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Abstract: Sepsis is a common critical illness characterized by high mortality rates and a significant disease burden. In the context of
sepsis-induced organ dysfunction, the lungs are among the initial organs affected, which may progress to acute lung injury (ALI) and
acute respiratory distress syndrome (ARDS). Recent studies have highlighted the crucial roles of mitophagy and ferroptosis in the
development and progression of sepsis-induced ALI/ARDS. Identifying key convergence points in these processes may provide
valuable insights for the treatment of this condition. In recent years, certain herbs and their bioactive compounds have demonstrated
unique benefits in managing sepsis-induced ALI/ARDS by modulating mitophagy or ferroptosis. This review summary the mechan-
isms of mitophagy and ferroptosis, explores their interactions, and emphasizes their regulatory roles in the progression of sepsis-
induced ALI/ARDS. Additionally, it offers a novel perspective on treatment strategies by summarizing various herbs and their
bioactive compounds relevant to this condition.
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Sepsis is defined as a life-threatening organ dysfunction syndrome caused by a dysregulated immune response to
infection (sepsis 3.0)." The Health Institute of Metrology and Evaluation conducted an epidemiological study on the
global burden of sepsis, reporting 48.9 million new cases and 1.1 million sepsis-related deaths worldwide in 2017,
accounting for 19.7% (18.2%-21.4%) of global deaths.” Despite significant progress in recent years in anti-infective
therapy, fluid resuscitation, and organ support technologies, the incidence of sepsis continues to rise, posing a serious
threat to human health and placing a heavy burden on the global healthcare system. In sepsis-induced organ dysfunction,
the lungs are among the first organs affected, characterized by the disruption of endothelial barrier integrity and injury to
alveolar epithelium, eventually leading to acute lung injury (ALI) or acute respiratory distress syndrome (ARDS).** ALI
and ARDS represent different stages in the progression of the same disease, with ALI indicating the early stage. Without
timely and effective treatment, ALI can progress to ARDS, characterized by acute hypoxemia, bilateral pulmonary
infiltrates, and potentially fatal outcomes.” Therefore, it is essential to actively investigate the pathogenesis and potential
therapeutic targets for sepsis-induced ALI/ARDS.

Cell death serves as a crucial response mechanism for the body to adapt to external environmental stress and internal
abnormalities, playing a pivotal role in the processes of growth, development, and the maintenance of tissue homeostasis.
Cell death can be categorized into various forms, including programmed cell death (such as apoptosis) and non-
programmed cell death (such as necrosis).® In recent years, the discovery of new forms of cell death, such as ferroptosis,
cuproptosis, mitophagy, immunogenic cell death and disulfidptosis, has further expanded our understanding of the
complexity of cell death mechanisms.” Mitophagy is a crucial form of selective autophagy vital for maintaining cellular
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and mitochondrial homeostasis.® Mitochondria, often referred to as the power sources of the cell, regulate numerous
processes, including oxidative phosphorylation, energy production, inflammatory response, and apoptosis. However,
mitochondrial damage can disrupt cellular homeostasis, increase the production of reactive oxygen intermediates, lead to
oxidative stress, and promote the activation of inflammatory pathways.” Therefore, maintaining mitochondrial home-
ostasis is essential for the health of both cells and organisms.'® Mitophagy servers as a primary mechanism for removing
damaged mitochondria through autophagic flux and can be triggered by various stimuli, such as the accumulation of
reactive oxygen species (ROS) and hypoxia.'! Mitophagy can be activated through a variety of pathways, including both
ubiquitin (Ub)-dependent and Ub-independent mechanisms.'> When cells undergo pathological alterations, damaged or
dysfunctional mitochondria generate excessive ROS and release pro-apoptotic factors, causing metabolic changes,
cellular damage, and cell death. Nevertheless, disruption of mitophagy impairs the body’s ability to eliminate these
damaged mitochondria, further contributing to the onset of disease. Recently, numerous studies suggested that the
destruction of mitophagy is related to a variety of diseases, such as inflammation, neurodegenerative diseases, cardio-
vascular diseases, and tumors."® The discovery of mitophagy’s role in human pathology and aging has made it a topic of
considerable research interest.

Ferroptosis is an intricate form of cell death regulated by iron ions, initially proposed by Dixon in 2012. In recent
years, with the deepening of research, significant progress has been made in elucidating the molecular mechanisms
controlling the induction and regulation of ferroptosis.'* Studies indicate that iron and ROS generated from lipid and iron
metabolism are pivotal in this process. The process involves phospholipid peroxidation of unsaturated fatty acids and the
formation of lipid hydroperoxides. The generated hydroperoxides interact with iron ions, leading to the production of free
radicals that subsequently drive ferroptosis.'> Therefore, previous investigations focused on cellular metabolism and
revealed the intimate link between ferroptosis and metabolic pathways. In recent years, researchers have discovered the
critical role of ferroptosis in tumor suppression and immune surveillance based on its potential biological functions.
Additionally, excessive ferroptosis may lead to organ damage, neurodegenerative diseases, ischemia/reperfusion injury,
and other disorders. Hence, ferroptosis holds promise as a potential therapeutic target for the treatment of various
diseases.'®

There is an important interplay between mitophagy and ferroptosis. As research advances, more scholars are
connecting these processes to investigate their correlation and mechanisms. Initially, mitophagy plays a crucial role in
either promoting or inhibiting ferroptosis in cells. Under mild stress and early iron overload conditions, mitophagy can
sequester iron within mitochondria, reducing ROS production and thereby alleviating ferroptosis.'”'® However, exten-
sive mitophagy may promote lipid peroxidation (LPO) and ferroptosis by increasing additional iron. Therefore,
mitophagy may exact varying effects on ferroptosis depending on autophagic flux. Similarly, ferroptosis also affects
mitophagy. Research indicates that during ferroptosis, increased oxidative stress levels can destabilize mitochondria,
triggering mitophagy. Moreover, certain ferroptosis inhibitors may also influence mitophagy.'® In conclusion, an in-depth
exploration of the mechanisms connecting these processes provides valuable insights into various diseases, including
tumors, inflammation, and cardiovascular diseases, from different perspectives.

