. The gut microbiota exerts regulatory effects on ferroptosis 
through its microbial composition, biological functions, and metabolites. Notably, most patho-
genic bacteria tend to promote ferroptosis, thereby inducing or exacerbating diseases, while most 
probiotics have been shown to protect against cell death. Given microbiota colonization in the gut, 
an intimate association is found between intestinal diseases and microbiota. This review consoli-
dates the essential aspects of ferroptotic processes, emphasizing key molecules and delineating 
the intricate interplay between gut microbiota and ferroptosis. Moreover, this review underscores 
the potential utility of gut microbiota modulation in regulating ferroptosis for the treatment of 
intestinal diseases.
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Introduction

Ferroptosis is considered a novel type of inflamma-
tory cell death different from apoptotic, necroptotic, 
pyroptotic, and autophagic forms of cell death, fea-
tured by iron overload and unrestrained lipid perox-
idation accumulation.1,2 Increasing researches 
indicate that ferroptosis plays a vital role in the pro-
gression of nonalcoholic fatty liver disease (NAFLD),3 

inflammatory bowel disease (IBD),4 neurodegenera-
tive disorders,5,6 and various cancers.4,7 Although 
“ferroptosis” was first defined in 2012,8 the fields of 
iron metabolism, reactive oxygen stress (ROS), and 
lipid peroxidation have been explored for a long time, 
even dating back to the earliest research on cystine 
and glutathione (GSH) in the 1950s.1 Ferroptosis 
occurs as a consequence of disorder in diverse meta-
bolic processes and signaling pathways, such as GSH 
synthesis, ROS accumulation, lipid peroxidation, 
cysteine transport,1,9 communication with endoplas-
mic reticulum pressure and autophagy.10,11 Unique 
morphological features of ferroptosis include smaller 
mitochondria, the decrease or vanishment of mito-
chondrial cristae, and an increased density of 

mitochondrial membrane with the rupture of cell 
membrane.12

Intestinal microecology has recently gained wide-
spread attention due to its ability to cause or alle-
viate diseases. Trillions of commensal microor 
ganisms colonize the mammalian intestine and 
interact with the host in physiological processes, 
such as cell proliferation and immune responses, 
and even co-evolve with their hosts over 
millennia.13–15 Besides the well-known pathogenic 
microorganisms that cause various severe infectious 
diseases, such as Shigella species,16 there are numer-
ous symbiotic microbes, such as Lactobacillus and 
Bifidobacterium, that regulate host physiological 
activities including digestion, cognitive develop-
ment, metal element intake, immune homeostasis, 
epithelial barrier function and restrict 
pathogens.13,17–19 “Dysbiosis”, which means altera-
tion in the microbiota composition including 
changes in bacterial abundance, loss of beneficial 
bacteria, and increased pathogen levels, have been 
observed to be associated with multiple diseases, 
especially in intestinal diseases.13,20Furthermore, 
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metabolites derived from gut microbe, encompass-
ing short-chain fatty acids (SCFAs), bile acids (BAs), 
and neurotransmitters, regulate the processes of 
remote organs. These intricate interrelationships 
are commonly referred to as the gut-brain axis, gut- 
kidney axis, gut-liver axis, and gut-skin axis.21,22

The gut microbiota’s ability to regulate ferrop-
tosis has garnered attention. These microbes influ-
enced the level of hepcidin, which was a primary 
regulator of iron homeostasis synthesized by the 
liver.23 Other researches have demonstrated that 
disturbed gut microbiota induced ferroptosis 
within the gastrointestinal tract, whereas the sup-
plementation of probiotics exerted an inhibitory 
effect on ferroptosis by preventing iron overload 
and lipid peroxidation.24,25 The potential therapeu-
tic application of inhibiting ferroptosis appears 
promising for the management of degenerative or 
chronic inflammatory diseases. However, in the 
context of cancer treatment, the induction of fer-
roptosis becomes imperative. Based on recent stu-
dies, most pathogenic bacteria facilitate ferroptosis 
to aggravate cell loss and inflammation, while most 
probiotics alleviate ferroptosis.

This review begins by introducing the critical 
molecules and periods involved in ferroptosis. It 
then focuses on the role of the gut microbiota in 
regulating host ferroptosis and the underlying 
mechanisms. Finally, it discusses how gut micro-
biota influences the progression of intestinal dis-
eases by modulating ferroptosis. The aim is to 
provide alternative strategies that target the gut 
microbiota and ferroptosis for more effective treat-
ment of intestinal diseases in the future.

Iron cycle and metabolism

Iron functions as an important component of hemo-
globin, myoglobin, cytochromes, catalases, peroxi-
dases and metalloenzymes, and participates in 
numerous biochemical processes, including oxygen 
transport, energy production, immune regulation, 
DNA synthesis.26 Deficiency of iron usually causes 
anemia, leading to adverse consequences such as 
a higher risk of maternal and child mortality, 
impaired cognition, reduced physical performance 
and a lower quality of life.27 Therefore, individuals 
with iron-deficiency anemia are advised to take daily 
iron supplements. However, excessive iron creates 

an environment conducive to ferroptosis, resulting 
in damage of DNA, protein, and lipids.27,28

An integrated and precise system, monitoring the 
process of iron uptake, storage, utilization, and release 
orderly, controls the cellular level of free iron strictly. 
Iron in body mainly comes from senescent red blood 
cells recycled by reticuloendothelial macrophages and 
dietary supplement absorbed by enterocytes.29 Iron in 
the diet is primarily present as ferric iron (Fe3+), 
which has limited solubility and bioavailability. To 
increase absorption, duodenal cytochrome 
B (DCYTB), an iron-reducing ferric reductase found 
on the apical membrane of enterocytes, reduces Fe3+ 

to ferrous iron (Fe2+), which is then absorbed via 
divalent metal-ion transporter-1 (DMT1).27,30 

Moreover, a portion of dietary iron is heme iron 
found in meat, which is absorbed through heme 
carrier protein 1 and then degraded to free Fe3+ by 
heme oxygenase (HO) in enterocytes.31 After absorp-
tion by enterocytes, iron is transported to the portal 
blood by the Fe2+ exporter, ferroportin 1 (FPN1), 
working in concert with a multi-copper ferroxidase 
such as ceruloplasmin to oxidize Fe2+ to Fe3+ in the 
plasma membrane.32 In the bloodstream, Fe3+ bound 
by transferrin (Tf) is taken up by hepatocytes, macro-
phages, bone marrow cells and other cells via trans-
ferrin receptor 1 (TfR1) mediated endocytosis.33,34 

Upon entering the cell, Fe3+ is liberated from Tf and 
subsequently reduced to Fe2+ by endosome reduc-
tases, such as six-transmembrane epithelial antigen 
of the prostate. The Fe2+ is then transported out of the 
endosome and into the cytosol via DMT1.30 Cellular 
iron is either directed to mitochondria for the bio-
synthesis of iron-sulfur clusters or stored as ferritin or 
used in the generation of heme in the bone 
marrow.27,30 Moreover, multivesicular bodies and 
exosomes that carry ferritin excrete iron to decrease 
intracellular iron levels; and autophagy-dependent 
degradation of the ferritin also plays a role in main-
taining iron balance in the body.35 (Figure 1).

