
Summary. The maintenance of iron homeostasis is 
essential for proper body function. A growing body of 
evidence suggests that iron imbalance is the common 
denominator in many tissue injuries, including acute, 
chronic, and reperfusion injuries. Ferroptosis, a novel 
form of programmed cell death due to metabolic 
abnormalities, has become increasingly recognized as an 
important process mediating the pathogenesis and 
progression of numerous tissue injuries, including 
cerebral, myocardial, lung, liver, kidney, and intestinal 
injuries. Therefore, a thorough understanding of the 
mechanisms involved in the regulation of ferroptosis 
might contribute to improvements in disease 
management. In this review, we summarize the 
importance of ferroptosis in various tissue injuries, 
discuss the potential targets of ferroptosis in the 
treatment of tissue injuries, and describe the current 
limitations and future directions of these novel treatment 
targets. 
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Introduction 
 
      Ferroptosis is an iron-dependent, non-apoptotic cell 
death process that has gained significant attention since 
2012, particularly regarding its mechanisms (Li and 
Huang, 2022). It involves disruptions in redox 
homeostasis and increased lipid free radicals, linking to 
lipid and iron metabolism as well as oxidative stress. 
Key biomarkers include compromised antioxidant 
defenses like the cystine/glutamate anti-transporter 
(system Xc-), glutathione (GSH), glutathione peroxidase 
4 (GPX4), and ferroptosis suppressor protein 1 (FSP1) 

(Dixon and Olzmann, 2024). The depletion of these 
defenses triggers a Fenton reaction with free iron, 
producing toxic phospholipids that destabilize 
membranes. Lipid peroxidation reduces membrane 
integrity and fluidity, affecting membrane protein 
activities and allowing harmful compounds to infiltrate 
(Qiu et al., 2024). Ultimately, increased reactive oxygen 
species (ROS) and redox imbalance lead to ruptured 
nuclear and plasma membranes, resulting in cell death. 
      The inflammatory surge and alterations in the 
intracellular redox environment associated with 
ferroptosis can result in severe tissue injury. According 
to reports, signals of ferroptosis propagating in a wave-
like manner among cells lead to extensive tissue damage 
(Stockwell, 2022). Research suggests that in the event of 
drug-induced or environmental stress-related tissue 
injuries, such as ischemia-reperfusion (I/R) injuries, cells 
tend to opt for the ferroptosis pathway to die (Fujiki et 
al., 2019). Consequently, the inhibition of ferroptosis 
may represent a potential treatment strategy for the 
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prevention and intervention of tissue injury-related 
diseases. 
      Previous research on ferroptosis has been 
concentrated on oncology, aiming to eradicate tumor 
cells by triggering ferroptosis. However, recent findings 
have revealed that it is prevalent in various cell types 
and organs, including cerebral tissue, myocardium, 
lungs, liver, kidneys, and intestine. Ferroptosis has been 
linked to numerous diseases related to tissue damage, 
particularly ischemic conditions (Pan et al., 2022). This 
article compiles the advancements in understanding the 
connection between ferroptosis and tissue injury. 
 
Ferroptosis in various tissue injuries 
 
Ferroptosis and cerebral injury 
 
      Cerebral hemorrhage, a severe form of stroke, poses 
high risks of mortality and morbidity (Wan et al., 2019). 
Research has highlighted that post-hemorrhage 
secondary injuries primarily arise from inflammation-
driven neurological injury and cell death triggered by 
free radicals, closely linked to ferroptosis (Cao et al., 
2023). Following cerebral hemorrhage, hemoglobin (Hb) 
is released from lysed red blood cells. Microglia 
phagocytose Hb, leading to its metabolism into iron ions, 
and triggering the accumulation of ROS and lipid 
peroxidation. Subsequently, the excess iron ion is 
expelled from microglia, accumulates in neurons via the 
transferrin (Tf)-Tf receptor system, and reacts with 
hydrogen peroxide to generate highly toxic hydroxyl 
radicals (-OH) through the Fenton reaction. These 
radicals damage DNA, proteins, and lipid membranes, 
disrupting cell functionality (Wan et al., 2019). 
Furthermore, following hemorrhage, there is a 
significant increase in extracellular glutamate levels in 
neurons, disruption of the system Xc- glutamate 
transport balance, reduced glutamate uptake, inhibited 
GSH synthesis, and weakened cellular antioxidant 
defenses, leading to the accumulation of lipid ROS and 
triggering ferroptosis (Lu et al., 2022). Bioinformatics 
analyses have also pinpointed potential crucial genes 
implicated in ferroptosis during cerebral hemorrhage 
pathogenesis (Liu et al., 2021). 
      In addition to bleeding, the ischemic state also 
causes serious cerebral injury. Cerebral I/R injury (CIRI) 
represents a sequence of pathophysiological episodes 
occurring when blood flow is reestablished and 
reoxygenated. This not only directly damages cerebral 
tissue but also instigates a chain of pathological 
signaling pathways leading to inflammation and 
escalating cerebral tissue injury. During cerebral 
ischemia, oxygen scarcity in mitochondria restricts the 
oxidative phosphorylation process, severely diminishing 
the energy supply. The structure of the mitochondrial 
inner membrane and cristae becomes disrupted due to 
excessive oxygen radicals and Ca2+ load, leading 
mitochondria to produce substantial ROS and 
accumulate Ca2+. During reperfusion, after the oxygen 

