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Abstract: Cerebral ischemia, which is a leading cause of disability and mortality worldwide, sets off 

a chain of molecular and cellular pathologies that are associated with some central nervous system 

(CNS) disorders, mainly including ischemic stroke, Alzheimer's disease (AD), Parkinson's disease 

(PD), epilepsy and other CNS diseases. In recent times, despite significant advancements in the 

treatment of the pathological processes underlying various neurological illnesses, effective 

therapeutic approaches specifically targeted at minimizing the damage of such diseases remain 

absent. Remarkably, ischemia causes severe damage to cells in Ischemia-associated CNS Diseases. 

Cerebral ischemia initiates oxygen and glucose deprivation, which subsequently promotes 

mitochondrial dysfunction, including MPTP opening, mitophagy dysfunction, and excessive 

mitochondrial fission, triggering various forms of cell death, such as autophagy, apoptosis, as well 

as ferroptosis. Ferroptosis, a novel type of regulated cell death (RCD), is characterized by iron-

dependent accumulation of lethal reactive oxygen species and lipid peroxidation. Mitochondrial 

dysfunction and ferroptosis both play critical roles in the pathogenic progression of Ischemia-

associated CNS Diseases. In recent years, growing evidence has indicated that mitochondrial 

dysfunction interplays with ferroptosis to aggravate cerebral ischemia injury. However, the 

potential connections between mitochondrial dysfunction and ferroptosis in Cerebral Ischemia have 

not yet been clarified. Thus, we analyze the underlying mechanism between mitochondrial 

dysfunction and ferroptosis in Ischemia-associated CNS Diseases. We also discovered that GSH 

depletion and GPX4 inactivation cause lipoxygenase activation and calcium influx following 

cerebral ischemia injury, resulting in MPTP opening and mitochondrial dysfunction. Additionally, 

dysfunction in mitochondrial electron transport and an imbalanced fusion-to-fission ratio can lead 

to the accumulation of reactive oxygen species and iron overload, which further contribute to the 

occurrence of ferroptosis. This creates a vicious cycle that continuously worsens cerebral ischemia 

injury. In this study, our focus is on exploring the interplay between mitochondrial dysfunction and 

ferroptosis, which may offer new insights into potential therapeutic approaches for the treatment of 

Ischemia-associated CNS Diseases.. 

Keywords: cerebral ischemia; central nervous system diseases; mitochondrial dysfunction; 

ferroptosis; therapeutics 

 

1. Introduction 

Cerebral ischemia, characterized by insufficient blood flow and oxygen delivery to the brain, is 

a major cause of morbidity and mortality worldwide (Levchenkova et al., 2021). It can trigger various 
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pathological processes, including inflammation, oxidative stress, excitotoxicity, increased blood-

brain barrier (BBB) permeability, and mitochondrial dysfunction. These processes are also implicated 

in neurodegenerative diseases of the central nervous system (CNS) such as Alzheimer's disease (AD), 

Parkinson's disease (PD), and others. There is a wealth of evidence suggesting that cerebral ischemia 

is associated with the development and progression of CNS diseases, including ischemic stroke 

(Sveinsson et al., 2014), AD (Pluta et al., 2021), PD (Lohmann et al., 2022), epilepsy (L. Jiang et al., 

2022)and others (Goulay et al., 2020) related conditions collectively referred to as ischemia-associated 

CNS diseases (X. Liu et al., 2019). 

Mitochondria, as regulators of energy generation, play a crucial role in maintaining cellular 

homeostasis and function. Additionally, they serve as the primary energy source for the brain and 

their dysfunction is closely associated with cerebral ischemic injury, which is essential for the 

pathophysiology of ischemia-associated CNS diseases (Koch et al., 2017), During ischemia, there are 

significant reductions in ATP levels for brief periods of time. Mitochondria play a key role in various 

cellular processes, including ATP production, Ca2+ homeostasis, reactive oxygen species (ROS) 

generation, and apoptosis. Studies have reported that resveratrol can significantly increase SOD 

activity and improve mitochondrial integrity by preventing the loss of mitochondrial membrane 

potential, thereby reducing neuronal apoptosis after cerebral ischemia (R. Wang et al., 2014). 

Furthermore, selenium has been shown to protect against cell death induced by glutamate and 

hypoxia by reducing glutamate-induced ROS production, preserving mitochondrial membrane 

potential, and increasing mitochondrial biogenesis (Mehta et al., 2012). 

Due to mitochondrial dysfunction and other pathophysiological responses induced by cerebral 

ischemia, neurons are unable to maintain the normal ionic gradient across the neuronal membrane. 

This pathological process can lead to various types of cell death, including apoptosis, necrosis, 

autophagy, and ferroptosis (Figure 1) (Khoshnam, Winlow, & Farzaneh, 2017; Khoshnam, Winlow, 

Farzaneh, et al., 2017; P. Y. Li et al., 2016; Luo et al., 2013; van der Worp et al., 2010). Ferroptosis is a 

recently discovered form of regulated cell death characterized by the abnormal accumulation of iron-

dependent lipid peroxidation and lipophilic ROS in cellular membranes (Dixon et al., 2012; Stockwell 

et al., 2020). Previous research has shown that the mechanisms of ferroptosis are involved in 

glutathione (GSH) depletion (Cao et al., 2016; Stockwell, et al., 2020; Sun et al., 2018), glutathione 

peroxidase 4 (GPX4) inactivation (Cao, et al., 2016; Forcina et al., 2019; Stockwell, et al., 2020; Vuckovic 

et al., 2020), and metabolic imbalances of iron and lipids (Cao, et al., 2016; Dixon, et al., 2012; Forcina, 

et al., 2019). Previous studies have shown that ferroptosis has pathological roles in a wide variety of 

diseases, including stroke, PD, AD (Toyokuni et al., 2017). Additionally, activation of ferroptosis has 

been found to trigger mitochondrial swelling and mitochondrial membrane potential collapse via 

MPTP opening, ultimately leading to cell death (Kwong et al., 2015). Increasing evidence has 

prompted various interplay between ferroptosis and mitochondrial dysfunction following cerebral 

ischemia. In this case, mitochondrial iron metabolism is impaired, which results in excessive free iron 

accumulation in mitochondria and lipid peroxidation of their membranes. Another pathway of lipid 

peroxidation accumulation in the mitochondria is cysteine deprivation, which promotes 

glutaminolysis, thereby effectively enhancing mitochondrial respiration. Stimulating the activity of 

the tricarboxylic acid cycle gives rise to mitochondrial hyperpolarization and increased ROS 

production, which promotes the induction of lipid peroxidation and ferroptosis (Gao et al., 2019). It 

is crucial to understand the interplay between mitochondrial dysfunction and ferroptosis in the 

context of ischemia-associated CNS diseases. In this review, we aim to summarize and discuss the 

mechanisms underlying this interplay and its relevance to ischemia-associated CNS diseases. By 

clarifying this mechanism, we hope to provide a new perspective that can contribute to the 

development of treatments for ischemia-associated CNS diseases. 
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Figure 1. Overview of the pathophysiology of cerebral ischemia. 