Key molecules of iron metabolism

The disturbance of iron metabolism is a high- 
risk factor in the early stages of ferroptosis. 
Interfering with key elements of iron metabo-
lism at both the transcriptional and post- 
transcriptional levels will disrupt the homeosta-
sis of iron in body.
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Ferritin
Ferritin binds to approximately 4500 Fe3+ and forms 
a significant iron reservoir, reducing the toxicity of 
iron in the cytoplasm.8,36 Serum ferritin acts as 
a biomarker to reflect the iron level in patients 
clinically, and its expression is also affected by sto-
rage of iron and inflammatory condition.37 The liver 
is an organ responsible for maintaining the balance 
of iron exposure because it not only receives sub-
stances absorbed by the intestine via the hepatic 
portal circulation,38 but also synthesizes a high 
amount of ferritin to store and Tf to transport 
iron.33 Existing researches show that diminishing 
ferritin expression enriches the intracellular labile 
iron pool (LIP), one redox-active component of 
non-transferrin bound iron, and even increased 
iron absorption in enterocyte,39 thus causing 
a toxic high iron status and increased sensitivity to 
ferroptosis.28,40 Moreover, the iron in the LIP 

predominantly binds to GSH, which can easily 
become free.41 Ferritin is regulated by a variety of 
molecules at the transcriptional level, such as tumor 
necrosis factor (TNF), cyclic adenosine monopho-
sphate (cAMP), c-myc as well as at the posttran-
scriptional level, such as nitric oxide, superoxide, 
hydroxyl radicals.40 In addition, ferritinophagy, 
which involves degrading ferritin via autophagy, is 
positively related to ferroptosis, with the evidence 
that the inhibition of autophagy-related genes 
reduces LIP, making cells resistant to ferroptosis.42 

Therefore, ferritin is proposed to be one of the vital 
and indicative molecules in ferroptosis, as it chelates 
excessive free iron and adjusts cellular iron content 
to protect cells from iron toxicity.43

Transferrin (Tf) and transferrin receptor (TfR)
Iron bound to Tf is the most common form in blood 
circulation. Serum Tf exists in several forms, such as 

Figure 1. The iron cycle and metabolism. Iron is obtained from the diet in the form of heme or nonheme iron and is absorbed by 
enterocytes while Fe3+ is reduced to Fe2+ by reductase before being absorbed by the receptor DMT1. Macrophages phagocytose 
senescent blood cells, degrade heme via heme oxygenase and release free iron. The absorbed iron is then either stored in ferritin, used 
for the biosynthesis of iron-sulfur clusters, or exported by ferroportin1 with a multi-copper ferroxidase such as ceruloplasmin, which 
oxidizes Fe2+ to Fe3+ in the plasma membrane. Iron can also be exported with ferritin by multivesicular bodies. Iron in the blood is 
bound to transferrin, forming an iron-transferrin complex. This complex is transported to the liver for storage, to bone marrow cells for 
heme synthesis, and to other tissues for the synthesis of iron-containing enzymes. Cells take up iron through transferrin receptor 
1-mediated endocytosis. Fe3+ is liberated from transferrin and subsequently reduced to Fe2+ by endosomal reductases. Hepcidin, 
secreted by the liver, either inhibits the degradation of ferroportin1 or directly blocks the channel, allowing iron to accumulate within 
the cell. DMT1, divalent metal-ion transporter-1.
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non-iron bound (apo-Tf), monoferric or diferric (Tf 
carrying two Fe3+) forms.34 TfR is a predominant 
transmembrane glycoprotein that mediates cellular 
iron uptake via endocytosis of iron-Tf complex in 
blood circulation and controls cellular iron at an 
appropriate concentration.44 TfR1 is the primary 
receptor responsible for Tf transport in 
vertebrates.45 Additionally, TfR2, a paralog of 
TfR1, is only identified on hepatocytes and erythroid 
precursors as a sensor rather than a transporter of 
iron.46 If the binding capacity of Tf is exceeded or if 
there is a systemic iron overload, iron will bind 
loosely to albumin or low-molecular-weight mole-
cules, which is easy to catalyze Fenton and Haber- 
Weiss reactions to enhance ferroptosis.29

Ferroportin (FPN) and hepcidin
Ferroportin, a multiple transmembrane protein 
found on various cell types, primarily on the baso-
lateral membrane of enterocytes and macrophage, 
functions as a unique exporter for transferring iron 
from cell to internal environment.32 FPN is accom-
panied by oxidation ability of ferroxidases since it 
transforms cellular Fe3+ to Fe2+. Hepcidin is gen-
erated and secreted into the bloodstream by hepa-
tocytes. It binds to FPN on cell surfaces, then 
ubiquitinates, internalizes, and ultimately degrades 
FPN, or directly blocks the channel to allow iron to 
accumulate within the cell.47,48 There is a negative 
feedback response between hepcidin synthesis and 
serum iron concentrations, which helps to prevent 
potential toxic iron accumulation.49 (Figure 1).

Intestinal microorganisms act on ferroptosis

Recent researches have highlighted the association 
between the microbiota and cellular ferroptosis, 
although most studies have been speculative and 
lack direct evidence. Considering the mechanism 
of ferroptosis, which includes iron accumulation, 
ROS production, fatty acid supply and lipid perox-
idation, probiotics may inhibit ferroptosis by che-
lating metal ion, suppressing ROS production or 
accelerating their clearance, and suppressing key 
enzymic reduction function.50 Furthermore, intest-
inal microbiota regulates ferroptosis either through 
direct contact or via metabolites such as BAs, 
SCFAs, and neurotransmitters.51 Nevertheless, it 
is important to note that the accumulation of 

ROS alone does not necessarily lead to ferroptosis, 
as ROS overload is also observed in other cellular 
processes, such as apoptosis. Similarly, lipid perox-
idation can occur independently of iron under 
conditions of high oxygen pressure. Table 1 sum-
marizes the findings of studies that have identified 
specific bacteria or their metabolites and their 
influence on ferroptosis.

