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ABSTRACT

This article reviews the physiology of programmed cell death (PCD); commonly
known as cell suicide. The 3 main processes of PCD; apoptosis, necroptosis and
pyroptosis are described, including external and internal signalling precipitating cell
death. These are then compared with behavioural phenotypes of planned suicide,
associated with toxic relationships, ‘anomie’ (disconnection from the contemporary
social network), ‘learned helplessness’ (the main model for depression), social media
reporting of suicides and political indoctrination leading to suicide bombings. Ethical
arguments for and against active medical assistance in completing suicide by people
with progressive neuropsychiatric disorders (such as dementias) and those with long
standing severe mental illness (such as anorexia and personality disorder) are discussed.
Emerging therapeutic prospects of ‘stalling’ PCD and using inflamatory interleukin
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patterns to predict overwhelming PCD and dramatic suicides are highlighted.

LEARNING OBJECTIVES

* Understanding the physiology and classification of
Programmed Cell Death (PCD), including the potential
to generate systemic inflammation.

e Comprehending models describing behavioural
phonotypy of suicide, including learnt helplessness and
characteristics of anomie

* Beaware of emerging therapeutic prospects of ‘stalling’
PCD in order to protect neuronal cells in early dementia
utilising MEG 3 blockade, and in long term protection
from suicide utilising Lithium.

* Beaware of patterns of inflammatory interleukins (High
IL6 and /L /-, low IL2) which could be biomarkers for
dramatic (violent) completed suicide and predicting the
likelihood of overwhelming cytokine storms secondary
to pyroptosis

PROGRAMMED CELL DEATH

Programmed Cell Death (PCD) involves processes
multicellular organisms use to destroy individual cells
deemed irreversibly damaged or senescent [1], divided in to
intrinsic and extrinsic processes. The 3 main processes are

Apoptosis, Pyroptosis and Necroptosis. Apoptosis (intrinsic
PCD) is initiated by the individual cell utilising a cascade
of proteolytic enzymes collectively termed Caspases [2] to
disassemble intracellular contents. Pyroptosis and Necroptosis
(extrinsic PCD) involves the innate immune system utilising
natural killer T cells to perforate cell membrane and expose
cell contents [3], so that macrophages can ingest intracellular
organelles to extract usable amino acids. Compared to
Intrinsic PCD, the extrinsic alternative generates significant
inflammatory reactions, in order to alert the innate immune
system of potential damage to surrounding tissue.

In embryonic development, Apoptosis is used to clear webs
between digits and to remove T and B cells which have the
potential to attack healthy tissue, risking autoimmune disease
[4]. During apoptosis, interferon gamma (IF ) is expressed
by the dying cell to warn surrounding cells of imminent self-
destruction. Furthermore, cell membranes incorporate ‘death
receptors’ such as Fas/FasL [5] which commence apoptosis
when ‘death ligands’, for example Tumour Necrosis Factor
alpha (TNFa), lock onto them.

PCD processes are also divided into lytic and non-lytic
processes [6]. Lytic processes (pyroptosis and necroptosis
predominantly) occur when the cell is damaged by anoxia [7].
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They include pyroptosis and necroptosis, when cell contents
are exposed to surrounding interstitial fluid stimulating an
inflammatory cascade to prime a vigorous immune response.
Pyroptosis is the more rapid (and toxic) process, as it releases
large quantities of cytokines into the systemic circulation
mediated by cellular inflamazones. The recent SARSCov2
infection had the potential to cause widespread cell pyroptosis
of macrophages, platelets and respiratory endothelium
with the resulting cytokine storm causing acute respiratory
distress [8]. Pathophysiology of Necroptosis [9] also results
in an inflammatory reaction (for example following neurone,
muscle or gut endothelial cell death), albeit following a slower
trajectory, leading to for example chronic inflammatory bowel
and neurodegenerative disease.

