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Abstract:
Self-cannibalization or autophagy is a normal pathway of cell death but it can be destructive once it gets activated by any pathological agent. Cocaine is one of the most abused drugs in modern society, with overdoses that are frequently lethal.  The cocaine’s cellular toxicity involves a signaling cascade that utilizes the gasotransmitter  nitric oxide, which leads to autophagy, a cellular modification that can cause cell death. Cocaine abuse also leads to neuroinflammation, which, in turn, contributes to the pathogenesis of neurodegeneration. The autophagy generally protective in nature, but it also can be destructive leading to autophagic cell death. In this report we shall discuss about this mechanism and how does it occur.
Methods:
in the first study demonstrated that the cytotoxic actions of cocaine reflect selective enhancement of autophagy, a process that physiologically degrades metabolites and cellular organelles,and that uncontrolled autophagy can also lead to cell death. In brain cultures, cocaine markedly increases levels of LC3-II and depletes p62, both actions characteristic of autophagy. By contrast, cocaine fails to stimulate cell death processes reflecting parthanatos, monitored by cleavage of poly(ADP ribose)polymerase-1 (PARP-1), or necroptosis, assessed by levels of phosphorylated mixed lineage kinase domain-like protein. And Autophagic actions of cocaine are mediated by the nitric oxide-glyceraldehyde-3-phosphate dehydrogenase signaling pathway. While the second study they employed astrocyte, the most abundant cell in the CNS, to define the effects of cocaine on autophagy.
The results showed that cocaine caused an increase in LC3II level in a dose. This result was also confirmed by detecting LC3II in SVGA astrocytes using confocal microscopy and transmission electron microscopy. They also found that cocaine-induced autophagy was
mediated by sigma 1 receptor, and autophagy signaling proteins p-mTOR, Atg5, Atg7 and pBcl-2/Beclin-1 were also involved and this was confirmed by using selective inhibitors and
siRNAs. While the third study explained that Cocaine abuse leads to neuroinflammation, which, in turn, contributes to the pathogenesis of neurodegeneration. They also demonstrated that cocaine exposure induced autophagy in both BV-2 and primary rat microglial cells as demonstrated by a dose and time-dependent induction of autophagy-signature proteins such as BECN1/Beclin 1, ATG5, and MAP1LC3B. and cocaine-mediated induction of autophagy involved activation of 2 ER stress pathways (EIF2AK3-and ERN1-dependent). also  Increased autophagy contributes to cocainemediated activation of microglia, resulted in decreased expression and release of inflammatory factors (TNF, IL1B, IL6, and CCL2) in microglial cells.
Conclusion:
The first study explained how does the Cocaine elicits autophagic cytotoxicity via a nitric
oxide-GAPDH signaling cascade, while the second study explained the mechanism of Cocaine-mediated autophagy in astrocytes involves sigma 1 receptor, PI3K, m-TOR, Atg5/7, Beclin-1 and induces Type II programed cell death. While the third study demonstrated the ‎ Cocaine-mediated microglial activation involves the ER stress-autophagy axis. All of them lead to one result which is by the different site that the cocaine cause its damage it leads to autophagy or self-cannibalization.