Iron accumulation

According to the theory, alterations in iron meta-
bolism resulting in iron level fluctuations could 
potentially influence the occurrence of ferroptosis. 
However, limited literature has indicated the 
impact of the microbiota on ferroptosis via mod-
ulation of iron metabolism, despite numerous 
investigations demonstrating the ability of the 
microbiota to modulate host iron 
homeostasis.60,72 Excess iron, as a redox-active tox-
icant, initiates excessive ROS generation and 
destroys cellular structure though Fenton and 
Haber-Weiss reaction.73 Firstly, the microbiota 
modulates the expression of key molecules 
involved in iron metabolism. Gut microbiota regu-
lated plasma ferritin levels and iron concentration 
in esophageal tissue;52 and their metabolites were 
observed to suppress hypoxia-inducible factor 2α 
(HIF-2α) to modulate intestinal iron absorption 
and increase the ferritin levels.60 Additionally, 
microbial stimulation promoted the expression of 
hepcidin.74

To reduce the toxic effects of excessive free iron, 
reducing the supply of an iron agent seems to be 
a feasible method. However, iron supplementation 
is the common method for treating anemia. Even 
worse, in IBD with anemia, supplementing with 
iron may also lead to exacerbate colon symptoms. 
Fortunately, probiotics offer a solution to this 
problem.75 It has been shown that taking FeSO4 
with probiotics, such as Lactobacillus alimentarius 
NKU556, is not only more effective in improving 
iron deficiency in the body but also results in fewer 
side effects in the intestine.76 Another method is to 
increase the utilization rate of existing iron in the 
intestine and eliminate additional iron supplemen-
tation under physiological conditions, for a large 
portion of iron in the intestine is not utilized.46 

A recent study demonstrated that certain 
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probiotics, such as Bifidobacteria and Lactobacillus, 
promoted iron absorption by forming essential 
amino acids or SCFAs to reduce intestinal pH to 
optimize dietary iron bioavailability without 
imposing additional burdens from iron supple-
ments on the gastrointestinal tract.77

The microbiota in the human gastrointestinal 
tract competes with host for iron utilization for 
their own various physiological activity via expres-
sion of the FeoB protein, siderophores (the metal- 
chelating agents to seize the insoluble ferric iron 
and chelate iron),78 enterobactin, and other related 
proteins.78,79 Some researchers believe that com-
mensal bacteria share iron to host,46 transform 
inorganic iron to organic forms to low toxic of 
free iron,80 and prevent the outgrowth of poten-
tially harmful microbes through competition for 
iron.81 The optimal condition is for both the host 
and commensal bacteria to acquire enough iron for 
their life processes without experiencing iron- 
induced death due to excess iron.

The phagocytosis of senescent red blood cells by 
macrophages and the subsequent liberation of iron 
from heme constitute the primary source of iron in 
the body, alongside dietary intake. Heme oxyge-
nase-1 (HO-1) plays a critical role in regulating 
intracellular iron concentrations and oxidative 
stress by catalyzing heme into Fe2+, carbon mon-
oxide (CO), and biliverdin/bilirubin.82 Notably, 
post-colonization with microbiota induced signifi-
cant expression of HO-1 in wild-type mice but not 
in germ-free controls, highlighting the critical role 
of microbiota in regulating HO-1 expression.83,84 

HO-1 is upregulated in response to oxidative stress 
to protect host cells in general. During infections, 
HO-1 is upregulated to strengthen phagocytosis 
and promote bacterial clearance.84 Probiotics acti-
vate the nuclear factor erythroid 2-related factor 2 
(NRF2)/HO-1 pathway to alleviate diseases: 
L. acidophilus ATCC 4356 for renal ischemia- 
reperfusion injury (IRI);85 Bacillus coagulans 
JA845 for neurodegenerative disorders,86 

Table 1. The compositions or metabolites of microbiota affect ferroptosis.
Microbiota The function to the ferroptosis Ref.

Lipopolysaccharides Activation of ACSL4 by up-regulating special protein 1. 
Regulation of the secretion of serum ferritin. 
Aggravation of lipid metabolic disorders and ferroptosis in hepatocytes.

52,53

Glycochenodeoxycholate Promotion of TFR-ACSL4-mediated ferroptosis 38

Short-chain fatty acid Facilitation of mitochondrial Ca2+ and GPX4-dependent ferroptosis. 
Inhibition of cystine/glutamate transporter system by the upstream molecular RBM3 or FFAR2-AKT-NRF2 
axis and FFAR2-mTORC1 axis and c-Fos.

54–56 

57–59

Reduction of the production of ROS, enhancing oxidative phosphorylation and β-oxidation in physiological 
conditions. Activation of the PGC1α signaling axis to promote mitochondrial biogenesis; Protection of 
mitochondria.

Indigenous bacteria 
(metabolites, reuterin and 1,3, 
diaminopropane)

Suppression of HIF-2α, the master transcription factor of intestinal iron absorption and transportation 
Increase in the iron storage protein ferritin.

60

Capsiate Promotion of Gpx4 expression and restraint of ferroptosis via the overexpression of TRPV1 in intestinal I/R 
injury.

61

Urolithins Increase in mitophagy and mitochondrial function by reducing excessive inflammation. 62

5-HT and 3-HA Elimination of radicals to resist ferroptosis 63

Histamine Histamine deficiency accelerates myocardial ferroptosis by repressing the activation of STAT3, accompanied 
by decreased expression of SLC7A11, a major modulator of ferroptosis.

64

Lactobacillus rhamnosus GG Regulation of lipid metabolism to inhibit ferroptosis 24

Aeromonas hydrophila Increase in the levels of MDA and Fe2+ in brain tissues and decrease in GSH. 65

Pseudomonas aeruginosa Elevation of levels of oxidized AA-phospholipids by expressing pLoxA (its mammalian orthologue is 
ALOX15).

66

Mycobacterium tuberculosis Reduction in levels of GSH and Gpx4, along with increased levels of free iron, mitochondrial superoxide, and 
lipid peroxidation; alleviation of the disease is suppressed by Ferrostatin-1.

67

Porphyromonas gingivalis Increase in ACSL4, Ptgs2, and Ncoa4 expression, while decreasing GPX4 and SLC7A11. 68

Lactiplantibacillus plantarum Transformation of unsaturated fatty acids to resist ferroptosis and their derivatives promote antioxidative 
gene expression.

69

Escherichia coli Increase in intracellular iron levels by inhibiting the expression of Ferroportin-1, followed by the induction 
of the Fenton reaction to release ROS.