2. Mitochondrial Dysfunction and Ischemia-Associated Central Nervous System Diseases 

Mitochondria play a critical role not only in other cells but also in neurons, and their structural 

and functional integrity is particularly important. Cerebral ischemia leads to damage to the structure 

and function of mitochondria, which is characterized by the opening of MPTP, oxidative stress, and 

disturbances in mitochondrial quality control. In this context, we aim to investigate these 

characteristics and their relationships with ischemia-associated CNS diseases. 

2.1. Mitochondrial Membrane Permeability Transition Pore 

The mitochondrial permeability transition pore (MPTP) complex, which is a non-specific and 

voltage-dependent channel, consists of the voltage-dependent anion channel (VDAC), adenine 

nucleotide translocator (ANT), and cyclophilin D (CypD) (Kalani et al., 2018). The opening of MPTP 

results in the uncoupling of oxidative phosphorylation, mitochondrial depolarization, swelling and 

mechanistic disruption of the outer mitochondrial membrane (Gustafsson et al., 2008; Sesso et al., 

2012; Weiss et al., 2003). The swollen organelle matrix preceding uncoupling of oxidative 

phosphorylation releases cytochrome c, which in turn activates apoptosis-inducing factor (AIF) and 

endonuclease G (Endo G), subsequently translocating to the nucleus and causing chromatin 

condensation and DNA breakage (Bonora et al., 2014).  

Previous studies have demonstrated that MPTP opening occurs in response to mitochondrial 

Ca2+ overload (Varanyuwatana et al., 2012). In addition, it also can sense oxidative stress, 

inflammation, pH imbalance, and iron disturbance generated by ischemic tissue and participate in 

this process to promote mitochondrial damage in neuronal cells (Bonora et al., 2019; Matsumoto et 

al., 2018). MPTP induction induces the activation of an inflammatory response by the release of 

succinate and mitochondrial damage-associated molecular patterns (DAMPs) that will induce tissue 

damage after cerebral ischemia (Dhalla et al., 2000). BCL2 family proteins (Bax, Bid, Puma, and 

BNIP3) can increase the permeability of the outer mitochondrial membrane，which results in the 

creation of permeability pores and upregulates other apoptotic factors (Gustafsson, et al., 2008; 

Orrenius et al., 2007). Moreover, the formation of MPTP was aided by the presence of oxidizing 

agents, inorganic phosphate (Pi), and alkaline pH (Boczek et al., 2015; Varanyuwatana, et al., 2012). 
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Therefore, blocking MPTP to maintain mitochondrial integrity and function may be beneficial in 

cerebral ischemia.  

2.2. ROS Production and Mitochondrial Dysfunction 

Mitochondria represent a crucial source of ROS, as some of the electrons are instead leaked out 

of the mitochondrial electron transport chain (Niizuma et al., 2010; Sanderson et al., 2013). Under 

physiological conditions, ROS, as the second messenger involved in a variety of cellular pathways, 

allows cells to undergo normal physiological activities, and sufficient antioxidant systems limit the 

damage to cellular components (Finkel, 2011). However, following cerebral ischemia, mitochondrial 

dysfunction disrupts the balance between ROS production and scavenging, leading to oxidative 

stress and cell injury (Radak et al., 2014).  

ROS can lead to protein modification or degradation via interacting with amino acids in protein 

molecules. It can also react with the side chains and the backbone of the protein, causing protein 

oxidation, peptide bond breaking, and protein degradation (W. Li et al., 2016). Oxidation of proteins 

by ROS can result in crosslink and aggregation between proteins, which induces functional 

alterations of the proteins, including enzyme inactivation or modification of ion channel activity 

(Aizenman et al., 1990; Fucci et al., 1983; Gray et al., 2015; Grune et al., 1995). Cerebral ischemia leads 

to extensive protein oxidation in human and animal models of stroke (Dominguez et al., 2010; S. Li 

et al., 2005). Glutamine synthetase can catalyze the conversion of glutamate to glutamine in astrocytes 

to protect neurons from excitotoxicity, and oxidative inactivation of glutamine synthetase has been 

found as a significant factor in the neurotoxicity induced by cerebral ischemia in gerbils (Oliver et al., 

1990; Suarez et al., 2002). ROS surges also disrupt DNA double strands, and lead to interchain 

crosslinks, protein-DNA crosslinks, DNA mutations, and DNA structural alterations, which cause 

irreversible damage to cells (Jena, 2012). 8 hydroxy 2V deoxyguanosine (8OHdG) is a common 

product of DNA oxidative damage, and elevated levels of 8OHdG during cerebral ischemia 

highlighted extensive DNA oxidation in cerebral ischemia precedes DNA fragmentation (Cooke et 

al., 2003; Cui et al., 2000; S. Li, et al., 2005; MacManus et al., 1999). In addition, ROS was found to 

directly damage the mitochondrial proteins and mtDNA, resulting in membrane integrity 

destruction, which in turn depolarizes and induces cell death (Droge, 2002). Oxidative degradation 

of lipids, known as lipid peroxidation, closely involves ferroptosis (Stockwell et al., 2017). ROS can 

attack lipids containing carbon-carbon double bonds, including polyunsaturated fatty acids, and 

produce unstable lipid radicals, reacting with oxygen to generate lipid peroxyl radicals. Lipid peroxyl 

radicals can react with other lipid acids to form another lipid radical and lipid peroxide (W. Li, et al., 

2016). The end products of lipid peroxidation-reactive aldehydes are generated in this process, 

including malondialdehyde (MDA) and 4-hydroxynonenal (4-HNE), which have been employed as 

markers for lipid peroxidation (Gueraud et al., 2006; Picaud et al., 2004; Serteser et al., 2002). MDA 

can react with amino acids in proteins and other molecules to form adducts, which can cause protein 

modification and DNA damage or mutation by promoting intramolecular or intermolecular protein 

or DNA cross-linking, resulting in secondary injury (J. Cheng et al., 2011; Z. Feng et al., 2006; 

Niedernhofer et al., 2003; Pizzimenti et al., 2013; Slatter et al., 2004). 4-HNE, a second messenger, can 

regulate a variety of transcription factors and major cell signaling pathways. Low levels of 4HNE 

promote cell proliferation, and differentiation as well as protect them against free radicals and 

inflammation. On the other hand, high concentrations of 4HNE cause cell apoptosis. Elevated lipid 

peroxidation has been found in rat cerebral ischemia models (Bromont et al., 1989; Yamamoto et al., 

1983), and is identified as playing a material role in cell death in cerebral ischemia. 