Introduction:
Autophagy is a process wherein cells degrade diverse metabolic products. The behavioral effects of cocaine reflect a signaling cascade associated with nitric oxide (NO) and glyceraldehyde-3-phosphate dehydrogenase (GAPDH). Generation of NO is triggered by a variety of stimuli such as glutamate neurotransmission acting via itsN-methyl-D-aspartate (NMDA) subtype receptors. cytotoxic insults nitrosylatedGAPDH in the nucleus activates the
histone acetylating complex p300/CBP which leads to acetylation and activation of p53 with associated enhancement of transcriptional targets, such as PUMA and Bax, that mediate cell death. The signaling cascade in which the NO/GAPDH/Siah1 system accounts for behavioral stimulant effects of low doses of cocaine as well as neurotoxic actions of high dose). The lower doses of cocaine augment CREB genes, whereas higher, neurotoxic,
doses activate the cytotoxic p53 system.(1) Astrocytes also are the most abundant cell type in the brain. Astrocytes are present throughout  the central nervous system, and they play supportive role for neurons. They provide structural and metabolic support to the neurons, and are involved in blood brain barrier maintenance, immune/inflammatory response modulation, and are known to play an important role in neurotransmission. Autophagy is a process in eukaryotic cells that is characterized by the sequestration of cytoplasmic organelles within an autophagosome and degradation by lysosomal enzymes. Under stress conditions such as nutrient depletion and oxidative stress, autophagy is activated to protect the cells from dying. Autophagy is negatively regulated by mammalian target of rapamycin (mTOR). mTOR is deactivated under stress condition, leading to activation of downstream cascade of autophagy-related signaling proteins such as Atg1, Beclin-1, Atg5, and Atg7 [22]. Autophagy process is strongly inhibited by Bcl-2, and the interaction between Bcl-2 and Beclin-1 plays an important role in the regulation of autophagy process. in contrast with its protective role, excessive autophagy could cause cell death, which is known as “autophagic cell death” or “type II programmed cell death”.(2) Microglia, the resident macrophages of the central nervous system and estimated to comprise 10% to 15% of all the brain cells, are one of the main targets of these abused drugs.  Among the cocaine-mediated secretory cytokines, upregulation of inflammatory factors such as IL1B, IL6, and .(3) 
discussion: 
in the first study showed that Cocaine-elicited cell death fulfills these criteria. Thus, cocaine elicits autophagy as evaluated by several indices: induction of LC3-II, degradation of p62, ultrastructural analysis by TEM, and confocal monitoring of LC3 punctae .also Cocaine induces autophagy in cortical cultures at concentrations as low as 1μM. The highest reported cocaine serum concentration in a living person is 120μM. Cocaine concentrations in the brain are generally higher than those in the blood. In human toxicity cases, average brain-to-blood cocaine concentrations ratio is 9.6-fold. cocaine’s impact upon autophagy involves the NO/GAPDH signaling cascade. the effects of stimulant and neurotoxic  doses of cocaine on NO/GAPDH signaling are blocked by dopamine D1 receptor inhibition. In the current work, cocaine induces NO/GAPDH signaling in primary cortical cultures which lack the dopaminergic system.(1) This study revealed for the first time that
cocaine exposure induces autophagy in SVGA astrocytes through sigma 1 receptor and
mTOR, and PI3KIII/Beclin-1 pathways are involved in cocaine-mediated autophagic
process. This study also demonstrated that cocaine-mediated cell death in SVGA astrocytes
involves autophagy, and the cell death was partially reversed by inhibiting autophagy. chronic exposure to cocaine leads to excessive autophagy, which may damage the cellular
components leading to cell death. The concentration of cocaine for use in this study was determined based on input from earlier studies. Earlier reports have indicated mean plasma cocaine concentration of0.26±0.5 μM from a group of 111 cocaine users even though it could be as high as 120 μM. Cocaine blocks dopamine transporter resulting in dopamine increase in the synapse .In addition, cocaine binds to sigma 1 receptor, which is highly expressed in the brain. The modulation of sigma 1 receptor has been found to be associated with cytoprotective effects in astrocytes. study that utilized sigma 1 receptor inhibitor BD1047 and siRNA showed that sigma 1 receptor is involved in cocaine-induced autophagy, and blocking sigma 1 receptor significantly inhibited autophagy Sigma receptors have earlier been shown to be involved in the stimulant actions and toxicity of cocaine. The inhibition of sigma 1 receptor attenuated the convulsive and locomotor stimulatory effect of cocaine in mice. During autophagy, LC3I (cytosolic form of protein LC3) is converted to LC3II, which is expressed on the membranes of autophagosomes. Among different isoforms of LC3, LC3II
is the one that correlates with increase in autophagy activity level. the level of cocaine-induced LC3II is further increased by bafilomycin A1. This result further strengthens our hypothesis that cocaine induces autophagic activity in astrocytes. Several signaling pathways are involved in the induction of autophagy. The expression level
of Beclin-1 is a critical inducer of autophagy. Bcl-2 and Beclin-1 are key determinants in the
regulation of apoptosis-autophagy switch. The definition of autophagic cell death is mainly morphologic, such as cell death associated with formation of autophagosomes. There is no study that provides specific mechanism for autophagic cell death. Many recent reports suggest that autophagyassociated cell death, or type II programmed cell death, can occur in variety of cell types.(2)
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