70

Edwardsiella piscicida Promotion of iron accumulation, mitochondrial dysfunction, and production of ROS 71

HIF-2α, Hypoxia inducible factor 2α; ACSL4, Acyl-CoA synthetase long-chain family 4; GPX4, glutathione peroxidase 4; RBM3, RNA-binding motif protein 3; 
FFAR2, Free fatty acid receptor 2; NRF2, Nuclear factor erythroid 2-related factor 2; mTORC1, mTORC1, mammalian target of rapamycin complex 1; TRPV1, 
transient receptor potential vanilloid 1; I/R, Ischemia-reperfusion; TFR, transferrin receptor; 5-HT, serotonin; STAT3, Signal Transducer and Activator of 
Transcription 3; SLC7A11, solute carrier family 7 member 11; MDA, Malondialdehyde; GSH, glutathione; AA, arachidonic acid; ALOX15, arachidonate 
15-lipoxygenase; Ptgs2, prostaglandin-endoperoxide synthase 2; Ncoa4, Nuclear Receptor Coactivator 4; RBCs, Red blood cells; ROS, reactive oxygen species.
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Lactobacillus for oxidative stress-related intestinal 
disease87 and nonalcoholic steatohepatitis.88 

Nevertheless, elevated HO-1 during 
Mycobacterium tuberculosis (MTB) infection not 
only enhances iron availability, promoting MTB 
survival, but also raises intracellular iron levels 
and ROS production, subsequently leading to 
lipid peroxidation and ferroptosis.89 (Figure 2).

Oxidative stress

The induction of oxidative stress can be attributed 
to the iron-dependent Fenton reaction, as well as to 
enzymes belonging to the nicotinamide adenine 
dinucleotide phosphate (NADPH) oxidase (NOX) 
family and mitochondria.73 The Fenton reaction 
involves the reaction of Fe2+ and hydrogen perox-
ide (H2O2) to produce Fe3+, OH‐, and the hydroxyl 
radical (OH∙), which is one of the most aggressive 
forms of ROS.90 Subsequently, the Haber-Weiss 
cycle occurs with O2·− reacting with Fe3+ to regen-
erate Fe2+ and OH∙, leading to peroxidation of 

almost all substances, including lipids and proteins, 
ultimately resulting in disrupting cell membranes. 
Interestingly, studies have shown that Escherichia 
coli has developed mechanisms to remove sub-
strates of the Fenton reaction, assimilate Fe2+, and 
decompose H2O2 using enzymes synthesized by the 
bacteria themselves, which may apply to attenuate 
the inflammatory responses.91,92

The role of mitochondria in ferroptosis remains 
a topic of debate, despite evidence that impaired 
mitochondria produce an elevated amount of ROS 
during oxidative phosphorylation.1 Some studies 
have suggested that cells knockout of mitochon-
drial DNA remain susceptible to ferroptosis,93 

while other studies have indicated that mitochon-
dria are crucial for inducing ferroptosis in response 
to erastin or cystine starvation, but without 
a significant role in RSL3-induced ferroptosis.94 

Nevertheless, mitochondrial dysfunction is asso-
ciated with weakened antioxidant systems and an 
increased reliance on glutaminolysis-driven tricar-
boxylic acid (TCA) cycles.95 Recent research has 

Figure 2. Intestinal microbiota affects iron metabolism. Microorganisms utilize various mechanisms to obtain different forms of iron 
(Fe3+, Fe2+, heme iron). Moreover, the microbiota reduces intestinal pH by producing essential amino acids or SCFAs to optimize 
dietary iron bioavailability, regulates the expression of hepcidin, transforms inorganic iron into organic forms to lower the toxicity of 
free iron and modulates the ferritin levels. The microbiota also activates the HO-1/CO pathway or NRF2/HO-1 to strengthen 
phagocytosis and increase macrophage processing of hemoglobin for iron release. SCFAs, Short-chain fatty acids; HO-1, heme 
oxygenase-1; CO, carbon monoxide; NRF2, Nuclear factor erythroid 2-related factor 2.
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shown that probiotics have a protective effect on 
mitochondria.54,96 For instance, butyrate in cell 
lines derived from patients with autism has been 
found to regulate mitochondrial functions, includ-
ing enhancing oxidative phosphorylation and β- 
oxidation under physiological stress or mitochon-
drial dysfunction54 and activating the peroxisome 
proliferator-activated receptor-gamma coactivator- 
1alpha (PGC1α) signaling axis in NSC34-G93A 
cells to regulate mitochondrial biogenesis.55 

However, another study suggested that mitochon-
drial function and glutathione peroxidase 4 
(GPX4)-dependent ferroptosis were boosted 
under the condition of supplementing butyrate.56 

We speculate that the occurrence of this phenom-
enon may be dose-related. Furthermore, another 
metabolite of gut bacteria, urolithins, enhances cel-
lular health by increasing mitophagy and mito-
chondrial function and by reducing excessive 
inflammation.62

NOX, the enzyme related to ROS accumulation, 
deliberately generates superoxide anion to maintain 
homeostasis and fight microorganisms that penetrate 
the mucus layer in the epithelial cells. NOX is impli-
cated in the initial generation of lipid ROS during 
ferroptosis. Inhibition of NOX hindered ferroptosis 
in both human and plant cells.97,98 Two key members 
of the NOX family, NOX1 and dual oxidase 2 
(DUOX2), have been identified as crucial mediators 
that link gut bacteria and the host. NOX1 produces 
superoxide, while DUOX2 generates H2O2.18 The 
evidence shows that NOX modulates the colonic 
microbe in healthy and 1% dextran sulfate sodium 
(DSS)-induced low-grade inflammation mice model 
by producing ROS/RNS.99 Transient enzymatic pro-
duction of ROS by NOX1 and NOX2 within enter-
ocytes occurs in response to specific taxa of intestinal 
bacteria.15 Lactobacillus rhamnosus GG (LGG) has 
been not only been proven to increase NOX1 and 
activate the NRF2 pathway, but also to contribute to 
restoring the intestine microbiota, facilitating epithe-
lial cell proliferation.100 Supplying mice with segmen-
ted filamentous bacteria increases the expression of 
DUOX2 in the intestine, while mucosal dysbiosis 
causes increased expression of DUOX2 independent 
of interleukin (IL)17 or IL22.101 Butyrate has been 
shown to activate P21/NRF2/NF-κB pathway to pre-
vent the accumulation of ROS by inhibiting the 

expression of NOX2 and increasing superoxide dis-
mutases (SOD).102 During the process of acute kidney 
injury, acetate suppressed histone deacetylase activity, 
weakening the NOX2/ROS signaling in T cells.103 It’s 
worth noting that microorganisms have developed 
a battery of enzymes to detoxify of ROS, which 
encode SOD, catalases, thioredoxin and a thior 
edoxin reductase, as well as glutathione system. The 
microbial antioxidant system protects microorgan-
isms from engulfment in phagocytic cells, which is 
highly unfavorable for infection control.78 

Nevertheless, whether the ability of probiotics to 
remove ROS could be used to reduce ferroptosis 
needs further exploration. One study showed that 
Lactobacillus gasseri with inserted manganese SOD 
was more effective in alleviating inflammation com-
pared to Lactobacillus gasseri without SOD in IBD 
mice model.104 (Figure 3).