The pathogenesis of ALI/ARDS induced by sepsis is extremely complex. Initially, inflammatory cell infiltration,
oxidative stress, and vascular leakage were considered key factors contributing to its onset. As research progresses, new
forms of cell death such as pyroptosis, ferroptosis, and mitophagy, have been identified concerning sepsis-induced ALI/
ARDS ?*?? Mitochondrial dysfunction may lead to sepsis-induced organ dysfunction, and studies have shown that the
increased damaged mitochondria in alveolar epithelium can activate nuclear factor erythroid 2-related factor 2 (Nrf2),
thereby inducing mitophagy and alleviating sepsis-induced ALI/ARDS.** Jiang et al** suggested that Sirtuin 1 (SIRT1)
has the capability to enhance mitophagy in pulmonary endothelial cells, thereby limiting excessive activation of
stimulator of interferon genes (STING) and NOD-like receptor thermal protein domain associated protein 3 (NLRP3),
potentially serving as a therapeutic target for this disease. Additionally, ferroptosis, a form of iron-dependent pro-
grammed cell death characterized by the accumulation of LPO, plays a significant role in the development of sepsis-
induced ALI/ARDS. CircEXOCS5 has been found to promote ferroptosis through the insulin-like growth factor 2 mRNA
binding protein 2 (IGF2BP2)/activating transcription factor 3 (ATF3) axis, exacerbating sepsis-induced ALIL?>® whereas
yes-associated protein 1 (YAP1) can alleviate sepsis-induced ALI by inhibiting ferroptosis mediated by ferritinophagy.*®
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Therefore, actively seeking potential targets to promote mitophagy and inhibit ferroptosis may provide new ways for the
treatment of sepsis-induced ALI/ARDS. Traditional herbs and their bioactive compounds have been utilized for
thousands of years. Recent advancements in biochemical and pharmacological techniques have facilitated more com-
prehensive investigations into the active components of these herbs and their mechanisms of action. Research has shown
that herbs and their bioactive compounds can offer distinct advantages in treating various diseases and providing organ
protection by modulating mitophagy and ferroptosis, particularly in the context of inflammatory diseases, tumors, and
strokes.?”2° Currently, there is extensive focus on the role of mitophagy and ferroptosis in sepsis-induced ALI/ARDS,
with some herbs demonstrating effectiveness in targeting these pathways for disease treatment.

In conclusion, the regulation of mitophagy and ferroptosis is pivotal in the pathogenesis and progression of sepsis.
Promoting mitophagy and inhibiting ferroptosis to a certain extent may provide a novel approach for treating sepsis-
induced ALI/ARDS. This review provides a comprehensive overview of the mechanisms and potential therapeutic targets
of mitophagy, ferroptosis and their interactions in sepsis-induced ALI/ARDS. The aim is to establish a theoretical
foundation for further investigations into the interplay between mitophagy and ferroptosis in sepsis, facilitating a nuanced
understanding of the intricate network mechanisms involved. Additionally, this article delves into the therapeutic
potential of herbs and their bioactive compounds that target mitophagy and ferroptosis in sepsis-induced ALI/ARDS,
aiming to offer a fresh perspective on its treatment.

Mechanism of Mitophagy

Mitophagy is essential for controlling the quantity of mitochondria in cells and preserving their proper function. Since the
concept was first proposed, researchers have been actively exploring its regulatory mechanism. Currently, the mechan-
isms of mitophagy are generally categorized into two main pathways: Ub-dependent pathway and Ub-independent
pathway (Figure 1). In this section, we will focus on elucidating the molecular mechanisms underlying these two distinct
types of mitophagy.

Ub-Dependent Pathway

The Ub-dependent pathway facilitates mitophagy by ubiquitinating various mitochondrial surface proteins. The PTEN-
induced kinase 1 (PINK1) /Parkin (PARK2) pathway represents the most extensively researched mechanism for
eliminating damaged mitochondria in mammals. PINK1, encoded by the PARK6 gene, is typically continuously
translocated to the inner mitochondrial membrane, where it is subsequently released into the cytoplasm for degradation
by the ubiquitin proteasome system.*° When the mitochondrial membrane potential is compromised, PINK1 accumulates
on the outer mitochondrial membrane through the translocase of the outer membrane.®' The accumulation activates and
phosphorylates ubiquitin at serine 65 (Ser65), thereby recruiting Parkin and activating mitochondrial quality control
pathways. Parkin is a kind of E3 ubiquitin ligase by PARK2 gene encoding, responsible for attaching ubiquitin to
substrate proteins, when the S65 residue of Parkin is phosphorylated by PINKI, it functions downstream of PINKI.
Damage to mitochondria can induce a conformational change in Parkin, converting it into an active E3 ubiquitin ligase.*
Research indicates that in the process of PINK1/Parkin-induced mitophagy, p62 facilitates the accumulation of damaged
mitochondria via its PB1 oligomeric domain. Notably, knockout of p62 hinders the final elimination of damaged
mitochondria without affecting Parkin’s recruitment to mitochondria.®* In addition, the ubiquitin chains assembled by
Parkin can recruit the autophagy receptor TANK-binding kinase 1 (TBK1), thereby directly or indirectly mediating the
phosphorylation of autophagy receptors.** Apart from the PINK 1/Parkin pathway, PINK1 can directly recruit autophagy
receptors such as optineurin (OPTN) and nuclear dot protein 52 (NDP52) to mitochondria through ubiquitin phosphor-
ylation, thereby enhancing mitophagy induction.>® Furthermore, research indicated that E3 ubiquitin ligases such as smad
ubiquitination regulatory factor-1 (SMURF1), mitochondrial E3 ubiquitin ligase 1 (MULI), and glycoprotein 78 (Gp78)

participate in ubiquitinating mitochondrial proteins and induce mitophagy.*®>°

Ub-Independent Pathway
Unlike the Ub-dependent pathway, the outer mitochondrial membrane hosts numerous autophagy receptors containing
microtubule-associated protein 1A/1B-light chain 3 (LC3) interacting domains, enabling direct binding with LC3 to
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Figure | Overview of the mitophagy mechanisms. The mechanisms of mitophagy are generally categorized into two main pathways: Ub-dependent pathway and Ub-
independent pathway. The black arrow indicates activation. Created in BioRender. Cheng, H. (2024) BioRender.com/g89m244.