supply is restored, the excess ROS overwhelm the 
cellular antioxidant defense mechanisms, preventing the 
scavenging free radicals and disrupting neuronal 
homeostasis, which leads to inflammatory responses, 
oxidative stress, apoptosis, necrosis, and other 
pathological processes, ultimately leading to cell death 
(She et al., 2023). There is considerable evidence that 
ferroptosis plays an important role in the pathogenesis of 
CIRI (Liu et al., 2022; Xu et al., 2023a). It has been 
shown that ferroptosis occurs mainly in neurons and that 
oxidative stress induces neuronal ferroptosis and 
hyperactivation of glial cells and exacerbates CIRI (Li  
et al., 2023b). The pathogenesis of CIRI leads to an 
increased vulnerability to oxidative stress and ATP 
production, which impedes the maintenance of 
metabolic activity and system Xc- activity. Meanwhile, 
neuronal membranes are rich in polyunsaturated fatty 
acids (PUFAs), which readily lipidate hydroperoxides 
and induce ferroptosis (Conrad and Pratt, 2019). 
      These findings support that, after cerebral 
hemorrhage, blood accumulates and compresses the 
surrounding cerebral tissues, causing tissue injury, 
inflammation, and neuronal death, and the metabolism 
of released Hb forms excessive iron, causing ferroptosis. 
Furthermore, ischemia disrupts the redox balance in 
cerebral tissue, triggering ferroptosis in neuronal cells. 
In turn, oxidative stress, inflammation, and ferroptosis 
aggravate cerebral injury. Thus, the relationship between 
cerebral injury and ferroptosis is mutual influence and 
reinforcement. 
 
Ferroptosis and myocardial injury 
 
      Myocardial infarction results from localized 
myocardial necrosis due to severe and persistent 
ischemia and hypoxia following coronary artery 
occlusion, leading to extensive tissue injury, heart 
failure, and other complications (Wang and Kang, 2021). 
Myocardial injury can lead to the release and 
accumulation of iron in the injured tissue. This 
accumulated iron generates ROS in cardiac tissues, 
triggering pathological events such as ferroptosis and 
inflammation (Sawicki et al., 2023). Depletion of iron 
transporter proteins in mouse cardiomyocytes has been 
reported to increase iron accumulation in the heart, 
resulting in heart failure (Lakhal-Littleton et al., 2015). 
Proteomic analysis of a mouse model of myocardial 
infarction revealed a significant reduction in GPX4 
levels during myocardial infarction. Additionally, it has 
also been shown that the blockage of ferroptosis 
mitigates myocardial injury by reducing ROS production 
(Baba et al., 2018). Increased iron transporters have been 
found to decrease the concentration of unstable iron in 
cells, thus protecting the heart from oxidative stress by 
inhibiting ferroptosis (Nishizawa et al., 2020). 
      Among all types of I/R injury, ferroptosis in 
myocardial I/R injury (MIRI) is the most widely studied. 
With the development of reperfusion injury caused by 
hemodialysis after coronary artery occlusion, 
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cardiomyocytes undergo ferroptosis and release 
inflammatory mediators, exacerbating myocardial injury 
(Tang et al., 2021). Studies show that increased oxidized 
phosphatidylcholine leads to mitochondrial dysfunction, 
disrupts calcium transients, and results in extensive 
cardiomyocyte death via ferroptosis during MIRI 
(Stamenkovic et al., 2021). 
      These findings support that ferroptosis is associated 
with the onset and progression of myocardial injury 
(Guo et al., 2022). Inhibition of ferroptosis provides a 
new strategy for precision treatment of myocardial 
infarction. Since iron transporter proteins affect 
intracellular iron homeostasis, finding ways to increase 
their expression or transport may be a potential 
therapeutic target for diseases associated with cardiac 
ferroptosis. 
 