Fatty acid

Indeed, polyunsaturated fatty acids (PUFAs), particu-
larly long-chain PUFAs containing multiple double 
bonds, such as arachidonic acid (AA), linoleic acid 
(LA) and docosahexaenoic acid (DHA), are more 
susceptible to oxidation than monounsaturated and 
saturated fatty acids. The pentadiene structure of the 
PUFAs is particularly vulnerable to oxidation73 while 
omega-6 PUFAs (n-6 PUFAs), but not n-3 PUFAs 
(considering similar chain length and degree of 
saturation), are more sensitize to oxidative stress. 
Moreover, 7-dehydrocholesterol, which is 
a precursor to cholesterol, exhibits significantly higher 
redox activity compared to cholesterol and AA.105 

The susceptibility of cells to ferroptosis could manip-
ulate the synthesis or degradation process of PUFAs. 
Nevertheless, the relationship between lipid metabo-
lism and ferroptosis is intricate and debatable.106 For 
one thing, ferroptosis-induced lipid ROS increases the 
formation of lipid droplets,3 PUFAs serve as the sub-
strates for lipid peroxidation,107 and excessive synth-
esis of fatty acids in the body or intake from the 
outside promoted ferroptosis. On the other hand, 
fatty acid β-oxidation hinders ferroptosis by reducing 
the abundance of unesterified PUFAs.106 Therefore, 
modifying lipid metabolism, with a particular focus 
on PUFAs, represents a potential strategy for modu-
lating ferroptosis.108,109
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Gut microbiota influences ferroptosis by directly 
or indirectly regulating the absorption, bioavail-
ability, and biotransformation of PUFAs.110 Some 
specific strains of microbiota, such as lactic acid- 
producing bacteria, are known to mitigate the toxi-
city of PUFAs by mediating saturation and produ-
cing PUFAs-derived intermediate metabolites.111 

Lactiplantibacillus plantarum converts LA to con-
jugated LA and oleic acid through multi-enzymatic 
reactions in the host gastrointestinal tract. 
Additionally, the efficient production of intermedi-
ates, 10-Oxo-trans-11-octadecenoic acid, activated 
the NRF2-antioxidant response element (ARE) 
pathway to promote antioxidative gene 
expression.69 SCFAs generated by gut microbes 
influenced the metabolism and absorption of 
omega-3 PUFAs. In turn, in animal, supple 
mentation with omega-3 PUFAs has been found 
to increase the abundance of several SCFA- 

producing bacteria, including Bifidobacterium, 
Roseburia, and Lactobacillus in the mouse intest-
inal tract.112

In the framework of ferroptosis, esterified PUFAs, 
rather than free PUFAs, are mainly affected by lipid 
peroxidation.113 Acyl-CoA synthetase long-chain 
family 4 (ACSL4), plays a crucial role in regulating 
ferroptosis by selectively converting long-chain 
PUFAs into their acyl-CoA esters, resulting in the 
formation of pro-ferroptotic lipid peroxidation 
products.113 ACSL4 catalyzes the activation of lyso-
phosphatidylcholine acyltransferase 3 (LPCAT3), 
which then inserts acyl groups into lysophosphati-
dylethanolamine (LPE) to form PE-PUFAs that are 
directly oxidized by oxygenases.98 Thus, ACSL4 and 
LPCAT3 are essential factors that determine the 
sensitivity to ferroptosis.114 Increasing researches 
suggest that microbiota affects the esterification pro-
cess to influence the ferroptosis. The metabolite 

Figure 3. Intestinal microbiota affects oxidative stress. The induction of oxidative stress can be attributed to the iron-dependent 
Fenton reaction, as well as enzymes belonging to the NOX family and mitochondria. Microbes can remove substrates of the Fenton 
reaction, assimilate Fe2+, and decompose H2O2 using enzymes synthesized by the bacteria themselves. Microbes can also enhance 
mitochondrial functions, including oxidative phosphorylation and β-oxidation, under physiological stress or mitochondrial dysfunc-
tion by activating the PGC1α signaling pathway. Microbes can increase NOX1 levels and activate the NRF2 pathway, while suppressing 
histone deacetylase activity to prevent ROS formation. Additionally, SOD in microbes can reduce ROS levels in the host. The level of 
ROS can also affect the microbes themselves. NOX, nicotinamide adenine dinucleotide phosphate oxidase; H2O2, Hydrogen peroxide; 
PGC1α, peroxisome proliferator-activated receptor-gamma coactivator-1alpha; NRF2, Nuclear factor erythroid 2-related factor 2; ROS, 
reactive oxygen stress; SOD, superoxide dismutases.

8 T. YAO AND L. LI



glycochenodeoxycholate (GCDCA) produced by gut 
microbiota activates TfR-ACSL4-mediated 
ferroptosis38 and increases fecal lipid content while 
decreasing intestinal lipid digestibility.115 Lipopo 
lysaccharides (LPS), a structural component of the 
microbiota, up-regulate the expression of ACSL4 to 
modulate ferroptosis in esophageal tissue by activat-
ing special protein 1 (Sp1).52 Bacteroides negatively 
regulates long-chain-fatty-acid-CoA ligase to regu-
late lipid metabolism and ferroptosis.116(Figure 4).

Lipid peroxidation

The destruction of lipids caused by ROS, known as 
lipid peroxidation, is widely regarded as the primary 
biochemical event that induces ferroptosis and com-
promises the stability of cellular and organelle mem-
branes. Carbon-carbon double bonds, particularly 
those found in PUFAs, are susceptible to oxidation 
by various oxidants from multiple sources (e.g., 
mitochondria electron transport chain, NOXs, 
Fenton reaction).98 However, some reports indicate 
that lipid autoxidation, rather than external oxi-
dants, is the primary driver of ferroptosis, and iron 

promotes lipid autoxidation via the Fenton reaction, 
independence of any enzymatic process.117

Besides excessive production of ROS, disruption 
of antioxidant systems is also a major reason.