Abbreviations: ROS, reactive oxygen species; PINKI, PTEN-induced putative kinase |; Ub, ubiquitin; TBKI, TANK-binding kinase |; ULKI, UNCS5I-like kinase-1; OPTN,
optineurin; NDP52, nuclear dot protein 52; SMURFI, smad ubiquitination regulation factor-1; GP78, glycoprotein 78; MULI, mitochondrial E3 ubiquitin ligase 1; NIX, Nip3-
like protein X; BNIP3, BCL2/adenovirus EIB 19kDa interacting protein-3; FUNDCI, FUN14 domain containing |; OMM, outer mitochondrial membrane; LC3, microtubule-
associated protein |A/1B-light chain 3.

initiate mitophagy. Examples include BCL2/adenovirus E1B 19kDa interacting protein-3 (BNIP3), Nip3-like protein
X (NIX)/BNIP3 like (BNIP3L) receptor, FUN14 domain-containing 1 (FUNDCI) receptor, and others. Studies indicated
that conditions such as hypoxia and increased ROS induce BNIP3L expression, thereby activating mitophagy.* Similar
to BNIP3L, BNIP3 also contains a BH3 domain structure. The study found that knockout BNIP3 significantly reduces
mitophagy. Unlike NIX, which primarily regulates physiological levels of mitophagy, BNIP3 excessively activates
mitophagy and leads to cell death.*’ FUNDCI, a kind of complete outer mitochondrial membrane protein, induces

mitophagy under hypoxia conditions by interacting with LC3.*

Mechanism of Ferroptosis

The concept of ferroptosis was initially proposed in 2012 and is defined as an iron-dependent form of non-apoptotic cell
death. Recent advancements have significantly enhanced our understanding of the mechanisms underlying ferroptosis.
Research has identified its complex relationships with iron, amino acid, and lipid metabolism, resulting in LPO, elevated
ROS levels, and iron accumulation. In this section, we focus on elucidating the mechanism of ferroptosis (Figure 2).

The Ferroptosis Pathway Regulated by Glutathione Peroxidase 4 (GPX4)

GPX4 is a selenoprotein recognized as a critical regulator of ferroptosis, catalyzing the converting glutathione (GSH) to
oxidized glutathione (GSSG) and reducing cytotoxic lipid peroxides (L-OOH) to their corresponding lipid alcohols
(L-OH).** GPX4 can prevent ferroptosis by eliminating intracellular peroxide, thereby sustaining cellular viability.
Conversely, inhibiting GPX4 activity leads to the accumulation of LPO, initiating ferroptosis. The System Xc - /
GSH/GPX4 axis is called the core pathway, pivotal in mitigating LPO-induced ferroptosis. Consequently, blocking the
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Figure 2 Overview of the ferroptosis mechanisms. The regulation of ferroptosis involves several pathways, including GSH/GPX4 regulation pathways, FSP1, mechanisms
related to iron and lipid metabolism, and the regulatory axis involving p53. The black arrow indicates activation and the red arrow suppression indicates inhibition. Created
in BioRender. Cheng, H. (2024) BioRender.com/w14d|39.

Abbreviations: PUFAs, polyunsaturated fatty acids; ACSL4, Acyl-CoA synthetase long-chain family member 4; PE, phosphatidylethanolamine; GPX4, glutathione Peroxidase
4; SLC7ALl I, solute carrier family 7 member |I; GSH, glutathione; SATI, spermidine/spermine Nl-acetyltransferase |; ALOXIS5, arachidonate-5-lipoxygenase; FSPI,
ferroptosis suppressor protein |; ROS, reactive oxygen species; GSSG, oxidized glutathione; TFRI, transferrin Receptor |; HSPBI, heat shock protein family B (Small)
member |; STEAP3, six-transmembrane epithelial antigen of prostate 3; SLC3A2, solute carrier family 3 member 2; DMTI, divalent metal transporter |; PCBP2, poly (rC)
binding protein 2; NRF2, nuclear factor erythroid-2 related factor 2; Keapl, Kelch like ECH associated protein |; HO-I, heme oxygenase-I, NCOA4, nuclear receptor
coactivator 4; IREB2, iron-responsive element binding protein 2; LPCAT, lysophosphatidylcholine acyltransferase.

System Xc—/GSH/GPX4 axis can effectively inhibit ferroptosis.**** In addition, research identifies certain triggers of
ferroptosis, such as RAS-selective lethal 3 (RSL3), which potentially acts by directly inhibiting GPX4 activity, reducing
cellular antioxidant capacity, promoting ROS accumulation, and ultimately causing ferroptosis.*¢

Ferroptosis Suppressor Protein | (FSPI)

FSP1 is a glutathione-independent inhibitor of ferroptosis that functions similarly to GPX4.*” Studies have shown that
FSP1 can consume nicotinamide adenine dinucleotide (NADH)/ nicotinamide adenine dinucleotide phosphate (NADPH)
to convert coenzyme Q10 into coenzyme Q10H2. Coenzyme Q10 is a lipophilic molecule primarily located in the inner
mitochondrial membrane, while coenzyme Q10H2 is a lipophilic antioxidant, capable of inhibiting ferroptosis by
trapping free radicals and preventing LPO.*® In addition to the GSH-independent FSP1-CoQ10-NAD(P)H axis, FSP1
also effectively suppresses ferroptosis via the non-canonical vitamin K redox cycle. Research demonstrates that FSP1
consumes NAD(P)H to reduce vitamin K to VKH2, which scavenges free radicals and inhibits LPO.*’

Iron Metabolism

Iron is a vital cofactor for numerous enzymes involved in redox control; however, its presence can result in the
generation of oxygen radicals that may damage cellular components. Hence, regulating iron levels in tissues is crucial.
Studies have found that transferrin (TF), ferritins, hepcidin, and ferroportin (FPN) as key players in maintaining body
iron homeostasis.”® Ferritin and hepcidin are integral regulators of cellular function and play a significant role in
controlling cell death, which is associated with redox processes. Notably, ferritin deficiency has been shown to trigger

51

ferroptosis by downregulating solute carrier family 7 member 11 (SLC7A11).”" In addition, inhibiting important
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transcription factors like iron-responsive element binding protein 2 (IREB2) can significantly increase the expression of
ferritin light chain 1 (FTL1) and ferritin heavy chain 1 (FTH1), thereby reducing the occurrence of ferroptosis.>?