Non-lytic processes are commenced by the cell, usually
secondary to senescence or oxidative stress (the accumulation
of Reactive Oxygen Species or ROS) leading to mitochondrial
failure in producing energy [ 10]. This mainly involves apoptosis,
where the cell undergoes a graduated process of self-destruction
within intact cell membranes with partially disassembled
contents retained in multiple apoptotic bodies before being
discarded without an inflammatory reaction [11]. Of late, there
has been rapid advances in using in-vitro modulation of Natural
Killer Cells with a tumour specific antigen, which detects lack
of ‘normal’ surface antigens in cancer cells, can provide non-
lytic effects without the toxic cytokine storm which typically
accompanies current anti-tumour therapies [12]. Alternative
tumour reducing approaches include inhibiting blood vessel
formation (angiogenesis) in existing and growing tumours,
leading to non-Lytic programmed cell death [13].

The alternative to cell death is autophagy, which involves
the replacement of unproductive cellular organelles such as
ribosomes and mitochondria within intact cellular membranes
[14]. The organelles are broken down to amino acids to form
new organelles. The commonest precipitants of autophagy
are physical exertion and fasting influencing muscle, bone,
endothelial and neuronal cellular regeneration [15,16]. However,
in some circumstances, persistent or recurrent autophagy can
lead to apoptosis for example, when organelle regeneration is
inadequate [17]. One of the problems of current anticancer drugs
is the secondary build-up of ROS; there are pharmacological
agents being designed to reverse this, potentially resulting
in less cardiovascular and neurodegenerative side-effects of
oncological treatments [18-20].

There are cellular mechanisms for ‘stalling’ apoptosis,
utilising intracellular Beclin 2 (Bcl-2) proteins interacting
with the autophagy essential factor Bcl-1 [21]. Similarly,
modulating intracellular calcium concentrations can avoid
apoptosis and autophagy [22]. Necroptosis of neurones in
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Alzheimer’s disease could be reduced using pharmacological
or epigenetic inhibition of neuron specific maternally expressed
gene 3 (MEG3) based on recent in-vitro research [23].
Lithium salts appear to assist autophagy by inhibiting inositol
monophosphatase [24] and is considered to be neuroprotective
through epigenetic alteration of apoptotic-regulatory protein
production [25].

DEATH BY SUICIDE

Anomie was a societal condition originally described by
Emile Durkheim [26], involving progressive disassociation
of an individual from the usual societal norms, alongside
breakdown on familial and social networks. Anomie is best
described as a presumed environmental (extrinsic) driver of
suicide. Other extrinsic precipitants of suicide include persistent
bullying and toxic comments generated via social media [27],
sometimes including active suggestions to end one’s life. On
occasion, clusters of suicide occur following death a celebrity,
especially when the method of suicide is revealed in the media.
Common features leading to anomie include living in high-
rise buildings, single occupancy (especially involving middle
aged men) and frequent changes in accommodation [28] with
associations with both recurrent self-harm and completed
suicide [29,30].

Intrinsic suicide is best associated via the concept of ‘learned
helplessness’ advanced by Seligman [31], utilising rodent
studies. When electric shocks are delivered to one site, a rodent
will jump to another site. However, if unpredictable shocks are
delivered to any of the sites, the rodent will cower in one area,
despite change in the shock delivery to the previous specific
site. This behaviour is seen as being equivalent to development
of major depression, which has significant association with
completed suicide [32]. Learnt helplessness could also result
from inescapable exposure to toxic relationships and to
previous experience of childhood trauma [33], unpredictable
auditory hallucinations in psychosis, out of control compulsive
behaviours (including addiction to alcohol), and intrusive
flashbacks associated with post-traumatic stress disorder [34].

Although most suicides take place in private, another
variant involves public suicides to gain attention to political
issues; for example, suicide bombings or self-immolation
[35]. In some instances, incapacitious adults or children are
manipulated by influential others to carry out these acts. Perhaps
those persuaded to commit suicide (like those influenced by
social media) are already in a situation of anomie, with no
social network to moderate their beliefs or impulses. Public
suicides could be seen as akin to pyroptosis, causing trauma to
onlookers, potentially a trigger to post traumatic stress disorder
(PTSD) or death by suicide in due course [36]. The equivalent
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of necroptosis could be death caused by refusal to eat and
drink, as occurs with people suffering terminal malignancy,
severe depression or anorexia nervosa.

Similar to a cell signalling of its imminent self-destruction
utilising IF 8, humans signal their intentions of suicide to
others around them, for example through verbal comments,
texts on social media, or rehearsing potential actions at a site
where scrutiny by others is likely. Some facing progressive
neurological disease or senility will plan suicide and / or seek
help from medical professionals.