2.3. Disturbed Mitochondrial Quality Control 

Mitochondrial quality control, including mitochondrial fission and fusion, mitochondrial 

biogenesis, and mitophagy, is the cornerstone of preserving the integrity and stability of morphology, 

quantity and function, and plays an indispensable role in alleviating the pathological process of 

ischemia-associated CNS diseases (Qiu et al., 2019). However, recent reports found that prolonged 

ischemic times, directly related to mitochondrial quality control, lead to the disruption of dynamic 
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balance, which ultimately intensifies mitochondrial damage and causes cell death (Simmons et al., 

2020). 

In order to pre-existing mitochondria to proliferate and divide, a process known as 

mitochondrial biogenesis coordinates the transcription of mitochondrial and nuclear genes (A. Cheng 

et al., 2012). The peroxisome proliferator-activated receptor-coactivator-1α(PGC-1α) protein family 

plays an indispensable role in a multistep process that permits coordination (Scarpulla, 2011). PGC-

1α, the chief regulator of mitochondrial biogenesis, is activated by global cerebral ischemia and 

stimulates the expression and activation of a number of nuclear proteins, including UCP2 and SOD2, 

which induces mitochondrial biogenesis and has neuroprotective effects (S. D. Chen et al., 2010; Su 

et al., 2017).  

Aside from mitochondrial biogenesis, mitochondrial dynamics, which includes morphological 

changes associated with fission and fusion, is also a precisely regulated mechanism (Chung et al., 

2021). ATP supply deficiency following cerebral ischemia leads to neuronal plasma membrane 

depolarization, which leads to glutamate release and subsequent excitotoxicity (Doyle et al., 2008). 

Glutamate excitotoxicity influences mitochondrial fission and fusion, as well as the imbalance in 

mitochondrial fission and fusion, resulting in NMDA receptor upregulation and oxidative stress. 

Additionally, due to increased glutamate release from neurons and astrocytes induced by cerebral 

ischemia, NMDA and amino-3-hydroxy-5-methyl-4-isoxazole-propionic acid (AMPA) receptors, 

which are closely associated with ischemia-associated CNS diseases were overactivated (Babaei, 

2021; Guo et al., 2021; Hanada, 2020; Lai et al., 2019; Nguyen et al., 2011). Furthermore, mitochondrial 

fission and ROS interact with one another. On the one hand, increased mitochondrial fission can 

enhance ROS; correspondingly, inhibition of mitochondrial fission will restore ROS levels to normal 

(Y. Zhang et al., 2020). On the other hand, the increase of ROS can encourage the activation of Drp1, 

causing an increase in mitochondrial fission, which further increases ROS production, while 

knocking out Drp1 can reduce mitochondrial fragmentation caused by oxidative stress (Youle et al., 

2012).  

Selective mitochondrial autophagy, known as mitophagy, promotes the control of oxidative 

stress and recovery of damaged mitochondria composition. Excessive mitophagy may provoke 

uncontrolled degradation of mitochondria, and defective mitophagy may result in the accumulation 

of mitochondria and excessive ROS production, which have been proposed to contribute to cell 

degeneration and activation of cell death pathways (Bhatia et al., 2019; Khalifa et al., 2017). Moderate 

autophagy is protective, while excessive autophagy may contribute to cell deaths during 

ischemia(Mo et al., 2020). It has been reported that BNIP3L rescues mitophagy deficiency and protects 

against cerebral ischemia(X. Wu et al., 2021). And inhibiting Peroxynitrite-mediated mitochondrial 

activation could reduce neuronal damage in ischemic stroke(J. Feng et al., 2018). Additionally, 

previous studies have demonstrated defective mitophagy in AD and PD, resulting in the aggregation 

of autophagosomes, abnormal endosomes and abnormal lysosomes, which contributes to the 

pathology of AD and PD (Franco-Iborra et al., 2018; Ni et al., 2015). 

3. Ferroptosis and Ischemia-Associated Central Nervous System Diseases 

After cerebral ischemia, ferroptosis has been shown to have detrimental effects on the brain by 

promoting rapid neuronal death and dysfunction (Tuo et al., 2017). Moreover, inhibiting ferroptosis 

has been found to significantly reduce disease severity and promote functional recovery (Zhou et al., 

2020). Numerous lines of evidence have demonstrated that the mechanisms of ferroptosis involve 

lipid peroxidation triggered by GSH depletion, inactivation of GPX4, and iron overload, all of which 

contribute to the development of ischemia-associated CNS diseases (Dixon, et al., 2012; Kagan et al., 

2017; Lei et al., 2019). In this context, we aim to elucidate the mechanisms of ferroptosis and their 

underlying roles in ischemia-associated CNS diseases. 

3.1. Lipid Peroxidation 

Lipid peroxidation, the prototype of a free radical chain reaction that inserts oxygen into a C-H 

bond in oxidizable free polyunsaturated fatty acids (PUFAs), accumulates and causes ferroptosis 
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(D'Herde et al., 2017). It is noteworthy that among the PUFAs-related phospholipids, 

phosphatidylethanolamine (PEs) containing arachidonoyl (AA) and its derivative adrenaline 

adrenoyl (AdA) moieties have been indicated to be the indispensable substrates of oxidation in 

ferroptosis (Kagan, et al., 2017).A increasing body of work implicates lipid peroxides as important 

mediators of many pathological states including stroke, PD and AD (Gaschler et al., 2017).  

Ferroptosis induced by lipid peroxidation involves the following steps: acyl-CoA synthetase 

long-chain family member 4 (ACSL4) acts as a crucial regulator, and catalyzes the esterification of 

AA or AdA into PEs to form AA-CoA or AdA-CoA. Then AA-CoA or AdA-CoA can be incorporated 

into membrane phospholipids with the catalysis of lysophosphatidylcholine acyltransferase 3 

(LPCAT3) to generate AA-PE or AdA-PE. Finally, AA-PE and AdA-PE were the preferred substrates 

for oxidation, which were oxidized by 15-LOX into ferroptosis signals, including PE-AdA-OH and 

PE-AA-OH, and participated in ferroptosis execution (D'Herde, et al., 2017).  

The brain rich in PUFAs and iron is particularly vulnerable to lipid peroxidation since its low 

antioxidant defense capacities (Cobley et al., 2018). Arachidonate 15-lipoxygenase (ALOX15) is an 

enzyme that oxygenates PUFAs and bio-membranes, which can selectively and specifically induce 

the oxidation of AA/AdA-PE, resulting in the enzymatic production of AA/AdA-PE-OOHs (Han et 

al., 2014; Hinman et al., 2018). PUFAs are the major source of lipid peroxidation in ferroptosis, and 

ALOX15 can directly oxidize lipid membranes containing PUFAs (van Leyen et al., 2014). ALOX15 

was strongly expressed in neurons and endothelial cells following localized ischemia, while its 

inhibition or deletion prevented the development of edema and preserved the BBB (Jin et al., 2008; 

Yigitkanli et al., 2017). Lipid peroxidation products serve as underlying biomarkers for Ischemia-

associated CNS Diseases. Moreover, The accumulation of lipid peroxidation on the mitochondrial 

membrane plays a vital role in ferroptosis (Krainz et al., 2016).One clinical area where lipid 

peroxidation is especially significant is degenerative disease of the brain and  Ischemia-associated 