Regulation of Lipid Metabolic Pathways

Lipid metabolism is intricately linked to ferroptosis, with polyunsaturated fatty acids (PUFAs) constitute a fundamental
component of this process owing to their vulnerability to LPO. Free PUFAs act as substrates for the synthesis of lipid
signaling transduction mediators but must be esterified into membrane phospholipids and oxidized to transmit ferroptosis
signals. Arachidonic acid (AA) is one of the most abundant PUFAs in animal cells. Research indicates that phosphati-
dylethanolamine (PE) containing AA or its derivatives is a crucial phospholipid in the induction of ferroptosis.”* Acyl-
CoA synthetase long-chain family member 4 (ACSL4) and lysophosphatidylcholine acyltransferase 3 (LPCAT3)
participate in the biosynthesis and remodeling of PE, activating PUFAs and affecting their transmembrane properties.
Consequently, downregulating ACSL4 and LPCAT3 increase unesterified AA levels while decrease the accumulation of
lipid peroxide substrates, thereby inhibiting ferroptosis. However, under the catalysis of lipoxygenase (LOX), PUFA-PE
can induce oxidative effects that lead to ferroptosis.’® Studies have demonstrated that the ACSL4/LPCAT3/15-LOX and
p53/SLC7A11/12-LOX pathways can trigger LPO production during ferroptosis.>

P53-Mediated Ferroptosis

The tumor suppressor gene TP53, also known as p53, responds to various stresses, including metabolic dysregulation,
DNA damage, and oncogene activation. Recent research has shown that p53 influence ferroptosis through classical and
non-classical pathways.>*>” SLC7A11, a pivotal component of the cysteine-glutamate antiporter system, is a direct target
of p53 inhibition. Investigations have found that P53 modulates the activity of GPX4 by suppressing the expression of
SLC7A11, which leads to a decreased antioxidant capacity, an accumulation of ROS, and the promotion of ferroptosis.>®
Furthermore, P53 can transcriptionally activate spermidine/spermine N1-acetyltransferase 1 (SAT1), inducing LPO and
subsequent ferroptosis through the upregulation of arachidonate-5-lipoxygenase (ALOX15) expression.>® However, some
studies suggested that P53 may also delay or inhibit ferroptosis. For instance, the p53/miR-34/ACSL4 axis participates in
ferroptosis regulation, with ACSL4 serving as a key regulator of PUFAs generation in the cell membrane. P53 can
activate miR-34 to downregulate the ACSL4 expression, thereby limiting the occurrence of LPO and ferroptosis.®
Consequently, P53 may regulate ferroptosis through a bidirectional pathway, highlighting the necessity for further
investigation into its mechanisms in future studies.

Mechanism of Cross-Talk Between Mitophagy and Ferroptosis

There is a close relationship between mitophagy and ferroptosis (Figure 3), with potential intersections in redox and iron
homeostasis. Research indicates that ROS play a pivotal role in mediating the interaction between these two pathways.
Primarily produced by mitochondria, ROS is implicated in the onset and progression of various diseases. The accumula-
tion of ROS, particularly mitochondrial ROS (mtROS), can trigger mitophagy, however, reducing mtROS levels can
safeguard cells against severe oxidative stress damage.®’ ROS are a primary trigger of ferroptosis, with mtROS induced
ferroptosis being recognized as a pivotal mechanism underlying sepsis-induced cardiac dysfunction.®* Research indicates
that the interaction between FUNDCI1 and GPX4 facilitates the recruitment of GPX4 from the cytoplasm to the
mitochondria via the mitochondrial protein import system. This process subsequently enhances the degradation of
GPX4 through mitophagy, thereby promoting ferroptosis.®® It is important to note that BNIP3 and NIX mediated
mitophagy can inhibit ferroptosis by downregulating mtROS.** Peng et al demonstrated that acute paraquat poisoning
enhances FUNDCI1-mediated mitophagy, subsequently inhibiting c-Jun N-terminal kinase (JNK) expression while
promoting the expression of nuclear receptor coactivator 4 (NCOA4). This cascade results in the activation of
ferritinophagy, thereby influencing ferroptosis.®> One study has demonstrated that mitophagy can activate ferritinophagy,
resulting in the release of ferrous iron from ferritin and an increase in intracellular ferrous ion levels. These unstable
ferrous ions can react with hydrogen peroxide via the Fenton reaction, generating hydroxyl radicals. Additionally,
a decrease in GSH and GPX4 levels may lead to the peroxidation of membrane phospholipids, ultimately resulting in

ferroptosis.®®
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Figure 3 Overview of the cross-talk mechanism between mitophagy and ferroptosis. The black arrow indicates activation and the red arrow suppression indicates
inhibition. Created in BioRender. Cheng, H. (2024) BioRender.com/z57u952.

Abbreviations: ROS, reactive oxygen species; FUNDCI, FUNI4 domain-containing |; BNIP3, BCL2/adenovirus EIB |9kDa interacting protein-3; AMPK, Adenosine 5'-
monophosphate activated protein kinase; GPX4, Glutathione peroxidase; PINKI, PTEN-induced kinase |; PARK2, Parkin; JNK, c-Jun N-terminal kinase; NCOA4, nuclear
receptor coactivator 4; GSH, glutathione; GSSG, oxidized glutathione; Nrf2, nuclear factor erythroid 2-related factor 2; HO-I, heme oxygenase-|.

The PINK1/Parkin pathway is a crucial mechanism in mediating mitophagy. Recent investigations have revealed that
deficiency in PARK2 results in elevated ROS, reduced GSH, iron release, upregulation of heme oxygenase-1 (HO-1), and
depletion of GPX4, ultimately resulting in ferroptosis. Consequently, PINK 1/Parkin mediated mitophagy may potentially
mitigate ferroptosis through the ROS/HO-1/GPX4 signaling pathway.®” Adenosine 5’-monophosphate activated protein
kinase (AMPK) serves as a guardian of metabolism and mitochondrial homeostasis. It has been shown to selectively
eliminate damaged mitochondria and plays a pivotal role in the activation of mitophagy through phosphorylation.®®*’
Furthermore, AMPK is a crucial regulator of ferroptosis; research indicates that it can inhibit ferroptosis in degenerated
chondrocytes through the Nrf2/HO-1 pathway. Thus, AMPK may serve as a key molecule in the interaction between

these processes.”’

Role of Mitophagy and Ferroptosis in Sepsis-Induced ALI/ARDS
Role of Mitophagy in Sepsis-Induced ALI/ARDS

Upon the onset of sepsis, the balance between pro-inflammatory mediators and anti-inflammatory mediators regulates the
progression of inflammatory response. Maintenance of this balance is crucial for controlling infection within the patient’s
body. However, disruption of this homeostasis, results in the release of pro-inflammatory mediators into the bloodstream,
precipitating a more extensive inflammatory cascade and organ dysfunction.”' Recent advancements have been achieved
in understanding the mechanism of mitophagy in sepsis-induced organ dysfunction, as research in this area has
increasingly deepened. Research indicates that sepsis can result in a reduction of mitochondrial membrane potential.
Under normal conditions, this potentially facilitates the engulfment of damaged mitochondria by autophagic bodies,
followed by their degradation through lysosomal fusion. This process enhances the recovery of septic patients with organ
dysfunction.”* Consequently, the alterations in mitochondria induced by sepsis may serve as the pathophysiological
mechanism that leads to organ failure in septic patients.