There are units performing euthanasia on request in
Switzerland, Belgium, Holland and most recently in Canada as
part of the Medical Assistance in Dying (MAID) programme.
[37]. This includes clinicians actively asking patients if they
wish to seek help in committing suicide. In one Canadian
state (Quebec) secondary legislation is being considered to
accommodate MAID for people suffering from psychiatric
conditions such as personality disorder or PTSD. However,
in most countries offering voluntary euthanasia, medical
assistance in dying is an alternative to palliation of untreatable
medical disease, with psychiatric patients deemed to lack
capacity [38].

DISCUSSION

On comparing processes involved in PCD and suicide,
there appears to be some broad similarities, for example,
on intrinsic and extrinsic precipitants. Apoptosis could be
compared to ‘quiet’ intrinsic suicides including those which
are medically assisted. Necroptosis seems similar to a person
starving themselves to death. Pyroptosis is akin to public
suicides including those of suicide bombers. In terms of
precipitants, similar to cells being exposed to toxins or viruses
leading to PCD, suicide can be precipitated by exposure to toxic
relationships, negative comments on social media or a cluster
of successful suicide utilising a specific method as reported
in social media. There is evidence of a pattern of cytokines
(High IL6 and /L/-B, low IL2) appearing to be a harbinger
of completed suicide, especially involving dramatic methods;
potentially a biomarker to predict suicide risk [39]; similar to
IL6 and other inflammatory cytokines being biomarkers for
potential necroptosis and pyroptosis.

Similar to vulnerable cells (for example due to progressive
accumulation of ROS or nutritional deficiencies), people can be
made vulnerable by multiple negative life events and childhood
trauma. It is estimated that over 60% of suicide victims have
experienced childhood trauma [33]. Intrinsic intracellular
processes involving a cascade of various caspases could be
compared to negative thinking development in suicidality;
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moving from ideas that death is preferable, progressing to
wishes of suicide, thereafter, consideration of specific plans.

Furthermore, similar to ‘stalling’ of apoptosis by
modulating intracellular Calcium homeostasis, inhibition
of Bcl and MEG3, temporary restrictions can be imposed
on suicidal actions by utilising Socratic why, what & how
questioning [40], admission for observation, restricting access
to materials usable for suicide or using Ketamine infusions
[41]. Longer term prevention of suicidal behaviour via changes
of core beliefs can be accomplished by cognitive behaviour
therapy [42]. Creating a social network via social media [43]. is
perhaps similar to the anti-apoptotic, pro-autophagic effect of
exercise and intermittent fasting. Lithium also has the potential
to stall suicidal behaviour amongst mood disordered patients
[44], perhaps linked with its potential to epigenetically modify
the Brain Derived Neurotropic Factor (BDNF) promotor gene

conferring neuroprotection [25].

Comparison of the purposes and consequences of apoptosis
and suicide however does not indicate similarities. Apoptosis
appears to be beneficial to surrounding tissues via improved
innate immune responsiveness, better nutrition and oxygen
supply [45]. Human suicide does not necessarily result in
improved resources to others around them, especially if the
death is of a family breadwinner. The trauma of witnessing
the attempt or discovering a body can lead to chronic PTSD
or suicide [36].

However, in the context of poorly funded health services,
it might be tempting to consider if it is economically more
realistic to offer physician assisted suicide where costs
of maintaining life in ‘terminal’ medical conditions or
‘unmanageable’ psychiatric conditions become increasingly
prohibitive in terms of staff resources and finances [46]. This
type of reasoning, unfortunately, is reminiscent of eugenic
thinking during the 1930’s in Weimar Germany [47] where
people with learning disability and chronic psychosis were
put to death using Potassium Chloride infusions. This was
prior to the Nazi government coming to power. The Nazi’s
made this programme more efficient as the T2 project. The
Nazi’s described eradicating ‘cancerous’ populations, using
gas chambers to eliminate specific racial groups (Jews and
Romany’s in particular) from society, resulting in the deaths of
many millions of people.