Ferroptosis and lung injury 
 
      Acute lung injury (ALI) represents a condition 
where alveolar epithelial and capillary endothelial cells 
are subjected to damage due to diverse intrapulmonary 
and extrapulmonary causative elements, thereby 
prompting a spread of interstitial and alveolar edema, 
which subsequently leads to acute hypoxic respiratory 
failure. Numerous contributors, including severe 
pulmonary infection, pulmonary contusion, non-thoracic 
traumatic injury, and severe acute pancreatitis, among 
other direct or indirect factors, can precipitate ALI (Bos 
and Ware, 2022). Currently, there is no specific clinical 
treatment for this disease. During the pathological 
progression of ALI, the discharge of varied ROS 
coupled with free radical production can harm alveolar 
epithelial cells. Iron overload can enhance the 
conversion of hydrogen peroxide into free radicals via 
the Fenton reaction, consequently facilitating the 
progression of ALI (Yin et al., 2021). Ferroptosis has 
been demonstrated to be present in several animal or 
cellular models of ALI. It has been shown that after 
lipopolysaccharide (LPS) intervention in the bronchial 
epithelial cell line BEAS-2B, there is down-regulation of 
ferroptosis-associated protein solute carrier family 7 
member 11 (SLC7A11) and GPX4, whereas the levels of 
malondialdehyde and total iron are significantly 
increased in a dose-dependent manner (Liu et al., 2020). 
Similar conclusions were reached in an ALI model 
established by intratracheal or intravenous injection of 
LPS (Dong et al., 2023). 
      The lung, a highly susceptible organ, is frequently 
impacted by I/R injury. Existing evidence demonstrates 
that inhibiting acyl-CoA synthetase long-chain family 
member 4 (ACSL4), a ferroptosis marker, attenuates 
ferroptosis after pulmonary I/R (Chen et al., 2017; Xu et 
al., 2020a). A recent study demonstrated that suppressing 
ferroptosis can diminish lung I/R injury by activating the 
Nrf2/HO-1 signaling axis (Wang et al., 2022). These 
findings endorse the potential of ferroptosis as a 
therapeutic target for lung injury, thereby asserting the 
therapeutic promise of ferroptosis inhibitors. 

Ferroptosis and liver injury 
 
      Liver iron overload has long been recognized as a 
significant instigator of liver injury across diverse 
diseases. One investigation employed transmission 
electron microscopy to scrutinize mitochondrial 
morphology in hepatocytes and identified the presence 
of ferroptosis within a mouse model of liver injury (Li et 
al., 2020b). Evidence revealed that the activation of the 
Nrf2 signaling pathway fostering autophagy can oppose 
ferroptosis, thereby mitigating liver injury (Liu et al., 
2023). Additionally, bolstering macrophage resistance to 
ferroptosis by inhibiting ferritin autophagy and 
suppressing autophagosome-lysosome fusion can 
alleviate acute liver injury (Li et al., 2023a). 
Furthermore, the suppression of ferroptosis via the 
inhibition of oxidative stress-induced autophagy may 
alleviate liver injury (Huang et al., 2023).  
      Hepatic I/R injury (HIRI), a special liver injury, is 
characterized by a complex cascade of events, including 
mitochondrial de-energization, depletion of adenosine-
2'-triphosphate, alterations in electrolyte homeostasis, 
Kupffer cell activation, changes in oxidative stress, and 
the upregulation of inflammatory cytokine signaling. It 
was discovered that iron overload is concurrent with 
HIRI and produces ROS and lipid peroxides in the body 
(Luo et al., 2021). Initially, ROS is produced in Kupffer 
cells, executing hepatocytes via lipid peroxidation, DNA 
oxidation, and enzymatic denaturation (Papadopoulos et 
al., 2013). Additionally, the subsequent discharge of 
tumor necrosis factor-α (TNF-α) from ROS can intensify 
injury following I/R by stimulating the further release of 
inflammatory cytokines. Notably, ROS can also 
stimulate the NF-κB signaling pathway to promote HIRI 
(Hu et al., 2023). Therefore, it can be inferred that the 
inhibition of ferroptosis may potentially provide a 
therapeutic avenue for the treatment of liver injury. 
 