Mitochondria play a critical role in regulating Ca>" homeostasis, determine cell fate through triggering apoptosis/
necrosis and generating ROS. Additionally, mtROS and mtDNA can activate the NLRP3 inflammasome, thereby

connecting mitochondria dysfunction to the pathogenesis of sepsis and associated organ injury. Suliman et al’® observed
widespread activation of mitophagy in the alveolar region in a mouse model of Staphylococcus aureus-induced

pneumonia. This quality control process facilitated the removal and replacement of damaged mitochondria in lung
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cells, thereby enhancing cell survival and supporting alveolar function. Nrf2 is a transcription factor that regulates
mitochondrial quality, cytoprotective gene expression, oxidative stress repair, and anti-inflammatory and anti-apoptotic
processes, influencing mitochondrial function through the transcription regulation of downstream factors such as HO-1,
B-cell lymphoma-2 (Bcl-2), and B-cell lymphoma-extra-large (Bcl-XL).”* Nrf2 activation has been shown to resist
mitochondrial toxins and regulate the production of reduced GSH, thereby reducing mtROS production. However, Nrf2
deficiency may lead to impaired mitochondrial fatty acid oxidation and decreased adenosine triphosphate (ATP)
production.”> The downregulation of classic autophagy during sepsis has been identified as a contributing factor to
lung inflammation, while the activation of Nrf2 can promote mitophagy in the alveolar area, selectively removing
damaged mitochondria promoting tissue repair and enhancing cell survival, thereby mitigating sepsis-induced ALI/
ARDS. Therefore, promoting mitophagy may be an effective treatment for sepsis-induced ALI/ARDS.** Protein kinase
C-alpha (PRKCA), a member of the serine-threonine-specific protein kinase C family, is involved in mediating cell
growth and inflammatory responses. Research suggested that PRKCA/miR-15a-5p/ pyruvate dehydrogenase kinase 4
(PDK4) axis can restrain sepsis-induced ALI/ARDS by promoting mitophagy and inhibiting anti-inflammatory
response.”> OPTN is a multifunctional protein, and researchers have found that in the cecal ligation and puncture
(CLP) induced ALI, melatonin regulates the mitophagy associated with OPTN. This findings suggests that melatonin
may serve as a therapeutic approach to mitigate sepsis-induced ALL®

In summary, mitophagy is closely related to the pathogenesis and progression of ALI/ARDS in sepsis. Modulating
mitophagy during the disease is expected to ameliorate the inflammatory response and oxidative stress in sepsis, thereby
improving lung function and the long-term prognosis of patients. In recent years, significant progress has been made in
the targeted regulation of mitophagy in sepsis-induced ALI/ARDS. Certain targets and drugs that regulate mitophagy are
expected to become effective therapeutic approaches for sepsis.

Role of Ferroptosis in Sepsis-Induced ALI/ARDS

Ferroptosis is a form of programmed cell death characterized by iron-dependence LPO-mediated membrane damage. In
recent years, the research on the role of ferroptosis in sepsis and sepsis-related organ dysfunction has progressed rapidly.
Studies has highlighted the importance of macrophages, TF secretion, antioxidant molecules in airway epithelium and
cilia in maintaining lung iron homeostasis.*> In sepsis, dysregulated inflammation can cause widespread damage to
alveolar epithelial and microvascular endothelial cells, resulting in pulmonary edema and excessive neutrophil infiltra-
tion. Once these protective mechanisms are compromised, iron accumulation resulting from iron metabolism disorders
can lead to oxidative stress, inflammation, and mitochondrial dysfunction, thereby exacerbating lung injury.”’
Consequently, the association between ferroptosis and ALI/ARDS in sepsis highlights the necessity for further investiga-
tion and discourse on its implications for sepsis-induced ALI/ARDS.

Zhang et al*® discovered that overexpressing YAP1 can inhibit the degradation of ferritin, leading to the accumulation
of Fe*" by disrupting the NCOA4-FTH1 interaction. This disruption subsequently blocks the transport of cytosolic Fe*"
to mitochondria through the sideroflexin 1 (SFXN1), resulting in a reduction of mtROS production. As a result, YAP1
can effectively inhibit ferroptosis and alleviate sepsis-induced ALI. AU-rich element RNA binding factor 1 (AUF1), an
mRNA binding protein, acts as a crucial regulator in turning off inflammatory response and alleviating sepsis. The study
identified NRF2 and ATF3 as two critical factors involved in ferroptosis. The findings showing that AUF1 can reversely
regulate the expression of NRF2 and ATF3. Furthermore, upregulation of NRF2 and downregulation of ATF3 can
respectively increase the expression levels of SLC7A11 and GPX4, thereby inhibiting ferroptosis.”® Brg/Brm-associated
factor 155 (Srg3/BAF155) was found to be significantly upregulated in sepsis-induced ALI, promoting ferroptosis by
regulating the activation of the NF-«xB signaling pathway. In addition, Srg3 can be transcriptional activated by interferon
regulatory factor 7 (Irf7), and specific inhibition of Irf7 can significantly improve ALI symptoms.’® Protectin conjugates
in tissue regeneration 1 (PCTR1), a specialized pro-resolving mediator, has been shown in previous research to increase
serum superoxide dismutase (SOD) and GPX4 levels in mice, reducing ROS production and improving multiple organ
injuries associated with sepsis.®® Lv et al®' found that PCTR1 can decrease the Fe?', prostaglandin-endoperoxide
synthase 2 (PTGS2), and ROS production, while increasing the expression levels of GSH and GPX4, thereby alleviating
mitochondrial ultrastructure damage and contributing to lung protection. In addition, studies have shown that
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extracellular cold-inducible RNA-binding protein (¢CIRP) can induce ferroptosis in sepsis-induced ALI by downregulat-
ing GPX4 expression and elevating lipid ROS levels. This suggests that targeting eCIRP to regulate ferroptosis could
present a novel therapeutic approach for sepsis-induced ALI™

In conclusion, ferroptosis is intricately related to sepsis-induced ALI/ARDS, with its regulation involving complex
mechanisms, such as iron accumulation, LPO, and GPX4 regulation. Although numerous studies have made discoveries
and advancements in this field, the specific mechanisms require further investigation. Nonetheless, we believe that the

regulation of ferroptosis may emerge as an effective treatment for sepsis-induced ALI/ARDS.

