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Introduction 

• Cell death : is the event of biological ceasing to carry out its 
functions. This may be the result of the nature process of old 
cell dying and being replaced by new ones ,as in programmed 
cell death ,or may result from factors such as diseases, 
localized injury ,or the death of the organism .
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Differences between apoptosis , necrosis and 
ferroptosis 

Apoptosis Necrosis 

Apoptosis is the programmed cell death Necrosis is the premature cell death 

A naturally occurring physiological 
process 

A pathological process caused by external 
agents like toxins 

Occurs through shrinking of cytoplasm 
followed by the condensation of the 
nucleus 

Occurs through swelling of cytoplasm 
along with mitochondria followed by cell 
lysis 

It is a caspace dependent pathway It is a caspace independent pathway

Ferroptosis

Iron dependent

Features of necrosis 

It is a caspase-independent pathway 



• The term ferroptosis was 
coined in 2012 by Brent 
Stockwell and Scott Dixon

Brent Stockwell

• Ferroptosis is a recently discovered ,its a form of 
programmed cell death distinct form apoptosis, 
necrosis and autophagy.

• Greek "Ferro"means iron and "ptosis"denotes
falling.

• It is characterized by the accumulation of iron and 
inducing Reactive oxygen species (ROS) in turn it 
induce lipid peroxidation. 



Mechanism of  ferroptosis



• Uncleared lipid hydroperoxides triggers the formation of lipid 
reactive oxygen species (ROS) that induces ferroptosis. Ferroptosis 
can therefore result from decreased levels of GSH or from reduced 
activity or the inhibition of system Xc− or GPX4. 

• Also necessary  for the induction of ferroptosis is disruption in iron 
homeostasis. Ferric iron (Fe3+), imported through the transferrin 
receptor following binding with transferrin, is reduced to ferrous 
iron (Fe2+). Accumulation of Fe2+ not only produces lipid ROS 
through the Fenton reaction but also can catalyze lipid peroxidation 
by combining with cytosolic LOXs, which then leads to the 
production of lipid ROS and ferroptosis.

• System Xc− imports cystine, which is reduced to cysteine within the 
cell, and used in biosynthesis of glutathione (GSH), a necessary 
substrate of glutathione peroxidase (GPX4). 

• Toxic lipid hydroperoxides, derived from membrane lipids through 
the action of lipoxygenases (LOXs), are converted by GPX4 to their 
corresponding nontoxic alcohols, thus protecting the cell. 



Santoro, Cell Metabolism, 2020

Protection from ferroptosis: The FSP1/CoQ10 branches



Santoro, 

The FSP1/CoQ10 branch



Mitochondrial vs non-mitochondrial CoQ10 pools

Mito-CoQ10 (energy) Golgi-CoQ10 (AOX)
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CoQ10 and its function
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Signaling and metabolic pathways in ferroptosis



Lipid Peroxidation Process and Toxicity

Fe2+ + ROS= Fe3+ + O2
- or OH-



Mechanism of Ferroptosis Induction 



Overview of Ferroptosis Modulation 



Role of ferroptosis in Diseases  

• Neurodegenerative diseases :Neurodegenerative 
diseases, such as  Alzheimer's disease and 
Parkinson's disease, are known to be associated with 
dysregulation of iron homeostasis and excessive ROS 
in the brain.

• Alzheimer's disease : It is one of the most common 
cause of dementia in aging individuals. It is 
characterized by progressive memory impairment 
and cognitive dysfunction 



• Parkinson's disease : Parkinson's disease is the 
second most common neurodegenerative disease 
and it is characterized by the loss of dopaminergic 
neurons in the substantia nigra a eosinophilic
inclusion bodies. 

• Other diseases: Excessive accumulation of iron 
ions causes lipid peroxidation and tissue 
damage, leading to atherosclerosis and diabetes 



Metastasis 

Cancer and ferroptosis  



Role of ferroptosis in tumour immunity



Role of ferroptosis in melanoma spreading and metastasis



Inhibitors of ferroptosis

• Ferrostatin-1: Fer-1 inhibits erastin and RSL-3 induced ferroptosis in HT1080 
cells, which specially inhibits lipid peroxidation. SRS11-92 & SRS 16-186 
ferrostatins show significant   enhancement cellular metabolism and damage 
prevention.

• Liproxstatin -1: Lip-1 can inhibits ferroptosis at low nano molar dose, but it does 
not interfere with other typical cell death patterns. Similarly, BHT, N-
acetylcystein antioxidants, alpha-tocopherol etc, can block ferroptosis by 
inhibiting the lipid peroxidation pathway. 

• Ferroptosis can also be inhibited by iron chelator such as Deferoxamine (DFO) 
Since they prevent the inhibition of lipid peroxidation by inhibiting iron fenton
reaction.



Inhibitors of ferroptosis 

















Take home message

• Ferroptosis is a recently discovered form of 
programmed cell death distinct form apoptosis, 
necrosis and autophagy.

• It has a GPX4 and FSP1 mechanisms of inhibition

• Excessive accumulation of iron ion causes lipid 
peroxidation and tissue damage leading to  
atherosclerosis and neurodegenerative diseases.

• Deferoxamine and ferrosatin-1 inhibits ferroptosis
which does not allow to produce lipid peroxidation   
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