Ferroptosis and kidney injury 
 
      Acute kidney injury (AKI) is a critical disease with 
high morbidity and mortality rates. Commonly 
recognized pathogenic mechanisms underpinning AKI 
encompass vasoconstriction, oxidative stress, apoptosis, 
and inflammation (Hu et al., 2019). Apart from blood 
purification, few treatments have exhibited substantial 
progress in thwarting AKI. Consequently, an urgent 
requirement persists for novel targets or improved 
regimens to treat AKI. Multiple molecular mechanisms 
have been speculated to incite or exacerbate AKI. ROS 
is considered one of the pivotal mediators. Numerous 
investigations have proposed ferroptosis as a promising 
therapeutic target, notably within diseases governed by 
tubular necrosis (Sanz et al., 2023). Recently, in a study 
utilizing inducible GPX4-deficient mice, massive tubular 
cell death and acute renal failure were observed 
following GPX4 deficiency. However, the survival of 
GPX4-deficient mice was extended by approximately 
35% through the in vivo elimination of lipid peroxides 
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(Friedmann Angeli et al., 2014), further suggesting the 
significant influence of ferroptosis on kidney injury. 
      The pathophysiology of renal I/R injury includes 
inflammation, oxidative stress, lipid peroxidation, 
mitochondrial dysfunction, renin-angiotensin system 
activation, and accumulation of nitrite and nitric oxide 
(Li et al., 2022). Studies have reported that renal I/R 
injury-induced ferroptosis is mediated by augmenter of 
liver regeneration (ALR), which is associated with the 
GPX4 system. Silencing of the ALR gene resulted in 
increased mitochondrial injury, decreased GPX4 activity, 
and promoted ferroptosis (Huang et al., 2022). Another 
study also showed that ferroptosis plays an important 
role in renal I/R injury and can be prevented through the 
inhibition of the inositol-requiring enzyme 1 (IRE1)/c-
Jun NH2-terminal kinase (JNK) pathway (Liang et al., 
2022). Single-cell RNA sequencing showed predominant 
expression of ferroptosis-associated genes in renal 
tubular epithelium post I/R injury. In stark contrast, a 
scarcity of expression was observed for genes related to 
necroptosis and apoptosis (Zhao et al., 2020). Thus, 
ferroptosis introduces a fresh therapeutic perspective for 
kidney injury. Ferroptosis inhibition offers potential 
benefits in preventing or ameliorating renal injury 
triggered by diverse factors. 
 
Ferroptosis and intestinal injury 
 
      Inflammatory bowel disease (IBD) is a non-specific 
and chronic inflammatory disease of the gastrointestinal 
tract of unknown factors, characterized by cytopenia, 
villous atrophy, and inflammation of the intestinal 
mucosa. The aberrant death of small intestinal epithelial 
cells compromises the intestinal barrier and exacerbates 
the inflammatory response. Besides apoptosis, 
necroptotic apoptosis, and pyroptosis, ferroptosis has 
been observed in small intestinal epithelial cells from 
inflamed sites in patients diagnosed with ulcerative 
colitis (Xu et al., 2020b). Crucial events of ferroptosis, 
such as iron accumulation, lipid peroxidation, and GPX4 
inactivation, have been implicated in the pathogenesis of 
IBD (Wang et al., 2020). Small intestinal epithelial cells, 
isolated from ulcerative colitis patients and mice with 
colitis, exhibit an increase in Prostaglandin endo-
peroxide synthase 2 (PTGS2) and a decrease in GPX4, 
which are recognized as biomarkers of ferroptosis. 
Similarly, ferroptosis occurrence in small intestinal 
epithelial cells has been linked to dextran sodium 
sulfate-induced colitis in mice (Zhang et al., 2022).  
      Intestinal I/R injury (IIRI) can be caused by severe 
trauma, extensive burns, severe infections, shock, 
intestinal obstruction, and cardiac surgery. Such an 
injury triggers the destruction of the intestinal mucosal 
barrier, translocation of intestinal bacteria and toxins, 
and subsequent release of numerous cytokines and 
inflammatory mediators into the bloodstream, inducing 
systemic inflammatory response and distant organ injury. 
Ischemia-caused ACSL4 activation has been manifested 
to instigate ferroptosis-mediated tissue damage in 

intestinal I/R (Li et al., 2019). To enhance the clinical 
relevance of the results, transcriptome sequencing from 
patients with IIRI was used for validation. These results 
indicated a strong link between ferroptosis and IIRI (Zhu 
et al., 2022). Taken together, the pathological evidence 
of ferroptosis in small intestinal epithelial cells signifies 
its potential as a therapeutic target for various intestinal 
injuries. 
 