Role of Crosstalk Between Mitophagy and Ferroptosis in Sepsis-Induced ALI/ARDS
Mitophagy and ferroptosis represent two critical forms of cell death marked by complex regulatory mechanisms. Research has
demonstrated that mitochondrial dysfunction can significantly impact both mitophagy and ferroptosis. The NEET protein
family member CISD3 (CDGSH iron sulfur domain 3) plays a crucial role in maintaining mitochondrial homeostasis and
regulating ROS metabolism. Knockdown of CISD3 induces mitochondria fragmentation, leading to the accumulation of free
iron and lipid peroxides, thereby promoting ferroptosis. In contrast, activation of mitophagy has been shown to mitigate
CISD3-related ferroptosis.'® Tang et al identified that the GTPase Dynamin-related Protein 1 (Drpl), a pivotal enzyme in
mitochondrial fission regulation, is essential in controlling cell death. Knockdown of Drpl mitigates damage to the
mitochondrial membrane potential, thereby safeguarding mitochondrial integrity, maintaining redox homeostasis, and alleviat-
ing the adverse effects of ferroptosis on cells.** Furthermore, numerous studies have elucidated the significant interaction
between mitophagy and ferroptosis. Research indicates that mitophagy can exert varying effects on ferroptosis depending on
the level of autophagic flux."® Current investigations have identified key nodes within the interaction network between
mitophagy and ferroptosis. For instance, Ji et al demonstrate that inhibiting thioredoxin-interacting protein (TXNIP) expres-
sion enhances PINK I-mediated mitophagy and concurrently inhibits ferroptosis.** Additionally, protein O-GlcNAcylation
serves as a critical nutrient sensor of glucose flux; its inhibition leads to mitochondrial fragmentation and promotes mitophagy,
resulting in an increase in labile iron and heightened sensitivity of cells to ferroptosis.'” Furthermore, other studies have
highlighted the essential roles of BNIP3 and NIX in regulating mitophagy and ferroptosis, suggesting that these proteins
modulate the levels of mtROS and protect cells from ferroptosis through their involvement in mitophagy.®*

The crosstalk mechanism between mitophagy and ferroptosis is involved in the occurrence and progression of sepsis and
sepsis-induced ALI/ARDS. Mitophagy is a process of selective autophagy targeting damaged mitochondria and plays
a critical regulatory role in maintaining mitochondrial homeostasis. It may exert inhibitory effects on the release of ROS,
consequently influencing the ferroptosis pathway. The Kelch repeat and BTB domain-containing protein 7 (KBTBD?7),
a member of the Kelch protein family, is crucial in the regulation of inflammatory factors. Knockdown of KBTBD7
decreases mtROS production and improves mitochondrial dysfunction, thereby decreasing the incidence of ferroptosis and
alleviating sepsis-induced ALL*> The CDGSH iron-sulfur domain-containing protein 1 (CISD1), a member of the NET
family localized to the outer mitochondrial membrane, has been shown to mitigate mitochondrial dysfunction and ferroptosis

by reducing ROS accumulation in Lipopolysaccharides (LPS)-induced ALL®

Olaparib has been found to effectively target
and mitigate markers associated with ferroptosis while improving mitochondrial quality, suggesting its protective mechanism
may be attributed to the enhancement of mitophagy and mitochondrial integrity, particularly in sepsis-induced organ
dysfunction scenarios.®’ It is concluded that mitophagy and ferroptosis are paramount in the pathophysiology of sepsis-
induced ALI/ARDS, with their crosstalk likely occurring through iron homeostasis, oxidative stress, and common target
proteins and pathways. Currently, there is limited research on the interaction between mitophagy and ferroptosis in the
context of sepsis-induced ALI/ARDS. However, elucidating the mechanisms of their interaction and identifying key cross-

targets may provide novel therapeutic strategies for managing sepsis-induced ALI and ARDS.

Herbs and Their Bioactive Compounds Affect ALI/ARDS by Targeting
Mitophagy and Ferroptosis

Traditional Chinese medicine (TCM) emphasizes the harmony and balance of the body, showcasing its unique advantage
in the treatment of sepsis. Studies have uncovered the capacity of herbs and their bioactive compounds to inhibit platelet
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aggregation, regulate inflammation and immune response, and improve microcirculation. These effects contribute to
prevention of sepsis onset and progression, thereby improving patient prognosis.88 Studies also indicated that the
synergistic effect of herbs, compound preparations, and their active ingredients with antibiotics can significantly decrease
the incidence of drug-resistant bacterial infection in patients with sepsis, while also mitigating and treating organ damage
caused by sepsis.®” In addition, during the widespread COVID-19 pandemic, herbal medicines like “Xuebijing”, Shenfu
injection, “Shengmai injection” and others played a crucial role in managing ARDS. Therefore, understanding the
clinical therapeutic efficacy, mechanism, and pharmacokinetics of herbs and their bioactive compounds in the treatment
of sepsis and related organ dysfunction is crucial. This section of the paper summarizes the research on how herbs and
their bioactive compounds influence ALI/ARDS by targeting mitophagy or ferroptosis, in order to provide a reference
from different perspectives for subsequent treatment for the disease (Table 1).

Herbs and Their Bioactive Compounds Affect ALI/ARDS by Targeting Mitophagy
Resveratrol, a phytoalexin produced by plants in response to stimuli, was first identified from the root of Veratrum
grandiflorum o. Loes (baiwulu) in 1939. This compound exhibits properties including anti-inflammatory, antioxidant,
cardiovascular protection, and anti-cancer. Resveratrol is identified in two isomeric forms, with trans-isomer demonstrat-
ing higher bioavailability and stability compared to the cis form.”” Findings from in vivo and in vitro experiments
demonstrate that resveratrol exhibits anti-inflammatory properties by inhibiting the production of pro-inflammatory
factors. Specifically, resveratrol reduces the mRNA expression and protein secretion of interleukin(IL)-17, and inhibits
the production of IL-6, IL-1, and tumor necrosis factor-a (TNF-a) in a dose-dependent manner.”® Another study
confirmed the efficacy of administering 40 mg of resveratrol daily in diminishing the levels of pro-inflammatory factors,
including TNF-a, IL-6, and C-reactive protein (CRP).”” Therefore, resveratrol has great potential in the treatment of
inflammatory diseases. In the context of sepsis-induced ALI/ARDS, resveratrol showcases its unique advantages. Studies
have identified that mitochondrial dysfunction and mitophagy mediated by phospholipid scramblase 3 (PLSCR-3) are
key factors in lung injury caused by CLP.'° After resveratrol treatment, an improvement in mitochondrial function was
observed, and the levels of autophagy-related (ATG) proteins and LC3-I/LC3-II significantly decreased, while the
expression level of P62 markedly increased. Therefore, resveratrol can ameliorate sepsis-induced ALI/ARDS by
regulating PLSCR-3 levels to improve mitochondrial dysfunction and mediate mitophagy. Moreover, studies further
highlight resveratrol’s potential in mitigating lung injury and inflammation through inhibits the oligomerization of the
caspase recruitment domain (ASC) and the NLRP3 activation. Resveratrol has been shown to reduce the content of
inflammation factors in serum and bronchoalveolar lavage fluid, such as IL-1f and IL-1, while simultaneously upregulat-
ing the expression of Pinkl, Parkin, Beclinl, ATG5 and LC3B - II proteins, thereby enhancing mitophagy.”® These
effects suggest that resveratrol may improve ALI in mice via its activation of the PINK1/Parkin pathway, the promotion
of mitophagy, and the inhibition of NLRP3 inflammasome activation. In conclusion, these findings suggest that
resveratrol may become a valuable addition to therapeutic strategies for treating sepsis-induced ALI/ARDS in the future.