Clearly the Weimar and Nazi projects did not involve
assessment of capacity unlike current physician assisted suicide
protocols [38]. However, allowing a physician to ask patients if
they are interested in medically assisted suicide can be viewed
as perceived coercion, especially if family members also favour
this suggestion. Consequently, concern has been raised about
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Quebec offering physician assisted suicide for people with
psychiatric illnesses, dementia and other neurodegenerative
conditions [48]. The debate on assisted suicide has also led
to rethinking the clinical goal of ‘zero suicide’ on grounds of
beneficence, non-maleficence, patient autonomy and social
justice with a greater emphasis primary prevention, by focussing
on tackling deprivation and social isolation [49-52].

CONCLUSIONS

Awareness of pathways and processes leading to PCD
and death by suicide can lead to an improved understanding
of suicidal behaviours and on pathophysiology of neuronal
death in dementias. Patterns of inflamatory interleukins (High
IL6 and /LI-B, low IL2) could be biomarkers for completed
dramatic suicide and for overwhelming Cytokine storms
following pyroptosis, as was seen among a minority of people
with SARSCov-2. However, current interest in PCD of the
non-lytic form (avoiding cytokine storms in cancer treatments)
involves immunotherapy using in-vitro engineered Natural
Killer cells, techniques which can be extended to other non-
oncological conditions.

The recent finding of MEG3 blockade protecting neurones
from necroptosis despite the presence of oligomers could be
a breakthrough in dementia treatment. Lithium appears to
be beneficial in reducing both PCD and suicidality, possibly
utilising shared processes leading to neuroprotection. Targeted
suicide prevention can also be a beneficiary; for example, in the
use of social media to combat isolation, homelessness and debt,
whilst restricting toxic posts via legislation. From a psychiatric
service viewpoint, the swing away from zero suicide as an
objective is (probably) beneficial, although ethical and legal
issues relating to medically assisted suicide, especially regards
coercion, needs continued vigilance.

REFERENCES

1. Ketelut-Carneiro N, Fitzgerald KA (2022) Apoptosis, pyroptosis
and necroptosis; O my, the many ways a cell can die. J.Mol.Biol;
Vol 434(4): 167378

2. Nhan TQ, Liles WC, Schwartz SM (2006) Physiological functions
of caspases beyond cell death. Am J Pathol. Vol169(3):729-37.
doi: 10.2353/ajpath.2006.060105. PMID: 16936249; PMCID:
PMC1698830.

3. Agashe P, Kuzminov A (2021) Catalase inhibition by nitric oxide
potentiates hydrogen peroxide to trigger catastrophic chromosome
fragmentation in Escherichia coli, Genetics; Vol 218 (2)
iyab057, https://doi.org/10.109rsmeyer, S.J., 3/genetics/iyab057

4. Opferman JT, Korsmyer SJ (2003) Apoptosis in the development
and maintenance of the immune system. Nat. Immunol: Vol 4(5):
410 —-415

10.

11.

12.

13.

14.

15.

16.

17.

Appl Cell Biol, 12(1), 2024 [12-17]

Walczak H (2013) Death receptor—ligand systems in cancer, cell
death and inflammation. Cold Spring Harbour Perspectives in
Biology; Vol 5(5): a008698. doi: 10.1101/cshperspect.a008698

Bedient L, Pokharel SM, Chiok KR et. al. (2020) Lytic Cell Death
Mechanisms in Human Respiratory Syncytial Virus-Infected
Macrophages: Roles of Pyroptosis and Necroptosis. Viruses; Vol
12(9):932. doi: 10.3390/v12090932.

Lenihan CR, Taylor CT (2013) The impact of hypoxia on cell
death pathways. Biochem. Soc. Trans; Vol 41(2): 657-663.
doi: https://doi.org/10.1042/BST20120345

Bader SM, Cooney JP, Pellegrini M (2022) Programmed cell
death: the pathways to severe COVID-19? Biochem. Jour; Vol
479 (5): 609-628. doi: https://doi.org/10.1042/BCJ20210602

Yu, P, Zhang, X., Liu, N. et al. (2021) Pyroptosis: mechanisms
and diseases. Sig. Transduct. Target Ther; Vol 6. https://doi.
org/10.1038/s41392-021-00507-5