① The cyst(e)ine/GSH/GPX4 axis is the most 
well-known antioxidant system, and it has been 
widely recognized as the cornerstone in controlling 
ferroptosis.7,118 GSH catalyzes the reduction of 
lipid peroxidation to reduce oxidative stress and 
preserves the homeostasis of the cellular interior. 
Cystine is the substrate for GSH synthesis, whose 
uptake is controlled by cystine/glutamate transpor-
ter. When solute carrier family 7 member 11 
(SLC7A11), a crucial component of the cystine/ 
glutamate transporter on the cell membrane, is 
suppressed, it leads to the depletion of cystine and 
the buildup of lipid peroxide.119 GPX4, a critical 
regulator and marker of ferroptosis, utilizes GSH to 
convert toxic lipid hydroperoxides of PUFA to 
nontoxic lipid alcohols. Suppressing GPX4 results 
in decreased GSH synthesis and a rise in the 
buildup of lipid peroxidation, ultimately worsening 
ferroptosis.8 In addition, P53 represses SLC7A11, 
thereby inhibiting cystine uptake and rendering 

Figure 4. Fatty acid metabolism and intestinal microbiota. Exogenous PUFAs increase sensitivity to ferroptosis and shape the gut 
microbiota. The gut microbiota influences the balance of PUFAs by regulating lipid synthesis, degradation, and biotransformation. 
Microbiota can influence the expression of ACSL4, disturbing the esterification of PUFAs or facilitating the transformation of saturated 
fatty acids or PUFAs-derived intermediate metabolites, thereby influencing sensitivity to oxidation. PUFAs, Short-chain fatty acids; 
ACSL4, acyl-CoA synthetase long-chain family 4.
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cells more susceptible to ferroptosis.120 A recent 
study demonstrates that capsiate, a metabolite pro-
duced by gut microbiota, activates Transient 
Receptor Potential Cation Channel Subfamily 
V Member 1 (TRPV1) to boost GPX4 expression 
and mitigates ferroptosis induced by intestinal 
IRI.61 Furthermore, research has demonstrated 
that a disruption of the intestinal microbiota 
caused by a high-fat diet leads to excessive activa-
tion of atrial ferroptosis, with a decrease of protein 
GPX4 and an increase of prostaglandin- 
endoperoxide synthase 2 (PTGS2).121 Butyrate 
inhibits the cystine/glutamate transporter system, 
inducing ferroptosis through various upstream 
molecular pathways, including RNA-binding 
motif protein 3 (RBM3), the Free fatty acid recep-
tor 2 (FFAR2)-AKT-NRF2 axis, the FFAR2- 
mammalian target of rapamycin complex 1 
(mTORC1) axis, or c-Fos.56–59 These findings 
demonstrate that butyrate contributes to GPX4- 
dependent ferroptosis. Neurotransmitters such as 
γ-aminobutyric acid (GABA), dopamine (DA), 
norepinephrine (NE), serotonin (5-HT), and hista-
mine, which are produced by microorganisms, 
generally act on the nervous system through the 
gut-brain axis. 5-HT and 3-HA eliminate radicals 
to resist ferroptosis.63 Histamine deficiency dis-
rupts histamine signaling, repressing the activation 
of signal transducer and activator of transcription 3 
(STAT3), accompanied by decreased expression of 
SLC7A11, and accelerates myocardial ferroptosis.64 

However, higher histamine levels related to gut 
microbiota dysbiosis can trigger ferroptosis in 
Perfluorooctanoic acid-induced abnormal embryo-
nic development.122

② The Ferroptosis suppressor protein 1 (FSP1)- 
ubiquinone (CoQ) 10 axis operates in parallel with 
GPX4 to effectively inhibit ferroptosis.123 FSP1, which 
is also referred to as Apoptosis Inducing Factor 
Mitochondria Associated 2 (AIFM2), is capable of 
reducing CoQ to ubiquinol (CoQH2) on the plasma 
membrane and inner mitochondrial membrane, 
respectively. CoQH2 functions as a scavenging anti-
oxidant that deactivates lipid peroxyl radicals, effec-
tively inhibiting ferroptosis.123,124 Moreover, CoQ10 
is the product of the mevalonate pathway and block-
ing this pathway hinders the highly effective synthesis 
of GPX4, making cells more vulnerable to 

ferroptosis.125 Existing evidence suggests that 
Bacillus Calmette-Guérin infection induces ferropto-
sis by decreasing the anti-ferroptosis regulators GPX4 
and FSP1.126 Probiotic Strain L. lactis MG1363- 
pMG36e-GLP-1 exerts neurotrophic effects via acti-
vating the Kelch-like ECH associated protein 1 
(Keap1)/NRF2/GPX4 pathway to down-regulate 
ACSL4 and up-regulate FSP1 to suppress 
ferroptosis.127

③ The GTP cyclohydrolase-1 (GCH1)- 
tetrahydrobiopterin (BH4) axis, which operates in 
parallel with the GPX4 and FSP1 redox systems, 
plays a crucial role in preventing lipid peroxidation 
damage during ferroptosis induction in cancer 
cells. BH4, synthesized by GCH1, acts as a potent 
scavenger of free radicals. It safeguards lipid mem-
branes from autoxidation by preventing reductions 
in the levels of phospholipids containing two poly-
unsaturated fatty acyl tails. Moreover, BH4 works 
in conjunction with vitamin E to enhance this 
protective effect.128,129 The research showed that 
by regulating the endogenous production of 
CoQ10, GCH1 and BH4/BH2 facilitated insensitiv-
ity to ferroptosis.128 Polybacterial infection inhib-
ited the level BH4 in the mesenteric artery and 
colon, worsening atherosclerotic vascular 
disease.130 However, Escherichia coli K1 increased 
GCH1131 or BH4132 expression in human brain 
microvascular endothelial cells and macrophage 
to evade surveillance by the immune system.