Berberine, a quaternary ammonium isoquinoline alkaloid isolated from several traditional Chinese herbs, is widely
utilized in treating infectious diseases such as gastroenteritis, colitis, and dysentery due to its anti-inflammatory,
antibacterial, and regulation of glucose and lipid metabolism properties.'®''> Research has shown that berberine is
oxidized to oxyberberine, which enhances safety and exhibits superior anti-inflammatory, antimicrobial, and anti-
arrhythmic activities.'”® Recent studies have demonstrated that oxyberberine can improve sepsis-induced ALI, thereby
attracting significant attention to its underlying mechanism.'® Researchers found that in an in-vivo model, oxyberberine
can inhibit the accumulation of pro-inflammatory cytokines and alleviate LPS-induced lung injury and pulmonary edema.
In vitro study indicate that oxyberberine suppresses the inflammatory response in LPS-induced ALI by inhibiting PINK1/
Parkin mediated mitophagy.”’ Therefore, oxyberberine may present unique pharmacological applications in the preven-
tion and treatment of ALI.

Kahweol (KA) is a natural diterpene extracted from coffee beans that has been found to have deleterious effects on
serum lipid levels under certain circumstances, thereby increasing the potential risk of cardiovascular diseases. However,
studies have also shown that Kahweol exhibits various beneficial pharmacological activities, such as anti-inflammatory,
antitumor, anti-diabetic, and anti-angiogenesis effects.'” In recent years, research has highlighted Kahweol emerged as
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Table | Herbs and Their Bioactive Components for the Treatment of ALI/ARDS by Targeted Regulation of Mitophagy and Ferroptosis

Triterpenoid saponin, etc

ferroptosis

Herbs and Their Component Types Model Effect Target/Mechanism Ref
Bioactive Compounds
Resveratrol Polyphenol Mice model of CLP Regulation of | Regulating PLSCR-3 levels [41]
mitophagy
Resveratrol Polyphenol Mice model of LPS Regulation of | Activating the PINK|/Parkin pathway and inhibiting NLRP3 [90]
mitophagy inflammasome activation
Oxy-berberine Alkaloid I. Mice model of LPS Regulation of | Regulating PINK|/Parkin pathway [91]
I. LPS-induced ALl model of | mitophagy
A549 cell
Kahweol Diterpenoids I. Mice model of LPS Regulation of | Regulating CaMKKII/AMPK-dependent pathway and improving [92]
2. LPS-induced ALI model of mitophagy mitochondrial homeostasis
THP-1 cell
Puerarin Flavonoid LPS-induced ALI model of A549 Inhibition of Increasing total iron, ferrous iron, SLC7Al |, GPX4 and FTH [93]
cell ferroptosis levels and decreasing NOXI expression
Panaxynol Polyacetylenes I. Mice model of LPS Inhibition of | Regulating Keap|-Nrf2/HO-1 signal pathway [94]
2. LPS-induced ALI model of ferroptosis
BEAS-2B cell
Exocarpium Citri Grandis Flavonoids, Polysaccharides, Volatile oils, | 1. Mice model of LPS Inhibition of | Regulating Nrf2/GPX4 axis [95]
Coumarin etc 2. LPS-induced RAW 264.7 cell | ferroptosis
inflammatory model
Lonicera japonica Thunb Flavonoids, Organic acids, Volatile oil, Mice model of LPS Inhibition of | Activating the Nrf2/GPX4 axis [96]

Abbreviations: CLP, ligation and puncture; PLSCR-3, phospholipid scramblase 3; PINK |, PTEN-induced kinase |; NLRP3, NOD-like receptor thermal protein domain associated protein 3; SLC7Al |, solute carrier family 7 member | |;
GPX4, Glutathione peroxidase; FTH, ferritin heavy chain; NOXI, nicotinamide adenine dinucleotide phosphate oxidase I; Nrf2, nuclear factor erythroid 2-related factor 2; HO-1, heme oxygenase-1; LPS, Lipopolysaccharides
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a potential agent in alleviating ALI caused by sepsis. Li et al indicate that kahweol mitigates LPS-induced ALI in septic
mice by reduce inflammation and oxidative stress. Furthermore, kahweol promotes the activation of the Calcium-
calmodulin (CaM)-dependent protein kinase II (CaMKKII)/AMPK-dependent mitophagy pathway, which is crucial for
maintaining mitochondrial homeostasis and alleviating sepsis-induced ALL’* Therefore, kahweol may serve as
a promising plant-based therapeutic for the treatment of sepsis-induced ALI.

Herbs and Their Bioactive Compounds Affect ALI/ARDS by Targeting Ferroptosis
Puerarin is a flavonoid monomer isolated from the pueraria lobata. With ongoing research into its pharmacological
properties, puerarin has become widely utilized in the treatment of cardiovascular and cerebrovascular diseases,
inflammation, diabetes, Parkinson’s disease, and cancer.'®® Studies have demonstrated that puerarin exerts several
beneficial effects, including the inhibition of calcium influx, improvement of microcirculation, reduction of insulin
resistance, and scavenging of oxygen free radicals. At present, three main formulations of puerarin are extensively
employed in clinical practice.'”” Previous research has shown that puerarin can ameliorate LPS-induced lung injury by
suppressing inflammatory responses.'® Recently, Xv et al”® used LPS-induced human alveolar epithelial cells (A549) to
construct an ALI model of sepsis. Their findings revealed that puerarin reduced the expression of ROS, malondialdehyde
(MDA), and GSH in LPS-induced A549 cells, thereby alleviating cell damage and inflammatory response. In addition,
the study observed that LPS exposure increased total and ferrous iron levels in A549 cells and altered ferroptosis-related
proteins, including a decrease in the expression of SLC7A11, GPX4, and FTH1, alongside an increase in nicotinamide
adenine dinucleotide phosphate oxidase 1 (NOX1) expression. Following puerarin intervention, there was an observed
increase in the expression of total iron, ferrous iron, SLC7A11, GPX4 and FTHI, and a decrease in NOX1 expression in
A549 cells. Following puerarin intervention, the aforementioned changes were reversible, suggesting that puerarin may
mitigate sepsis-induced ALI by inhibiting LPS-induced ferroptosis in A549 cells.