Nguyen TT, Wei S, Nguyen TH, et al. (2023) Mitochondria-
associated programmed cell death as a therapeutic target for age-
related disease. Exp. Mol. Med; Vol 55: 1595-1619. https://doi.
org/10.1038/s12276-023-01046-5

Bedoui S, Herold MJ, Strasser A (2020) Emerging connectivity
of programmed cell death pathways and its physiological
implications. Nat. Rev. Mol. Cell Biol; Vol 21: 678-695 https://
doi.org/10.1038/541580-020-0270-8

Dagher OK, Posey AD (2023) Forks in the road for CAR T and
CAR NK cell cancer therapies. Nat Immunol 24, 1994-2007.
https://doi.org/10.1038/s41590-023-01659-y

Mohammed YHI, Shamkh IM, Alharthi NS, et.al. (2023) Discovery
of 1-(5-bromopyrazin-2-yl)-1-[3-(trifluoromethyl)benzyl] Urea
as a promising anticancer drug via synthesis, characterization,
biological screening, and computational studies. Sci Rep 13:
22824. https://doi.org/10.1038/s41598-023-44662-x

Cao W, Li J, Yang K. et.al. (2020) An overview of autophagy:
Mechanism, regulation and research progress. Bulletin du
Cancer; Vol 108(3): 304-322. https://doi.org/10.1016/].
bulcan.2020.11.004.

Wu NN, Tian H, Chen P, Wang D, Ren J, Zhang Y (2019)
Physical Exercise and Selective Autophagy: Benefit and Risk
on Cardiovascular Health. Cells; Vol 8(11):1436. https://doi.
org/10.3390/cells8111436

Erlangga Z, Ghashang SK, Hamdan I, et.al. (2023) The effect of
prolonged intermittent fasting on autophagy, inflammasome and
senescence genes expressions: An exploratory study in healthy
young males. Human Nutrition & Metabolism; Vol 32: 200189.
https://doi.org/10.1016/j.hnm.2023.200189.

Jung S, Jeong H, Yu SW (2020) Autophagy as a decisive process
for cell death. Exp. Mol. Med; Vol 52: 921-930 https://doi.
org/10.1038/512276-020-0455-4



https://doi.org/10.109rsmeyer, S.J., 3/genetics/iyab057
https://doi.org/10.1101%2Fcshperspect.a008698
https://doi.org/10.1042/BST20120345
https://doi.org/10.1042/BCJ20210602
https://doi.org/10.1038/s41392-021-00507-5
https://doi.org/10.1038/s41392-021-00507-5
https://doi.org/10.1038/s12276-023-01046-5
https://doi.org/10.1038/s12276-023-01046-5
https://doi.org/10.1038/s41580-020-0270-8
https://doi.org/10.1038/s41580-020-0270-8
https://doi.org/10.1016/j.bulcan.2020.11.004
https://doi.org/10.1016/j.bulcan.2020.11.004
https://doi.org/10.3390/cells8111436
https://doi.org/10.3390/cells8111436
https://doi.org/10.1016/j.hnm.2023.200189
https://doi.org/10.1038/s12276-020-0455-4
https://doi.org/10.1038/s12276-020-0455-4

Appl Cell Biol, 12(1), 2024 [12-17]

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Forman HJ, Zhang H (2021) Targeting oxidative stress in disease:
promise and limitations of antioxidant therapy. Nat.Rev.Drug.Discov;
Vol 20: 689-709. https://doi.org/10.1038/s41573-021-00233-1

Rabie AM, Atif S, Tantawy AS (2018) Design, Synthesis, and
Biological Evaluation of New 5-Substituted-1,3,4-thiadiazole-
2-thiols as Potent Antioxidants; Researcher; 10(7), 21-43; DOI:
https://doi.org/10.7537/marsrsj100718.04.

Rabie AM, Tantawy AS, Badr SMI (2016) Design, Synthesis,
and Biological Evaluation of Novel 5-Substituted-2-(3,4,5-
trihydroxyphenyl)-1,3,4-oxadiazoles as Potent Antioxidants;
American Journal of Organic Chemistry; 6(2), 54-80; DOI:
https://doi.org/10.5923/j.ajoc.20160602.02.