Therapeutic strategies targeting ferroptosis-
mediated tissue injury 
 
      Based on the aforementioned studies, ferroptosis 
plays a vital role in the progression of tissue injury. In 
different organs and tissues, cell death leads to the 
destruction of parenchymal cells, which is a key step in 
the process of tissue injury. Lipid peroxidation, GPX4 
inhibition, and iron accumulation accompanied by 
ferroptosis will destroy cell homeostasis, leading to the 
abnormal accumulation of inflammatory factors in 
tissues and promoting the injury of tissues and organs. 
Inflammation, excessive oxidation, and iron overload 
link ferroptosis with tissue injury, indicating that 
ferroptosis may be one of the important mechanisms 
regulating diseases associated with tissue injury. In 
different tissues and organs, ferroptosis affects tissue 
injury through various mechanisms. It has been reported 
that ferroptosis and its regulatory factors are effective 
strategies for treating various tissue injuries (Table 1). 
 
Targeting iron metabolism 
 
      Iron is crucial for cell survival, participating in vital 
biological functions like electron transfer, cellular 
respiration, DNA synthesis, cell growth, differentiation, 
and gene regulation. The processes of maintaining and 
regulating iron homeostasis are complex. Excess 
accumulation of iron ions increases ROS levels through 
the Fenton reaction, in which Fe2+ and hydrogen 
peroxide form Fe3+ and hydroxyl radicals in a non-
enzymatic process, which affects iron stability and 
promotes iron deposition in vital organs, leading to 
severe organ injury (Djulbegovic and Uversky, 2019). In 
the presence of iron overload, iron chelators have 
demonstrated efficacy in preventing and reversing 
ferroptosis-mediated tissue injuries.  
      Deferoxamine (DFO) attenuates ferroptosis and 
neuroinflammation by reducing iron accumulation as a 
way to reduce cerebral hemorrhage-induced cerebral 
injury (Imai et al., 2021), including edema formation (Jia 
et al., 2023), neuronal death, cerebral atrophy 
(Hatakeyama et al., 2013), and neurological deficit (Li et 
al., 2017). It has been shown that iron chelation therapy 
improves cardiac contractile function, increases cell 
viability, inhibits myocardial remodeling, and reduces 
infarct size after I/R injury (Parra-Flores et al., 2019). In 
a model of LPS-induced ALI, DFO removes excess iron 
from lung tissue to maintain iron homeostasis in cells 
and inhibit ferroptosis (Ritter et al., 2006). Furthermore, 
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hepatic I/R injury was attenuated by DFO (Yamada et 
al., 2020). Deferasirox (DFR) is a newer trivalent 
ferroptosis chelator than DFO, and it significantly 
inhibits intracellular Fe2+ accumulation and cell death 
induced by hemoglobin exposure. It has been 
demonstrated that DFR can inhibit iron-catalyzed 
oxygen radical formation and alleviate acute liver injury 
(Cerna et al., 2011). Additionally, pyridoxal 
isonicotinoyl hydrazide (PIH), a lipophilic iron chelator, 
reduced excess iron-induced cytotoxicity. PIH has a 

preventive effect in a mouse model of cerebral 
hemorrhage (Zhang et al., 2021c). The interaction 
between Tau and iron can inhibit iron overload and 
suppress I/R-related toxicity (Tuo et al., 2017). 
Moreover, quercetin (QCT) specifically interacts with 
the autophagy cargo receptor NCOA4, blocking the 
degradation of the iron storage protein FTH1, thereby 
downregulating intracellular iron levels and ferroptosis, 
and ultimately alleviating dopaminergic neuronal death 
(Lin et al., 2022a). Lastly, histochrome (HC) is a water-
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Table 1. Therapeutic strategies targeting ferroptosis in tissue injury.

Therapeutic Drugs Diseases Key Mechanism References

Deferoxamine (DFO)
Cerebral, Myocardial, Liver, 
and Lung Injury

Inhibit iron overload
Ritter et al., 2006; Hatakeyama et al., 2013; Li et 
al., 2017; Parra-Flores et al., 2019; Yamada et al., 
2020; Imai et al., 2021; Jia et al., 2023

Liproxstatin-1 (Lip-1)
Myocardial, Lung, Liver, 
Kidney, and Intestinal Injury

Reduce lipid peroxidation and  
upregulate the GPX4 expression

Friedmann Angeli et al., 2014; Li et al., 2019; Xu 
et al., 2020a,b; Li et al., 2021; Zhang et al., 2021b

Ferroinhibitor-1 (Fer-1)
Cerebral, Myocardial, Liver, 
Lung, and Kidney Injury

Reduce lipid peroxidation and  
upregulate the GPX4 expression

Xie et al., 2019; Liu et al., 2020; Yamada et al., 
2020; Luo et al., 2022; Xie et al., 2022

Gossypol acetic acid (GAA) Myocardial, Liver Injury
Reduce lipid peroxidation and  
decrease the ACSL4 expression