CNS Diseases. The brain consumes a large volume of oxygen and triggers a high quantity of ROS as 

a via product of ATP synthesis. Membrane phospholipids in the CNS are highly enriched in PUFAs, 

incorporating them rapidly from free fatty acids (C. T. Chen et al., 2008) 

3.2. GSH Depletion and GPX4 Inactivation 

Ferroptosis is regulated by lipid peroxidation, which may be reversed by GSH production and 

GPX4 activation. GSH, a tripeptide consisting of glutamate, glycine, and cysteine with sulfhydryl 

groups, exerts an indispensable duty in free radical scavenging and detoxification through 

glutathione S-transferase and GPX4 (Aoyama et al., 2015). As a glutamate/cystine antiporter that 

produces GSH and GPX4, System xc− plays a beneficial role in preventing ferroptosis (L. Wang et al., 

2020). However, extracellular glutamate levels will increase during a stroke, causing glutamate 

toxicity and system xc- impairment. As such, cystine-glutamate exchange will be blocked and the 

GSH production and GPX4 activation will be inhibited, which finally initiates ferroptosis (Lewerenz 

et al., 2013; Zhang et al., 2021). Additionally, the levels of GSH are decreased in cerebral patients and 

MCAO animal models, which was accompanied by elevated lipid peroxidation (Ahmad et al., 2014; 

J. H. Liu et al., 2020). GSH depletion increase ROS content, induce cell ferroptosis, and promote the 

degradation of dopaminergic neurons in PD (Asanuma et al., 2021). Temporarily, GSH 

supplementation or activation of Nrf2 pathway is expected to be an operative therapeutic process for 

neuroprotection in PD. In addition, GSH levels were significantly reduced in ischemic brain tissue of 

IS model rats, while cysteine supplementation to restore depleted GSH levels or administration of 

ferroptosis inhibitors significantly reduced neuronal injuries after IS (Lan et al., 2020). 

GPX4, one type of lipid enzyme, transforms lipid hydroperoxides into nontoxic lipid alcohols, 

which prevent the accumulation of toxic lipid oxidation (S. Hao et al., 2018; Yang et al., 2014). Lethal 

ferroptosis and neurological dysfunction can be caused by the deletion or inactivation of the GPX4 

(Brutsch et al., 2015; Imai et al., 2003), which mostly presents as progressive cognitive dysfunction 

and impaired behavior in the context of cerebral ischemia (Hambright et al., 2017; X. Jiang et al., 2018). 

It has been shown that the expression level of GPX4 was significantly reduced during the acute phase 

of ischemic stroke and that aggrandizing GPX4 levels can protect neurons from ferroptosis (Z. Zhang 
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et al., 2018). In addition, supplementation with tetrahydroxy stilbene glycoside, γ-glutamylcysteine, 

etc, can restore the GSH-GPX4 antioxidant system and reduce ROS levels in AD patients, thereby 

reducing Aβ-induced brain injury (Y. Liu et al., 2021).Meanwhile, GPX4 expression was decreased, 

and lipid peroxidation appeared in the hippocampus of epileptic model rats, which could be reversed 

by Fer-1 (Mao et al., 2019). 

3.3. Iron Overload 

There are two main sources of iron: food-derived iron and iron generated by the hemoglobin of 

senescent erythrocytes (Sliwinska et al., 2018). The Fe2+ is absorbed by the small intestinal mucosa 

epithelial cells, and then, the absorbed Fe2+ is oxidized to Fe3+ by the ferroxidase hephaestin, 

eventually, Fe3+ enters the circulation by ferroportin (FPN) (Chifman et al., 2014; Dong et al., 2008; 

Ferris et al., 1999). Furthermore, virtually all circulating Fe3+ tightly combined with transferrin (TF) 

to form the complete TF, which can bind to the membrane protein transferrin receptor 1 (TFR1) to 

transport the Fe3+ into the acidified endosomes (Hamai et al., 2017). Finally, iron reductase reduces 

Fe3+ to Fe2+, which is transported into the labile iron pool in the cytoplasm by divalent metal 

transporter 1 (DMT1) (Garton et al., 2016). Most released Fe2+ is utilized in several physiological 

processes, including the Fenton reaction, DNA synthesis, and mitochondrial oxidative metabolism. 

Ferritin, a protein with two subunits, namely ferritin heavy chain 1 (FTH1) and ferritin light chain 

(FTL), can store part of the released Fe2+. At the same time, FPN allows other iron that is not utilized 

or stored to be exported to the extracellular environment. Subsequently, the ceruloplasmin (Cp) can 

oxidize the exported Fe2+, which is bound to serum TF again (Hentze et al., 2010). Under physiological 

conditions, iron homeostasis is kept through these intricate networks. 

Prior to the concept of ferroptosis, it had already been acknowledged that the accumulation of 

iron in the brain was one of the causes of secondary brain damage (H. Liu et al., 2019; Tang et al., 

2020). Physiologically, BBB can rescue the brain against undulations in systemic iron (Qian et al., 

2019). However, the BBB is disrupted in acute ischemia, allowing free iron and ferritin to enter the 

brain parenchyma, and hydrogen peroxide is converted to hydroxyl radicals through the Fenton 

reaction (DeGregorio-Rocasolano et al., 2019; Y. Li et al., 2019). Besides, iron dissociation from TF is 

induced by the acidic environment of cerebral ischemia, which raises extracellular iron levels and 

transfers iron to neurons, increasing intracellular iron intake (Lipscomb et al., 1998; Palmer et al., 

1999; Selim et al., 2004). Ferritin, TFR1, and DMT1 have been demonstrated to increase during 

cerebral ischemia, which may contribute to the intake of iron (Chi et al., 2000; Lan, et al., 2020). 

Meanwhile, FPN, the only protein that exports iron from cells, has been downregulated following 

cerebral ischemia, further aggravating intracellular iron overload by preventing its outflow (L. Li et 

al., 2009).  

Iron overload has been identified as a significant provenience of oxidative stress in cerebral 

ischemia. Iron deposits severely in the basal ganglia, thalami, periventricular, and subcortical white 

matter regions following severe ischemic and hypoxic brain injury (Dietrich et al., 1988). This process 

sharply increases ROS production, directly damaging proteins, amino acids, nucleic acids and 

membrane lipids, ultimately mediating ferroptosis. Furthermore, the source of lipid peroxidation 

comes in three ways: lipid autoxidation catalyzed by iron, esterification and oxygenation of PUFAs, 

and production of lipid ROS associated with the Fenton reaction (Kaye et al., 2019; Yang et al., 2016). 

Iron participates in all three pathways, which are critical factors in triggering ferroptosis. It has been 

shown that multiple iron chelates or iron export compounds have indicated neuroprotective effects 

in ischemic strokes models(Hanafy et al., 2019), supporting iron accumulation as a therapeutic target 

in ischemic strokes. 