④ The thioredoxin system plays a vital role in 
sustaining cellular redox balance and enabling can-
cer cells to escape ferroptosis.133 Comprised of 
NADPH, thioredoxin reductase (TrxR), and thior-
edoxin (Trx), this system compensates for the 
absence of GSH biosynthesis in keratinocytes by 
the collaborative action of the SLC7A11 and the 
thioredoxin system.134 In this process, the transfer 
of electrons from NADPH to oxidized Trx by TrxR 
results in the conversion of oxidized Trx to its 
reduced dithiol form. The reduced Trx then under-
goes an exchange of thiol and disulfide bonds in 
a reversible manner with several downstream pro-
teins, such as antioxidant enzymes and apoptosis- 
regulating proteins.135 Bifidobacterium animalis 
A12 and Lactobacillus salivarius M18–6 activated 
thioredoxin system to alleviate alcohol injury in 
mice.136 Selenium-enriched probiotics increased 
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blood glutathione peroxidase activity and tissue 
TrxR mRNA expression to keep pigs healthy 
under high ambient temperature.137

⑤ It is noteworthy that the susceptibility to 
ferroptosis is influenced by the enrichment of 
inducible nitric oxide synthase (iNOS)/NO• in 
activated M1 macrophages/microglia, but not in 
alternatively activated M2 macrophages/microglia.-
138 iNOS is responsible for producing nitric oxide 
(NO), which can automatically combine with 
superoxide to create peroxynitrite, a powerful trig-
ger of oxidative stress. Despite not categorized as 
a member of the NOX family, iNOS is an impor-
tant RNS-producing enzyme in the intestine.139 

NO• produced by iNOS has the ability to engage 
with lipid intermediates produced by lipoxygenase 
(LOX). This indicates that the iNOS/NO• system 
serves as a robust regulator of ferroptotic death, 
resulting in the development of resistance of M1 
form macrophages and microglia to ferroptosis 
triggers.140

Lipids are oxidized through a direct pathway by 
a specific class of iron-containing enzymes known 
as oxygenases, such as LOX and NADPH- 
cytochrome P450 reductase (POR). This results in 
the initial accumulation of phospholipid 

hydroperoxides (PLOOH) and is believed to be 
involved in iron’s facilitation of the ferroptotic 
process.114,141 POR, in conjunction with NADH- 
cytochrome b5 reductase (CYB5R1), facilitates the 
transfer of electrons from NAD(P)H to oxygen, 
resulting in the generation of H2O2, which reacts 
with iron, leading to the formation of ROS that 
initiate the peroxidation of membrane phospholi-
pids, ultimately causing the disruption of mem-
brane integrity during the ferroptosis 
process.142,143 LOX enzymes, including 6 subtypes 
in humans (i.e., 5-LOX, p12-LOX, and 15-LOX-1), 
oxygenate PUFAs at various carbon positions, gen-
erating lipid products with significant biological 
activity. This contributes to the initiation of the 
ferroptosis signal. The initiation of the ferroptotic 
death signal occurs at the cellular membrane and is 
exacerbated by the lack of GPX4.144 Evidence sug-
gests that diet-related microbial dysbiosis promotes 
5-LOX mediated systemic neuroinflammation;145 

LPS downregulates Lox5 messenger RNA 
expression;146 kombucha, a fermented tea contain-
ing a variety of acetic acid bacteria genera, yeasts, 
and a smaller proportion of lactic acid bacteria is 
against the 15-LOX.147 (Figure 5). Additionally, 
Pseudomonas aeruginosa utilizes its 15-LOX to 

Figure 5. Intestinal microbiota affects lipid peroxidation. Different antioxidant systems are effective in preventing lipid peroxidation, 
including the cysteine/GSH/GPX4 axis, the FSP1-CoQ10 axis, the GCH1-BH4 axis, the thioredoxin system, and the iNOS/NO• system. On 
the other hand, lipid autoxidation and lipoxygenase can pose dangerous risk factors for inducing lipid peroxidation. Gut microbes can 
regulate both the antioxidant systems and lipoxygenase, influencing ferroptosis. GSH, glutathione; GPX4, glutathione peroxidase 4; 
FSP1, ferroptosis suppressor protein 1; CoQ10, Ubiquinone; GCH1, GTP cyclohydrolase-1; BH4, Tetrahydrobiopterin; iNOS, inducible 
nitric oxide synthase.
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trigger ferroptotic death in epithelial cells by oxi-
dizing the host arachidonoyl- 
phosphatidylethanolamine into pro-ferroptotic 15- 
hydroperoxy- arachidonyl-PE (15-HpETE-PE).148 

Based on this evidence, we speculate that the intest-
inal microbiota affects ferroptosis by interfering 
with iron-containing enzymes.

Microbial regulation of ferroptosis in intestinal 
diseases

The intestinal microbiota plays a pivotal role in mon-
itoring the occurrence of ferroptosis in intestinal dis-
eases, more so than in diseases affecting other organs 
since the intestine is the first site of contact with diet-
ary iron and the location where microorganisms 
colonize.73 The excessive oral administration of solu-
ble iron has been associated with adverse alterations in 
gut microbiota in gastrointestinal diseases and an 
increase in the proliferation and attachment of enteric 
pathogens.73,76 A focus on ferroptosis in enterocytes 
or immunocytes and the role of microbiota in this 
process may provide a novel approach to the therapy 
of intestinal diseases. Since different diseases may 
share common pathogenic mechanisms, research on 
intestinal diseases can provide valuable insights for 
treating diseases in other systems. For instance, in 
osteoarthritis, IRI, and ultraviolet B-induced skin 
inflammation, gut microbiota and its metabolite, 
capsiate, have been found to inhibit the expression 
of HIF-1a and metastasis-associated lung adenocarci-
noma transcript 1 (MALAT1), intracellular ROS, and 
reduce ferroptosis.149,150 The AKT/Glycogen synthase 
kinase 3β (GSK3β)/NRF2 pathway or the Adenosine 
5‘-monophosphate (AMP)-activated protein kinase 
(AMPK)/NRF2 pathways were activated to alleviate 
diseases by daidzein liberated by Limosilactobacillus 
vaginalis β-galactosidase in acetaminophen-induced 
hepatotoxicity,151 by sulforaphane in diabetic 
cardiomyopathy,152 and by roxadustat (FG-4592) in 
folic acid-induced kidney injury.153

Colorectal cancer (CRC)

CRC is the third most prevalent malignant cancer 
worldwide, with approximately 1.2 million new 
cases and 600,000 deaths annually.154 For the 
pathogenesis of CRC, besides the alteration in 

genes, dietary habits and gut microbes are critical 
in the pathogenesis. Dysbiosis promotes bacterial 
translocation, generates ROS/RNS, causes DNA 
damage and oxidative stress, activates macro-
phage to release TNF-α, leading to chromosome 
instability and cell transformation, all of which 
result in aberrant proliferation and CRC 
formation.155 For changes that occur before can-
cer, inhibiting ROS using ferroptosis inhibitors 
may be a feasible method. However, once the 
tumor forms or exhibits drug resistance, the 
effective treatment involves activating ferroptosis 
by consuming GSH, stimulating ROS, and 
increasing iron concentration.7,156,157 N-3 
PUFAs increase the sensitivity of CRC cells to 
ferroptosis-mediated cell death and modulate the 
gut microbiome, increasing the presence of 
Lactobacillus and Bifidobacteria. These changes 
have prebiotic effects, reducing inflammation.56 