El-Sharaky et al., 2009; Lin et al., 2021

Rosiglitazone (ROSI) Lung, Intestinal Injury Reduce lipid peroxidation Li et al., 2019; Xu et al., 2020a

Pyridoxal isonicotinoyl 
hydrazide (PIH)

Cerebral Injury Reduce iron accumulation  Zhang et al., 2021c

Tau Cerebral Injury Inhibit iron overload  Tuo et al., 2017

Quercetin (QCT) Cerebral Injury
Downregulate iron levels and  
upregulate FTH1 expression

 Lin et al., 2022a

Selenium Cerebral Injury Upregulate the GPX4 expression  Alim et al., 2019

Bioflavonoids Cerebral Injury
Upregulate the GPX4 expression and 
inhibit the ACSL4 expression.

 Pan et al., 2022

Histochrome (HC) Myocardial Injury Downregulate iron levels  Hwang et al., 2021

Xanthohumol (XN) Myocardial Injury
Inhibit lipid peroxidation and  
upregulate the GPX4 expression

 Lin et al., 2022

Dexmedetomidine (DEX) Myocardial Injury Regulate SLC7A11/GPX4 pathway  Yu et al., 2022

Hydroxy saffron yellow A Myocardial Injury
Regulate HIF-1α/SLC7A11/GPX4 
pathway

 Ge et al., 2023

Ginsenosides Myocardial Injury Regulate miR-144-3p/SLC7A11 pathway  Ye et al., 2023

Ubiquitin-specific protease  
7 (USP7)

Myocardial Injury Upregulate p53/TfR1 pathway  Tang et al., 2021

Deferasirox (DFR) Liver Injury Inhibit iron overload  Cerna et al., 2011

α-tocopherol Liver Injury Reduce lipid peroxidation  Yamada et al., 2020

Irisin Kidney Injury Upregulate the GPX4 expression  Zhang et al., 2021a

Entacapone Kidney Injury Upregulate the SLC7A11 expression  Yang et al., 2022b

Ginsenoside Rg1 Kidney Injury
Regulate FSP1-CoQ10-NAD(P)H 
pathway

 Guo et al., 2024

Andrographolide Kidney Injury Regulate Nrf2/FSP1 pathway  Zhang et al., 2024

Inhibitor of apoptosis-
stimulating protein of p53 
(iASPP)

Lung Injury Regulate Nrf2/HIF-1/TF pathway  Li et al., 2020a

Nobiletin/Signal transducer 
and activators of  
transduction 6 (STAT6)

Lung Injury Regulate p53/SLC7A11 pathway Yang et al., 2022a; Chen et al., 2024



soluble form of echinodermal pigment A with strong 
ferroptosis-chelating and antioxidant properties. Hwang 
et al. recently found that the administration of HC 
inhibited ferroptosis, thereby protecting the myocardium 
(Hwang et al., 2021). 
      These findings underscore the prospective 
advantages of addressing iron homeostasis for 
therapeutic intervention in ferroptosis-associated 
conditions. Iron chelation therapy, aiming to limit free 
iron availability, has shown promise. However, it is not 
without its limitations. For instance, although DFO can 
chelate excess iron, its poor cell membrane permeability 
hinders its effectiveness in accessing intracellular sites 
where iron might promote ferroptosis. Additionally, its 
short half-life makes drug delivery difficult, particularly 
for conditions impacting the neurological system, along 
with the inherent challenges posed by the blood-brain 
barrier (Hamilton et al., 2016; Chen et al., 2020). Hence, 
there is a pressing need for more targeted and effective 
therapeutic agents. 
 