Marquez RT, Xu L (2012) Bcl-2:Beclin 1 complex: multiple,
mechanisms regulating autophagy/apoptosis toggle switch. Am J
Cancer Res;2(2):214-21. Epub 2012 Feb 15. PMID: 22485198;
PMCID: PMC3304572.

Sukumaran P, Nascimento Da Conceicao V, Sun Y. et.al. (2021)
Calcium signalling regulates autophagy and apoptosis. Cells; Vol
10(8): 2125. https://doi.org/10.3390/cells10082125

Balusu S, Horre K, Thrupp N. et.al. (2023) MEG3 activates
necroptosis in human neuron xenografts modelling Alzheimer’s
Vol 381: 1176-1182.DOI:10.1126/science.

disease. Science;

abp9556

Sarkar SR, Floto A, Berger Z. et.al. (2005) Lithium induces
autophagy by inhibiting inositol monophosphatase. J Cell Biol; Vol
170 (7): 1101-1111. doi: https://doi.org/10.1083/jcb.200504035

Dwivedi T, Zhang H (2015) Lithium-induced neuroprotection is
associated with epigenetic modification of specific BDNF gene
promoter and altered expression of apoptotic-regulatory proteins.
Front. Neurosci. Sec. Neuropharmacology; Vol 8 https://doi.
org/10.3389/thins.2014.00457

Durkheim E (1966) Suicide: a study in sociology. The Free Press,
New York

Memon AM, Sharma SG, Mohite SS. et.al. (2018) The role of
online social networking on deliberate self-harm and suicidality
in adolescents: A systematized review of literature. Indian Journal
of Psychiatry; Vol 60(4): 384-392, DOI: 10.4103/psychiatry.
IndianJPsychiatry 414 17

Naher A, Rummel-Kluge C, Hegerl U (2020) Associations of
suicide rates with socioeconomic status and social isolation;
Findings from a longitudinal register and census data. Front.
Psychiatry; Vol 10 https://doi.org/10.3389/fpsyt.2019.00898

Muller AS, Abrutyn S, Pescosolido B, Diefendorf S (2021) The
social roots of suicide: Theorising how the external social world
matters to suicide and suicide prevention. Front. Psychol; Vol 12:
621569. doi: 10.3389/fpsyg.2021.621569 PMCID: PMC8044307

Hodwitz O, Frey K (2016) Anomic suicide: A Durkheimian
analysis of european homelessness. Sociological Spectrum; Vol
36(4): 236-254

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

16

L —D

Commentary

Overmier JB, Seligman ME (1967) Effects of inescapable shock
upon subsequent escape and avoidance responding. Journal of

Comparative and Physiological Psychology; 63:28-33. http://
dx.doi.org/10.1037/h0024166.

Cai H, Xie X, Zhang Q (2021) Prevalence of suicidality in major
depressive disorder: as systematic review and meta-analysis of
comparative studies. Psychiatry; Vol 12. https://doi.org/10.3389/
fpsyt.2021.690130

Dube SR, Anda RF, Felitti VJ. et.al. (2001) Childhood Abuse,
Household Dysfunction, and the Risk of Attempted Suicide
Throughout the Life Span: Findings from the adverse childhood
experiences study. JAMA;286(24):3089-3096. doi:10.1001/
jama.286.24.3089

Fox V, Dalman C, Dal H. et.al. (2021) Suicide risk in people
with post-traumatic stress disorder: A cohort study of 3.1 million
people in Sweden. Journal of Affective Disorders; Vol 279: 609-
616. https://doi.org/10.1016/j.jad.2020.10.009.

Sheehan IS (2014) Are suicide terrorists suicidal? A critical
assessment of the evidence. Innov. Clin Neurosci; Vol 11(9): 81-
92. PMID: 25520891; PMCID: PMC4267802.

Swanson SA, Colman I (2013) Association between exposure to
suicide and suicidality outcomes in youth CMAJ; Vol185 (10):
870-877; DOI: 10.1503/cmaj.121377

Shaw J, Wiebe E, Nuhn A. et.al. Providing medical assistance
in dying: Practice perspectives. Can Fam Physician. 2018 Vol
64(9):€394-¢399. PMID: 30209113; PMCID: PMC6135115.