Consumption of n-3 PUFA and butyrate poten-
tially reduce colon tumor formation by promot-
ing a Gpx4-dependent, lipid oxidation-sensitive 
and mitochondrial dependent cell death pathway 
in the colonic mucosa.56

Ischemia-reperfusion injury (IRI)

Intestinal IRI is a potentially fatal condition caused 
by the abrupt decrease in blood flow to the intes-
tines, followed by reoxygenation after blood supply 
is reinstated. This leads to acute intestinal barrier 
disruption and bacterial translocation.158,159 ROS 
generation, decreased GSH levels and superoxide 
dismutase activity, along with lipid peroxidation 
are observed in intestinal IRI and execution of 
ferroptosis.160,161 The evidence showed that inhibi-
tion of ferroptosis by Liproxstatin-1, Deferoxamine 
or the ACSL4 inhibition ameliorated IRI.158,162 In 
addition, capsiate, derived from the gut microbiota, 
activates TRPV1 to enhance GPX4 expression, 
thereby mitigating the deleterious effects of ferrop-
tosis on intestinal IRI.61

IBD

IBD represents a collection of chronic and recurrent 
inflammatory conditions that affect the gastrointest-
inal tract, including Crohn’s disease (CD) and ulcera-
tive colitis (UC).163 Although the etiology of IBD 
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remains elusive, accumulating evidence indicates 
a pivotal role of the gut microbiota in the pathogenesis 
of intestinal inflammation. Remarkably, the role of 
ferroptosis in the pathogenesis and progression of 
IBD has been reported in both human and murine 
studies.164 Inflamed areas within the colonic mucosa 
are characterized by high levels of H2O2 resulting 
from the immune cell-initiated release of oxygen 
and high concentrations of Fe2+ from degraded 
heme molecules. These conditions create a favorable 
environment for ferroptosis.165 Specifically, inhibitors 
of ferroptosis such as Ferrostatin-1, Liproxstatin-1, 
and Deferoxamine, or inhibiting LOX enzymes, have 
been demonstrated to alleviate the symptoms of colitis 
induced by DSS in mice,156,166 suggesting a potential 
therapeutic strategy for IBD. Microbial disorders, 
which involve the reduction of bacteria producing 
SCFAs, are considered to be related to IBD because 
they increase vulnerability to inflammation in IBD by 
modifying the infiltration of immunocytes.167 

Furthermore, one study showed gut microbiota con-
trolled susceptibility to colitis and ferroptosis early in 
life via microbial-derived ether lipids.168 Probiotics 
maintain gut homeostasis by strengthening the gut 
barrier function, checking the ROS generation, main-
taining the antioxidant level, and modulating the 
immunity.169,170 Escherichia coli was considered as 
an iron scavenger, chelating free iron to inhibit hydro-
xyl radical formation at inflammatory sites in patients 
with UC.165 Furthermore, treatment with OTSSP167, 
a maternal embryonic leucine zipper kinase (MELK)- 
selective inhibitor, was shown to improve gut micro-
bial composition, decrease ferroptosis in intestinal 
epithelial cells, and reduce the infiltration and polar-
ization of macrophages in a model of colitis and 
colitis-associated carci 
nogenesis.4 Modified probiotics have a more potent 
effect in reducing ROS. For example, Escherichia coli 
Nissle 1917, an oral probiotic genetically engineered to 
overexpress catalase and superoxide dismutase, effec-
tively alleviated inflammation, repaired epithelial bar-
riers in the colon, and improved microbial 
communities.171

Other intestinal diseases

In addition to the three diseases mentioned above, 
intestinal damage can also occur due to multiple 
factors related to ferroptosis and gut microbiota. 

Pseudomonas aeruginosa infection in intestines led 
to ferroptosis induced by radiation exposure, 
achieved by suppressing the host’s anti-ferroptotic 
system, and employing bacterial 15-LOX to generate 
15-HpETE-PE.148,172 Intestinal ferroptosis mediated 
by Bacteroidaceae occurred due to benzene expo-
sure, but it was significantly reversed by oral 
probiotics.73 Additionally, a mixture of 
Lactobacillus spp. in murine models effectively 
reduced irinotecan-induced diarrhea by decreasing 
β-glucuronidase expression and ROS levels, while 
protecting the gut epithelium from microbial dys-
biosis and proliferative crypt injury.173

Conclusion

Iron is ubiquitous in our daily lives and has a close 
and intricate association with the physiological 
functions of the host and intestinal microbiota. 
Ferroptosis is considered to be a major contributor 
to tissue damage resulting from cell rupture, which 
in turn triggers necroinflammatory processes.174 

Numerous genes and signaling pathways have 
been shown to be implicated in ferroptosis, consti-
tuting a complex regulatory system such that mod-
ulation of a single gene may not significantly affect 
ferroptotic processes. The effectiveness of ferrop-
tosis inhibitors such as Ferrostatin-1, and inducers 
such as RSL3 has been confirmed in animal models 
of multiple diseases. Furthermore, Chelating drugs 
and their metal complexes are currently widely 
used in clinical practice, primarily for the treatment 
of transfusional iron overload,175,176 and in pilot 
clinical trials for treating amyotrophic lateral 
sclerosis.177 Inhibitors that regulate iron metabo-
lism or function as antioxidants in targeting neu-
rodegeneration have been widely applied in clinical 
trials.178,179 In the future, reagents that target fer-
roptosis show promise for clinical applications in 
treating a wider range of diseases. Former scientific 
inquiries have demonstrated significant alterations 
in the gut microbial community of patients suffer-
ing from diverse medical conditions. The meta-
bolic byproducts produced by the gut microbiota 
modulate various physiological processes, such as 
signaling pathways and immune system responses. 
Additionally, these byproducts exhibit antibiotic 
activity, regulate ferroptosis and shape the colon’s 
environment. Despite the significant impact of gut 
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microbiota on the regulation of various physiolo-
gical processes, there is a paucity of studies inves-
tigating their involvement in ferroptosis. 
Furthermore, the precise microbes and small mole-
cules that modulate ferroptosis and the temporal 
window during which they exert their effects 
remain elusive. Presently, research primarily 
focuses on predicting interactions between repre-
sentative microbial genera and genes associated 
with ferroptosis or conducting correlation analyses 
between them. In other words, the evidence of the 
relationship between microbe and ferroptosis is 
indirect and insufficient. Moreover, the available 
studies rarely explore the mechanisms by which 
bacteria affect ferroptosis. The aforementioned 
hypothesis possesses the potential to elucidate the 
intricate relationship between gut microbiota and 
ferroptosis, thereby hastening pertinent research 
endeavors. In the future, regulating intestinal 
microbiota to promote or reduce ferroptosis may 
become a promising approach for treating corre-
sponding diseases.
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