Targeting lipid metabolism 
 
      Lipids are vital components of cell membranes, 
especially in the central nervous system (CNS), which  
is particularly vulnerable to lipid peroxidation 
(Anthonymuthu et al., 2016). This process occurs when 
oxygen or hydrogen peroxide reacts with lipids, leading 
to the formation of free PUFAs, notably arachidonic acid 
(AA) and adrenergic acid (AdA). Enzymes like ACSL4 
and lysophosphatidylcholine acyl-transferase 3 
(LPCAT3) convert these PUFAs into toxic lipid 
peroxides (Gaschler and Stockwell, 2017). These lipid 
peroxides decompose into toxic aldehydes, which impair 
the fluidity and permeability of cell membranes (Geng et 
al., 2021). GPX4 is a GSH-dependent enzyme that 
reduces lipid peroxides, maintaining membrane fluidity 
and protecting cells from lipid ROS. It converts GSH to 
oxidized glutathione (GSSG) and reduces lipid peroxides 
to alcohols, linking it to tissue injury and ferroptosis 
regulation.  
      Alim et al. showed that selenium enhances GPX4 
expression, providing neuroprotection (Alim et al., 
2019). Rehmannioside A, bioflavonoids including 
galangin, carthamin yellow, and kaempferol, have been 
shown to ameliorate I/R-induced neuronal ferroptosis by 
upregulating the GPX4 axis or inhibiting ACSL4 
expression (Pan et al., 2022). Lip-1, a ferroptosis 
inhibitor, reduces ischemic cardiomyocyte death and 
alleviates lung injury by enhancing GPX4 levels and 
reducing ROS (Xu et al., 2020a; Li et al., 2021). It also 
protects against liver and intestinal injuries and prevents 
acute renal failure from kidney I/R injury (Friedmann 
Angeli et al., 2014; Li et al., 2019; Zhang et al., 2021b). 
Studies have shown that Fer-1, another specific 
ferroptosis inhibitor, effectively inhibits lipid 
peroxidation and significantly prevents ferroptosis-
mediated tissue injury (Xie et al., 2019; Liu et al., 2020; 
Yamada et al., 2020; Luo et al., 2022; Xie et al., 2022). 

Additionally, α-tocopherol has been demonstrated to 
alleviate HIRI by inhibiting lipid peroxidation (Yamada 
et al., 2020). Xanthohumol (XN), an isoprenylated 
flavonoid derived from Humulus lupulus, exhibits 
various pharmacological effects, including inhibition of 
lipid peroxidation. Recent evidence suggests that XN 
protects cardiomyocytes from ferroptosis by inhibiting 
lipid peroxidation and ROS production, chelating iron, 
and modulating Nrf2 and GPX4 (Lin et al., 2022b). 
Administration of the ACSL4 inhibitor rosiglitazone 
(ROSI) suppressed ACSL4 expression and reduced lung 
injury (Xu et al., 2020a). Pretreatment with ROSI also 
ameliorated intestinal injury by modulating GPX4 and 
PTGS2 expression (Li et al., 2019). Gossypol acetic acid 
(GAA), a natural compound extracted from cotton seeds, 
has been shown to inhibit oxidation and lipid 
peroxidation in rat liver tissue (El-Sharaky et al., 2009), 
reducing ferroptosis-induced cardiomyocyte death (Lin 
et al., 2021). Irisin treatment has been found to attenuate 
kidney injury in mice by upregulating GPX4 expression 
(Zhang et al., 2021a). 
      The above research shows that lipid metabolism 
plays widespread roles in the pathophysiological 
processes of tissue injury and holds immense research 
potential. Decreased GPX4 activity is often positively 
correlated with oxidative stress and the increase of 
ferroptosis processes in tissue injury. Targeting GPX4 
activity could serve as an important and promising 
therapeutic approach to inhibit ferroptosis. However, the 
lipid mechanisms underlying ferroptosis are complex 
and not fully understood, warranting further research and 
exploration. In addition, the therapeutic effects of some 
plant metabolites are also worth further exploration. 
 
Targeting glutathione metabolism 
 
      GSH plays an important role in cellular redox 
balance. The synthesis of GSH occurs in two steps: the 
first is facilitated by γ-glutamate-cysteine synthase (γ-
GCS), which catalyzes the linkage of glutamate and 
cysteine. The second step consists of the addition of 
glycine by glutathione synthetase (GS) (Averill-Bates, 
2023). System Xc- is a heterodimeric transmembrane 
complex consisting of the light-chain SLC7A11 and the 
heavy-chain solute carrier family 3 member 2 
(SLC3A2). This system exchanges extracellular cystine 
(oxidized cysteine, a precursor for GSH synthesis) for 
intracellular glutamate at a 1:1 ratio (Li et al., 2023c). 
Once inside the cell, cystine is reduced to cysteine by 
GSH or thioredoxin 1, preparing it for the subsequent 
synthesis of GSH through the aforementioned two steps. 
Inhibition of system Xc- affects cystine uptake, thereby 
limiting GSH biosynthesis and ultimately leading to 
GSH depletion.  
      Studies have shown that hydroxy saffron yellow A 
inhibits ferroptosis and attenuates MIRI in mice via 
activation of the HIF1α/SLC7A11/GPX4 signaling 
pathway (Ge et al., 2023). Similarly, ginsenosides reduce 
MIRI-induced ferroptosis through the miR-144-3p/ 
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SLC7A11 pathway (Ye et al., 2023). Dexmedetomidine 
(DEX), a selective α2-adrenergic receptor, alleviates 
myocardial injury by inhibiting ferroptosis through the 
promotion of the SLC7A11/GPX4 axis (Yu et al., 2022). 
Furthermore, recent studies have found that entacapone 
reverses ferroptosis and alleviates AKI by upregulating 
SLC7A11 to enhance antioxidant capacity (Yang et al., 
2022b).  
      As mentioned above, SLC7A11-mediated cystine 
uptake is critical for cells to suppress ferroptosis and to 
maintain redox homeostasis and biomass incorporation. 
Therefore, SLC7A11 has emerged as a promising 
therapeutic target in tissue injury therapy. Moreover, 
ferroptosis inhibitors, targeting other molecules in GSH 
metabolism, remain to be discovered. 
 