4. The Interplay between Mitochondrial Dysfunction and Ferroptosis in Ischemia-Associated 

Central Nervous System Diseases 

Mitochondria play a crucial role in cellular stress response and are dynamically involved in 

multiple types of regulated cell death mechanisms, including ferroptosis. Furthermore, there is 

mounting evidence from various sources, including structural, functional, and autophagic studies, 
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indicating the existence of crosstalk between mitochondria and ferroptosis. This crosstalk is 

illustrated in Figure 2. 

 

Figure 2. The Interplay between Mitochondrial Dysfunction and Ferroptosis in ischemia-associated 

CNS diseases. 

4.1. The Interplay between Mitochondrial Dysfunction and Ferroptosis in IS 

In light of the existing animal studies, mitochondrial dysfunction was reported in ischemic 

stroke, which was correlated with oxygen and glucose deprivation (OGD) (T. Yang et al., 2020). 

Although a vast array of evidence suggested that the Fenton reaction was the primary source of ROS 

in ferroptosis (Shen et al., 2018; S. Wang et al., 2018), mitochondrial ROS production likely contributes 

to ferroptosis induction by promoting lipid peroxidation (Gan, 2021). In the ischemic brain, p53 

rapidly accumulates and activates transcriptional-dependent and transcriptional-independent 

programs to cause neuronal apoptosis (Almeida et al., 2021). Recent studies revealed that p53 favors 

mitochondrial respiration and contributes to ROS-mediated ferroptosis, which has a direct impact on 

metabolic versatility (W. Zhang et al., 2018). Moreover, MitoROS may activate ER stress which 

triggers autophagy and ferroptosis (C. Zhao et al., 2021). ONOO−-mediated mitophagy is suspected 

t be excessive in stroke and could provoke uncontrolled degradation of mitochondria, resulting in 

stored iron releasing, which triggers iron overload and ferroptosis (Du et al., 2020; J. Feng et al., 2017). 

Additionally, the NOD LRR pyrin domain-containing protein 3 (NLRP3) inflammasome in microglia 

was activated immediately following cerebral I/R injury, and mitochondrial dysfunction played a key 

role via releasing mitochondrial ROS, mitochondrial DNA damage, and releasing phospholipid 

cardiolipin in this process (Gong et al., 2018; He et al., 2020). Exceptional activation of the NLRP3 

inflammasome via mitochondrial dysfunction conduces to not merely pyroptosis but other kinds of 

cell death, including ferroptosis (Y. Huang et al., 2021).  

The characteristic morphological changes of mitochondria in ferroptosis are the shrunken 

mitochondria, ruptured external membrane, reduced crista, a compressed internal membrane, and 

an electron lucent nucleus (H. Wang et al., 2020). These changes eventually lead to cell membrane 

rupture, mitochondrial membrane potential depolarization, and MPTP opening. MPTP is deeply 
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involved in ROS production in the mitochondria of neuronal cells during ischemic stroke 

(Matsumoto, et al., 2018). Moreover, MPTP opening causes mitochondrial energetic dysfunction, 

organelle swelling, rupture as well as typically ferroptosis, thus creating a vicious circle (Basit et al., 

2017; Kwong, et al., 2015). These studies suggest that MPTP is an important intersection point 

between mitochondrial dysfunction and ferroptosis. VDACs, a channel-forming protein situated at 

the mitochondrial outer membrane, allowed the metabolites and irons across the outer membrane 

(Colombini, 2012; Hodge et al., 1997). The partial closure of VDACs after global ischemia inhibits 

mitochondrial metabolism and reduces mitochondrial membrane potential (Maldonado et al., 2012; 

Yao et al., 2018). Interestingly, ferroptosis activator Erastin promotes VDAC2/3 opening, causing 

mitochondrial iron uptake and increasing the mitochondrial membrane potential. In the following 

hours, mitochondrial depolarization was identified, which is a manifestation of mitochondrial 

dysfunction (DeHart, Fang, et al., 2018; DeHart, Lemasters, et al., 2018; Gao, et al., 2019). Therefore, 

stabilizing VADCs can be used as an effective target in ferroptosis treatment. 

Additionally, mitochondrial-dependent proapoptotic protein Bid is transactivated after IR, 

which may be caused by lipid peroxidation and the increase of ROS induced by ferroptosis. As a 

result, the mitochondrial membrane potential and integrity are lost, ATP synthesis is impaired, ROS 

production increase, and AIF is released from the mitochondria to the nucleus (Neitemeier et al., 

2017; Yin et al., 2020). 

4.2. The Interplay between Mitochondrial Dysfunction and Ferroptosis in AD 

As a matter of fact, it is generally accepted that mitochondria participate in AD. Mitochondrial 

ferritin (FtMt) regulates iron metabolism by modulating the redistribution of iron from mitochondria 

to the cytoplasm, which protects mitochondria from iron-induced oxidative injury (Carocci et al., 

2018). And lack of FtMt aggravates amyloid β-induced neurotoxicity. Therefore, we speculate that 

lack of FtMt may lead to iron overload by aggravating mitochondrial dysfunction via enhancing 

oxidative stress in AD (Fuhrmann et al., 2020; L. Wang et al., 2017). Iron regulatory protein 1 (IRP1) 

activation is secondary to mitochondrial dysfunction and is regulated by the mitochondrial ISC 

biogenesis pathway, it selectively regulates amyloid β precursor protein (APP) mRNA and causes 

iron accumulation (Calvelage et al., 2021; Rouault et al., 2017; Urrutia et al., 2017). To prevent excess 

cytoplasmic iron, mitoferrin1/2 allows iron to enter the mitochondria to maintain iron homeostasis. 

However, recent studies have shown that mitoferrin1/2 was unregulated in AD, causing cells to 

exhibit iron overload (J. Huang et al., 2018; H. Wang, et al., 2020). Additionally, the pathophysiology 

of AD has also been linked to the aberrant activation of the NLRP3 inflammasome induced by 

mitochondrial dysfunction. The NLRP3 inflammasome has been shown to be critical for the 

pathological drive of amyloid and tau proteins (Ising et al., 2019). Iron overload is the most apparent 

alteration of these pathological processes, which can promote ferroptosis by causing lipid 

peroxidation via intracellular ROS generated by the Fenton reaction. Mitophagy can reduce 

mitochondrial ROS production and degrade dysfunctional mitochondria (Guan et al., 2018). So far, 

Pink1-Parkin-mediated mitophagy is the most deeply understood mechanism of mitophagy in 

mammalian cells (Ni, et al., 2015). Pink1-Parkin-mediated mitophagy, as a particular type of 

autophagy, is discovered to be strongly activated at the onset of AD (Hajj Hussein et al., 2015). 

Cytosolic Parkin levels decrease during disease progression, resulting in increased mitochondrial 

dysfunction (Hajj Hussein, et al., 2015). Impaired mitophagy may lead to mitochondrial 

accumulation, increased oxygen consumption, and excessive formation of ROS, which is associated 

with lipid peroxidation (Evans et al., 2020). 