Ginseng is a renowned medicinal plant extensively used in traditional medicine across Far Eastern countries such as
China, South Korea, and Japan.'” Panaxydol (PX), a polyacetylene compound, is the primary component of ginseng
exhibiting various biological activities such as anti-tumor, anti-inflammatory, anti-oxidation, and neuroprotection
effects.''® These properties highlight its potential for preventing and treating multiple diseases. Studies have shown
that PX can inhibit LPS-induced ALI, improve lung pathological changes, reduce pulmonary edema and inflammation, as
well as inhibit ferroptosis in mice models. In addition, PX has been found to suppress ferroptosis and inflammation in the
human bronchial epithelial cells (BEAS-2B) through the Keapl (Kelch like ECH associated protein 1)-Nrf2/HO-1
signaling pathway. Therefore, PX may exert a protective effect by inhibiting ferroptosis and could represent a new
strategy for ALI treatment in the future.”*

Exocarpium Citri Grandis (ECG) is the dried immature or near-mature outer peel of the Huazhou pomelos which
belongs to the orange citrus group and is known as “huajuhong” in China. ECG contains active flavonoids, polysacchar-
ides, volatile oils, coumarin, and other compounds. As a precious TCM with a history of hundreds of years, ECG has
been demonstrated to possess anti-inflammatory, antioxidant, immunomodulatory, and regulatory effects on lipid and
glucose metabolism. These properties have facilitated its clinical application in the treatment of pneumonia, diabetes,
hyperlipidemia, and related diseases.''' Previous research found that ECG can significantly ameliorate organ and tissue
damage caused by iron overload and ROS accumulation. Xu et al reported that ECG can alleviate pulmonary
inflammatory responses by inhibiting the Toll-like receptor 4 (TLR4)/ myeloid differentiation factor 88 (MyD88)/NF-
kB p65 and JAK/STAT (signal transducers and activators of transcription) signaling pathway. Furthermore, ECG
mitigates the activation of the NLRP3 inflammasome mediated by the TXNIP/NLRP3 pathway and regulates ferroptosis
through the Nrf2 / GPX4 pathway in a mouse model of LPS-induced ALL®”

Lonicera japonica Thunb (LJT) belongs to Caprifoliaceae family, because of the unique pharmacological properties,
are widely applied to various disease.''> Modern pharmacology studies show that LJT and its active ingredients exhibit
extensive effects, such as antibacterial, anti-inflammatory, antiviral, endotoxin inhibition, lipid-lowering, and antipyretic
activities.''*''"* Studies have found that both in vivo (mice) and in vitro (BEAS-2B cells) models of LPS-induced ALI,
LJT extract and its active component luteoloside, can alleviate lung injury and inflammation via the NF-«kB signaling
pathway.''> Xiong et al’® discovered that different parts of LJT have pharmacological activities, such as ferroptosis
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inhibition, antioxidative stress, and anti-inflammatory. Luteolin-7-O-rutinoside, apigenin-7-O-rutinoside, and amento-
flavone are potentially crucial ingredients of LJT that exhibit inhibitory effects on ferroptosis. Furthermore, LIT shows
potential in alleviate LPS-induced ALI by suppressing ferroptosis through activation of the Nrf2/GPX4 axis. Therefore,
these discoveries present a promising therapeutic candidate for managing ALIL

Conclusion and Prospects

Mitophagy and ferroptosis are crucial in the pathogenesis and progression of sepsis-induced ALI/ARDS. Certain drugs
that promote mitophagy or inhibit ferroptosis have emerged as potential therapeutic strategies. In recent years, the
investigation of interactions among various modes of cell death has emerged as a current research hotspot and
a promising direction for future studies.''® Research on the mechanisms underlying the interaction between mitophagy
and ferroptosis is still in its early stages. A significant challenge is the limited foundational studies and the absence of
large-scale multicenter clinical research. Furthermore, ALI and ARDS resulting from sepsis represent different stages of
the same disease, yet the differential effects of mitophagy and ferroptosis at these stages remain unexplored. Therefore,
further studies are necessary to elucidate the effects of the interaction mechanisms on the progression and severity of
various diseases. Research has demonstrated that mitochondrial dysfunction resulting in increased ROS generation is
a significant factor driving ferroptosis. Regulating mitophagy levels can suppress ferroptosis and mitigate sepsis-induced
ALI/ARDS by decreasing mtROS production. It is important to note that mtROS is not the sole trigger for inducing
ferroptosis. Although enhancing mitophagy alone may not completely prevent the occurrence of ferroptosis, drugs
targeting both processes simultaneously hold significant therapeutic promise for sepsis-induced ALI/ARDS. Therefore,
elucidating mitophagy and the intricate interplay with ferroptosis and identifying their key intersections are crucial for
guiding the development and application of novel treatments for ALI/ARDS in sepsis. In recent years, certain herbs and
their bioactive compounds have demonstrated advantages in treating sepsis-induced ALI/ARDS by regulating mitophagy
and ferroptosis. However, the application of these herbs and their bioactive compounds may encounter certain issues.
Firstly, current research primarily investigates the underlying mechanisms of these drugs, however, it lacks evidence
regarding their long-term therapeutic effects and potential side effects. As a result, there routine use in clinical practice is
limited. Second, in contrast to chemical drugs and biological agents, the components of herbs are complex and may act
through multiple pathways and targets. This complexity complicates the definition of safe dose ranges and identification
of toxic components. Finally, herbs derived from natural sources, has complex components and production processes,
which may result in unavoidable differences between batches, potentially leading to instability in treatment effects.
Future research demands extensive in vitro and in vivo investigations to elucidate the mechanisms and active components
of these potentially efficacious therapeutic candidates, as well as rigorous completion of clinical trials to mitigate
potential toxicities and adverse effects. To sum up, this review examines the mechanisms and interactions between
mitophagy and ferroptosis, highlighting their significant roles in the pathogenesis of sepsis-induced ALI/ARDS.
Furthermore, certain herbs and their bioactive compounds may emerge as potential therapeutic options for these
conditions in the future.
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