Other pathways 
 
      Coenzyme Q10 (CoQ10) and NAD(P)H are crucial 
for reduction reactions and have significant roles in 
ferroptosis. CoQ10, a fat-soluble antioxidant, protects 
proteins, lipids, and DNA from oxidative damage 
(Pallotti et al., 2021). NADPH is an important intra-
cellular reducing agent. Recent studies have found that 
FSP1 utilizes NAD(P)H to regenerate CoQ10 and inhibit 
ferroptosis (Bersuker et al., 2019). It has been shown 
that Ginsenoside Rg1 and Andrographolide attenuated 
sepsis-induced AKI by inhibiting ferroptosis through the 
FSP1 pathway (Guo et al., 2024; Zhang et al., 2024). 

      Furthermore, the protein p53, known for its roles in 
tumor suppression, cell cycle inhibition, senescence, and 
apoptosis, is also implicated in ferroptosis. The 
SLC7A11 gene is a potential target of p53 (Xu et al., 
2023b). Tang et al. proposed that the upregulation of 
ubiquitin-specific protease 7 (USP7) activates the 
p53/TfR1 pathway to promote ferroptosis in a rat model 
of MIRI (Tang et al., 2021). Li et al. found that the 
inhibitor of apoptosis-stimulating protein of p53 (iASPP) 
mediated ferroptosis through the Nrf2/HIF-1/TF 
pathway, exerting a protective effect and reducing lung 
tissue edema, atelectasis, necrosis, and inflammation in 
ALI (Li et al., 2020a). Nobiletin ameliorates heatstroke-
induced ALI by inhibiting ferroptosis through the 
p53/SLC7A11 pathway (Chen et al., 2024). Further-
more, signal transducers and activators of transduction 6 
(STAT6) inhibit ferroptosis and alleviate ALI by 
regulating the p53/SLC7A11 pathway (Yang et al., 
2022a). 
      Together, although preclinical studies have 
established the proof of concept to inhibit ferroptosis in 
tissue injury therapy, there is still a significant need to 
further identify potent and specific inhibitors, study their 
mechanisms of action, test them in rigorous preclinical 
models, and eventually apply them to clinical care. 
 
Conclusions and Prospectives 
 
      Ferroptosis is a novel type of cell death that has 
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Fig. 1. Ferroptosis has been linked to a variety of tissue injuries, including cerebral, myocardial, lung, liver, kidney, and intestinal. Glutathione 
metabolism, lipid metabolism, and iron metabolism are the primary pathways influencing ferroptosis.



received much attention in recent years. In this review, 
we summarized the role of ferroptosis in various tissue 
injuries, including cerebral, myocardial, lung, liver, 
kidney, and intestinal injuries (Fig. 1). Research 
indicates that targeting ferroptosis could be a promising 
therapeutic strategy, with a focus on inhibiting iron 
metabolism and lipid peroxidation. Recent studies have 
shown that ferroptosis modulators can have therapeutic 
effects; however, most studies have been limited to 
cellular and animal models, lacking clinical evidence 
and an incomplete understanding of the specific 
mechanisms involved. Thus, clinical studies are essential 
to translate these findings into therapeutic applications. 
Currently, the use of ferroptosis inhibitors in humans is 
hampered by issues such as toxicity, instability, and short 
half-lives, underscoring the need to develop non-toxic 
and long-acting inhibitors. Additionally, the develop-
ment of assays for the routine clinical diagnosis of 
ferroptosis is important. Identifying biomarkers of 
ferroptosis could assist in the early detection and 
diagnosis of tissue injury diseases.  
      In summary, ferroptosis undoubtedly plays a crucial 
role in the progression of tissue injuries. However, the 
impact of ferroptosis on diseases exacerbated by tissue 
injuries requires further investigation. Comprehensive 
and in-depth research is pivotal to better understanding 
the relationship between ferroptosis-regulating 
molecules and tissue injury, thereby providing a 
theoretical foundation for future treatment. 
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