A plethora of evidence showed that lipid peroxidation and GSH depletion, the primary 

signature of ferroptosis, have been described in AD (N. Yan et al., 2019). And iron-induced oxidative 

stress also is an important pathological mechanism of AD that can directly cause neuronal damage 

and cell death. The ferroptosis pathway may contribute to our understanding of how iron enhances 

the neurotoxicity of other major pathological features of AD, including those associated with Aβ and 

tau (Lane et al., 2018). Anna et al. found a significant decrease in the activity of GPX in Alzheimer's 

disease (Zalewska et al., 2021). Consistent with this, adult mice with conditional GPX4 ablation in 
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their forebrain neurons have cognitive deficits and hippocampus degeneration resembling 

Alzheimer's disease. It is noteworthy that lipid peroxidation and mitochondrial impairments related 

to ferroptosis are found in this model, which can be partly rescued by inhibitors of ferroptosis, 

confirming ferroptosis involvement (Hambright, et al., 2017). Moreover, under iron overload 

conditions, mtDNA is damaged by ROS produced by the labile iron pool (Matsuo-Tezuka et al., 2019). 

MtDNA double-strand breaks, as well as progressive loss of intact mtDNA, reduced mtDNA 

transcription and decreased expression of respiratory chain subunits encoded by the mitochondrial 

genome were reported in AD cells, which were also observed in ferroptosis mitochondrial. Therefore, 

we speculated that one of the main culprits of mtDNA damage in AD cells was ferroptosis (W. Hao 

et al., 2021; Tonnies et al., 2017). 

4.3. The Interplay between Mitochondrial Dysfunction and Ferroptosis in PD 

Mitochondrial dysfunction is a key pathophysiological change in PD and is an essential initiator 

of dopaminergic neuron loss (Malpartida et al., 2021). Excessive ROS leads to mitophagy in PD 

patients, a negative feedback mechanism that plays a crucial role in eliminating ROS by inhibiting 

oxidative stress. Hence, mitophagy is regarded to be neuroprotective by scavenging ROS generation 

(Amro et al., 2018; Orellana-Urzua et al., 2020; Wible et al., 2018). However, mitophagy dysfunction 

has been observed in several PD models (J. Liu et al., 2019), which causes ROS could not be effectively 

scavenged. Excessive ROS expedites oxidative stress to cell components and causes extensive lipid 

peroxidation, leading to ferroptosis (Gutteridge et al., 1979). MitoNEET, an iron-containing outer 

mitochondrial membrane protein, participates in exporting iron from mitochondria (Mittler et al., 

2019). MitoNEET KO mice exhibit multiple characteristics of early neurodegeneration in PD, 

including mitochondrial dysfunction, loss of striatal dopamine and tyrosine hydroxylase 

(Geldenhuys et al., 2017). Knockout of MitoNEET will increase the mitochondrial iron content and 

lipid peroxidation (H. Yuan et al., 2016), aggravating the adverse effects of erastin-induced 

ferroptosis. NEET proteins were identified as a newly discovered iron-sulfur protein (2Fe-2S), which 

mediated the export of sulfur ions and iron between the cytosol and the mitochondria when the 

synthesis of Fe-S clusters was disturbed (Mittler, et al., 2019). Deletion of one of the mitoNEET 

isoforms, CDGSH iron sulfur domain 1 (CISD1), led to ferroptosis by causing mitochondrial iron 

accumulation and the production of mitochondrial lipid peroxides (H. Yuan, et al., 2016). 

Interestingly, CISD1 knockout mice exhibit many features of Parkinson’s disease. In addition, recent 

studies also highlight that Mfrn1/2 is impaired not only in AD but also in PD, which are all linked to 

ferroptosis. These findings illustrate mitochondria play a crucial role in cellular iron homeostasis, 

and the regulation of iron storage in mitochondria will be an effective strategy to inhibit ferroptosis 

in PD. 

Intracellular calcium overload interacts with iron overload, which is characteristic of ferroptosis, 

and each ion disorderliness occurs in PD and AD (Maher et al., 2018). Increased cytoplasmic Ca2+ 

promotes 12/15-LOX activation (Brinckmann et al., 1998). Furthermore, excess Ca2+ entering 

mitochondria produces mitochondrial dysfunction and damage, whereas iron overload induces 

oxidative stress, which increases the flow of excessive calcium signals (Do Van et al., 2016). In 

addition, in the experimental model of arsenite-induced neuronal cell death that has been shown to 

be associated with PD and AD, it was shown that the loss of neurons is caused by the generation of 

ROS, the imbalance of GSH and GSSG, and ferroptosis-related signaling pathways. Of note, in this 

model, VADCs and mitogen-activated protein kinases were activated, leading to mitochondrial 

dysfunction, which may be associated with ferroptosis. Despite the clinical distinctions between AD 

and PD, these disorders share partially similar clinicopathologic features in ferroptosis, including 

unregulated mitoferrin1/2, calcium overload, iron overload and VADCs opening. 

4.4. The Interplay between Mitochondrial Dysfunction and Ferroptosis in Epilepsy 

Mitochondrial oxidative stress induced by ROS is emerging as a crucial element involved in the 

onset of epilepsy (N. Yang et al., 2020). Dysregulation of astrocyte glutamate metabolism due to 

mitochondrial oxidative stress results in high extracellular levels of glutamate occurring in the brain 
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during epileptic seizures, which can cause recurrent seizures (Albrecht et al., 2017; Boison et al., 2018; 

Fulton et al., 2021). Moreover, excessive glutamate induces neuronal over-excitation and neuronal 

excitotoxicity and triggers ferroptosis (Dixon, et al., 2012). Additionally, previous studies have 

discovered that autophagy induced by mitochondrial oxidative stress is crosstalk with ferroptosis. 

Mitochondrial antioxidants Mito-TEMPO can reduce GSH depletion and autophagic response, which 

induces autophagy inhibition to block the ferroptosis process (Wei et al., 2020).  

GSH serves as imperative free radical scavenger compounds, which play an imperative role in 

alleviating oxidative stress and preventing neuronal death (Mueller et al., 2001). It was found to 

reverse mitochondrial dysfunction (Diao et al., 2020). Patients with epilepsy have lower GPX4 and 

GSH levels compared to normal controls, which have been linked to ferroptosis (Y. Cai et al., 2021). 

The persistently low GPX4 and GSH result in neuronal excitability changes, hippocampal neuron 

loss, and astrocyte proliferation, which may induce mitochondrial dysfunction (Kurzatkowski et al., 

2013). Meanwhile, in rats with temporal lobe epilepsy (TLE) induced by kainic acid, a considerable 

accumulation of lipid peroxidation and consumption of GSH have been observed, combined with a 

decrease in the mitochondrial region of hippocampal neurons (Ye et al., 2019). Collectively, these 

findings imply that mitochondrial dysfunction due to low GPX4 and GSH levels during ferroptosis 

is a nonnegligible reason for cell damage in epilepsy. Particularly, the p53 pathway, which can adjust 

necrosis and autophagic activity, including mitophagy, directly alters the metabolic versatility by 

promoting mitochondrial respiration and contributing to the ROS-mediated ferroptosis in Ischemia-

associated CNS Diseases (Lu et al., 2020; Morrison et al., 2000; Shi et al., 2020; P. Zhang et al., 2020; 

W. Zhang, et al., 2018).  

5. Targeting Intervention of Mitochondrial Dysfunction and Ferroptosis for the Treatment 

against Ischemia-Associated Central Nervous System Diseases 

Recent studies have revealed that mitochondrial dysfunction and ferroptosis are not only 

associated with mechanisms of neuronal death but also have significant clinical applications in the 

diagnosis and treatment of ischemia-associated CNS diseases. As a result, numerous studies have 

focused on this aspect and have suggested that the potential mechanism for preventing and treating 

ischemia-associated CNS diseases may involve the intervention of mitochondrial dysfunction and 

ferroptosis. This relationship is illustrated in Table 1. 
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Table 1. Study on ischemic encephalopathy treatment about mitochondrial dysfunction and ferroptosis. 

Interventions Mechanism for Mitochondrial Dysfunction Mechanism for Ferroptosis References 

Kaempferol 1. inhibit mitochondrial fission 

2. maintain mitochondrial HK-II through activation of 

Akt 

1. activate Nrf2, SLC7A11 and GPX4 (B. Wu et al., 2017; Y. Yuan et al., 

2021) 

α-Lipoic acid (LA) 1. improve the antioxidant system, stimulating 

mitochondrial biogenesis 

2. prevent ROS production, and inducing Nrf2 

overexpression 

1. block Tau-induced iron overload, lipid 

peroxidation, and inflammation 

(Dos Santos et al., 2019; Y. H. 

Zhang et al., 2018) 

Idebenone 1. regulate the expression of the VDAC1 and BNIP3 1. decrease lipid peroxidation (Avci et al., 2021; J. Yan et al., 

2022) 

RTA 408 1. activates NRF2 by inhibiting Keap1 

2. inhibit mitochondrial depolarization 

1. activates NRF2 by inhibiting Keap1 

2. inhibit lipid peroxidation, and ferroptosis 

(Shekh-Ahmad et al., 2019) 
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Mitochondria are double-membrane organelles with functionally and structurally distinct outer 

and inner membranes, separating the intermembrane space from the matrix1. Continuous 

mitochondrial damage results in the dysfunction of energy metabolism; consequently, this leads to 

decreased ATP production, increased ROS burden, and reduced calcium buffering, all of which lead 

to neuronal loss characteristic of ischemia-associated CNS diseases. It has been reported that α-Lipoic 

acid (LA) supplementation effectively inhibited the high phosphorylation of Tau in several AD-

related sites and reversed the cognitive decline of P301S Tau transgenic mice. When studying the 

death patterns of various neural cells in the brain tissues of mice treated with LA, it was found that 

Tau-induced iron overload, lipid peroxidation, and inflammation related to ferroptosis were 

significantly blocked by LA administration, suggesting that LA plays a role in inhibiting Tau 

hyperphosphorylation and ferroptosis (Y. H. Zhang, et al., 2018). Besides, LA, as a "mitochondrial 

nutraceutical", cannot only improve the antioxidant system and stimulate mitochondrial biogenesis 

but also directly prevent ROS production using the thiol group for redox regulation. LA also can be 

inducing the overexpression of Nrf2, which promotes improved mitochondrial function in neurons 

(Dos Santos, et al., 2019). Idebenone, an analog of the well-known antioxidant compound coenzyme 

Q10 (CoQ10), rescues cells against ferroptosis in PD by decreasing the striatal levels of the lipid 

peroxidation products and increasing the expression of GPX4 (Avci, et al., 2021). Meanwhile, 

idebenone can regulate the expression of the mitophagy-related outer membrane proteins VDAC1 

and BNIP3, activate Parkin/PINK1 mitophagy, promote the degradation of damaged mitochondria, 

and reduce dopaminergic neuron damage, which improves behavioral disorders in PD mice (J. Yan, 

et al., 2022). Clinical phase therapeutic vatiquinone (EPI-743, α-tocotrienol quinone) has decreased 

the frequency and associated morbidity of mitochondrial disease. Further research indicates that EPI-

743 reduces the incidence of epilepsy by protecting from ferroptosis under GSH depletion and iron 

overload conditions (Kahn-Kirby et al., 2019). In addition, RTA 408 activates Nrf2 via blocking Keap1, 

which prevents mitochondrial depolarization, ferroptosis, and lipid peroxidation in an in vitro model 

of seizure-like activity (Shekh-Ahmad, et al., 2019). 

BID-mediated mitochondrial damage is a prerequisite for death signaling in neurons in severe 

oxidative stress paradigms. Recent studies have found that erastin-induced ferroptosis in neuronal 

cells was accompanied by BID transactivation to mitochondria, loss of mitochondrial membrane 

potential, enhanced mitochondrial fragmentation and decreased ATP levels. Bid knockout can 

prevent mitochondrial dysfunction in paradigms of ferroptosis. Vice versa, the ferroptosis inhibitor 

ferrostatin-1 blocked BID transactivation, mitochondrial fragmentation and the loss of mitochondrial 

membrane potential after glutamate exposure in neuronal cells, confirming that ferroptosis shares 

detrimental mechanisms of ROS formation upstream of BID-dependent mitochondrial demise 

(Neitemeier, et al., 2017). These findings show that mitochondrial transactivation of BID links 

ferroptosis to mitochondrial dysfunction as the final execution step in this paradigm of oxidative cell 

death. Nrf2 is involved in modulating ferroptosis related genes, including genes for GSH regulation 

(synthesis, cysteine supply via system xc−, GSH reductase, GPX4), NADPH regeneration which is 

crucial for Gpx4 activity (glucose 6-phosphate dehydrogenase, phosphogluconate dehydrogenase, 

malic enzyme) and iron regulation (iron export and reserve, heme synthesis and catabolism) (Kerins 

et al., 2018; J. M. Lee et al., 2003; Sasaki et al., 2002; K. C. Wu et al., 2011). Peroxisome proliferator-

activated receptor gamma (PPARγ), a major regulator of lipid metabolism (W. Cai et al., 2018), can 

be activated by oxidized lipids relevant to the initiation of ferroptosis (Itoh et al., 2008), which 

reciprocally regulated with Nrf2, participating in the regulation of lipids (W. Cai, et al., 2018; C. Lee, 

2017). Additionally, Nrf2 also plays an important role in modulating the mitochondrial quality 

control system including biogenesis via interaction with PGC-1α and mitophagy via a P62-

dependent, PINK1/Parkin-independent mechanism (East et al., 2014; Gureev et al., 2019). Impaired 

mitochondrial function was observed in Nrf2 knockout mice, whereas activation of Nrf2 enhances 

mitochondrial function and resistance to stressors (Greco et al., 2010; Holmstrom et al., 2016; 

Neymotin et al., 2011). Although BID and Nrf2 have not been thoroughly studied, current evidence 

suggests that BID and Nrf2 are effective targets for intervention in ferroptosis and mitochondrial 
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dysfunction. Further studies to determine the neuroprotective effects of BID and Nrf2 may be a 

beacon for future treatment of Ischemia-associated CNS diseases. 

6. Conclusion and Perspectives 

Cerebral ischemia, which includes inadequate blood flow to the brain and thus insufficient 

oxygen delivery (Levchenkova, et al., 2021), may initiate massive pathological processes, eventually 

result in different sorts of neuronal cell death, such as apoptosis, necrosis, and autophagy (G. C. Zhao 

et al., 2017).These processes impede essential sensory, cognitive functions, and motor functions 

(Stradecki-Cohan et al., 2017). Neurodegenerative diseases of CNS such as IS, AD, PD and epilepsy 

are pathological conditions that involve the loss of neuronal function or structure in the brain or 

spinal cord. 

Mitochondria, intracellular organelles that regulate metabolism and produce ATP, undergo 

dysfunction during cerebral ischemia. Ferroptosis is a novel form of cell death, and its associated 

mechanisms, including iron overload, GSH depletion, and GPX4 inactivation, can exacerbate the 

damage caused by age-related ischemia-associated CNS diseases. Relevant research has 

demonstrated that mitochondrial dysfunction and ferroptosis interact with each other in the context 

of ischemia-associated CNS diseases (Abdalkader et al., 2018; Johnson et al., 2021; Saralkar et al., 

2020). During cerebral ischemia, mitochondrial dysfunction leads to impaired mitophagy, resulting 

in the release of high amounts of reactive oxygen species (ROS) by damaged mitochondria and 

abnormal mitochondrial iron metabolism, which contributes to iron overload. These processes are 

closely related to the mechanism of ferroptosis. Ferroptosis is characterized by inspissated membrane 

densities, ruptured outer membrane, diminished or vanished mitochondrial inner membrane, 

mitochondrial oxidative stress, and mitochondrial depolarization. Furthermore, ferroptosis can also 

interfere with mitophagy via the P35 pathway. GSH plays a role in rescuing mitochondria from 

oxidative stress, but its depletion is a key factor in the failure of mitochondrial function recovery 

during ferroptosis. The interplay between mitochondrial dysfunction and ferroptosis often occurs in 

a vicious cycle, causing further injury. Considering the complex pathogenesis of Ischemia-associated 

CNS Diseases and the lack of treatment options, there is an instant need to develop new therapeutic 

approaches including traditional Chinese medicine formulations, to affect multiple targets and 

prevent neuronal death. Therefore, simultaneously pharmacological regulation of mitochondrial 

dysfunction and ferroptosis may be an effective strategy for treating Ischemia-associated CNS 

Diseases. However, several challenges need to be addressed before exploiting this interplay in a 

clinical setting. For instance,  the roles of common targets in mitochondrial dysfunction and 

ferroptosis in the interplay require further investigation. Additionally, the exact mechanisms by 

which certain drugs, especially those from traditional Chinese medicine, modulate mitochondrial 

dysfunction and ferroptosis in Ischemia-associated CNS Diseases, remain to be fully elucidated. 

Addressing these issues will enhance our understanding of the molecular mechanisms underlying 

the interplay between ferroptosis and mitochondrial dysfunction and provide critical insights for 

intervention in Ischemia-associated CNS Diseases. Although there are still many gaps in the study of 

mitochondrial dysfunction and ferroptosis in Ischemia-associated CNS Diseases, it no denying that a 

complete analysis of the underlying mechanism of this interplay may provide new therapeutic 

opportunities for the treatment of Ischemia-associated CNS Diseases. 
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Abbreviations 

AA Arachidonoyl 

ACSL4 Acyl-CoA synthetase long-chain family member 4 

AdA Adrenoyl 

AD Alzheimer’s disease 

ADP Adenosine diphosphate 

AIF Apoptosis-inducing factor 

ALOX15 Arachidonate 15-lipoxygenase 

AMPA Amino-3-hydroxy-5-methyl-4-isoxazole-propionic acid 

ANT Adenine nucleotide translocator 

APP Amyloid β precursor protein 

ATP Adenosine triphosphate 

Aβ Amyloid β 

BACE1 Beta-site amyloid precursor protein cleaving enzyme 1 

BBB Blood-brain barrier 

CNS Central Nervous System 

CAC Citric acid cycle 

CISD1 CDGSH iron sulfur domain 1 

Cp Ceruloplasmin 

CoQ10 Coenzyme Q10 

CypD Cyclophilin D 

DAMPs Damage-associated molecular patterns 

DMT1 Divalent metal transporter 1 

DNA Deoxyribonucleic Acid 

Endo G Endonuclease G 

FPN Ferroportin 

FTH1 Ferritin heavy chain 1 

FTL Ferritin light chain 

FtMt Mitochondrial ferritin 

FXN Frataxin 

GSH Glutathione 

GSSG Oxidized glutathione 

GPX4 Glutathione peroxidase 4 

IRP1 Iron regulatory protein 1 

IS Ischemic stroke 

LA α-Lipoic acid 

LAMP1 Lysosomal-associated membrane protein 1 

LPCAT3 Lysophosphatidylcholine acyltransferase 3 

MDA Malondialdehyde 

MPTP Mitochondrial permeability transition pore 

MSCs Mesenchymal stem cells 

NADPH Nicotinamide adenine dinucleotide phosphate 

NCOA4 Nuclear receptor coactivator 4 

NLRP3 The NOD LRR pyrin domain-containing protein 3 

NO Nitric oxide 

Nrf2 Nuclear factor E2-related factor 2 

PD Parkinson’s disease 

PEs Phosphatidylethanolamines 

PGC-1 Peroxisome proliferator-activated receptor-coactivator 

Pi Inorganic phosphate 

PKC Protein kinase C 

PPARγ Peroxisome proliferator-activated receptor gamma 

PUFAs Polyunsaturated fatty acids 

RCD Regulated cell death 

RET Reverse electron transport 

ROS Reactive oxygen species 

Se Selenium 

SOD Superoxide dismutase 
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Sp1 Specificity protein 1 

SNpc Substantia nigra pars compacta 

TFAP2C Transcription factor activating protein 2 gamma 

tPA Tissue plasminogen activator 

TF Transferrin 

TFR1 Transferrin receptor 1 

TLE Temporal lobe epilepsy 

TSG Tetrahydroxy stilbene glycoside 

VDACs Voltage-dependent anion channels 

2Fe-2S Iron-sulfur protein 

4-HNE 4-hydroxynonenal 

8OHdG 8 hydroxy 2V deoxyguanosine 
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