Doernberg SN, Peteet JR, Kim SYH. et.al (2016) Capacity
Evaluations of Psychiatric Patients Requesting Assisted Death in
the Netherlands. Psychosomatics; Vol 57 (6): 556 -565 https://doi.
org/10.1016/j.psym.2016.06.005.

Gonda X, Serafini G, Dome P (2023) Fight the Fire: Association
of cytokine genomic markers and suicidal behaviour may pave
the way for future therapies. Journal of Personalised Medicine;
13(7):1078. https://doi.org/10.3390/jpm13071078

Matthews JD (2013) Cognitive Behavioral Therapy Approach
for Suicidal Thinking and Behaviours in Depression. Mental
Disorders - Theoretical and Empirical Perspectives. Ed. Woolfolk
and Allen; Intech. DOI: 10.5772/52418.

Abbar M, Dematti C, El-Hage W. et.al. (2022) Ketamine for
the acute treatment of severe suicidal ideation: double blind,
randomised placebo-controlled trial. BMJ; Vol 376 DOI://doi.
org/10.1136/bmj-2021-067194 (Pub. 2/2/22)

Wu H, Lu L, Qian Y. et al. (2022) The significance of cognitive-
Behavioral Therapy on suicide: An umbrella review, Journal of
Affective Disorders; Vol 317: 142-148. https://doi.org/10.1016/].
jad.2022.08.067.

Robinson J, Cox G, Bailey E. et.al. (2016) Social media and
suicide prevention: a systematic review. Early Interv Psychiatry;
Vol 10(2):103-21. doi: 10.1111/eip.12229.



https://doi.org/10.3390/cells10082125
https://doi.org/10.1126/science.abp9556
https://doi.org/10.1126/science.abp9556
https://doi.org/10.1083/jcb.200504035
https://doi.org/10.3389/fnins.2014.00457
https://doi.org/10.3389/fnins.2014.00457
https://doi.org/10.3389/fpsyt.2019.00898
https://doi.org/10.3389%2Ffpsyg.2021.621569
http://dx.doi.org/10.1037/h0024166
http://dx.doi.org/10.1037/h0024166
https://doi.org/10.3389/fpsyt.2021.690130
https://doi.org/10.3389/fpsyt.2021.690130
https://doi.org/10.1016/j.jad.2020.10.009
https://doi.org/10.1016/j.psym.2016.06.005
https://doi.org/10.1016/j.psym.2016.06.005

Appl Cell Biol, 12(1), 2024 [12-17]

44,

45.

46.

47.

48.

Cipriani A, Hawton K, Stockton S. et.al. (2013) Lithium in the
prevention of suicide in mood disorders: updated systematic
review and meta-analysis. BM.J; Vol 346:36—46.

Argiielles S, Guerrero-Castilla A, Cano M. et.al. (2019) Advantages
and disadvantages of apoptosis in the aging process. Ann. N.Y.
Acad. Sci; Vol 1443: 20-33. https://doi.org/10.1111/nyas.14020

Emanuel EJ, Battin MP (1998) What are potential cost savings
from legalising physician assisted suicide? N.Engl.J.Med; Vol
339:167-172. DOI: 10.1056/NEJM199807163390306

Brody H, Cooper MW (2014) Binding and Hoche’s “Life Unworthy
of Life”: A Historical and Ethical Analysis. Perspect Biol Med; Vol
57(4): 500-11. doi: 10.1353/pbm.2014.0042. PMID: 26497237

Nicolini M, Kim S, Churchill M et.al. (2020) Should euthanasia
and assisted suicide for psychiatric disorders be permitted? A
systematic review of reasons. Psychological Medicine; Vol 50(8):
1241-1256. DOI:10.1017/S0033291720001543

49.

50.

51,

52.

17

——_>

Commentary

Sjostrand M, Eyal N (2023) The phantasm of zero suicide. The
British Journal of Psychiatry; Vol 222(6): 230-233. DOI:10.1192/
bjp.2023.3

Bedussi B, Van Lier MGJTB, Bartstra JW, et al. (2015) Clearance
from the mouse brain by convection of interstitial fluid towards
the ventricular system. Fluid Barriers CNS; Vol 12: 23. https:/
doi.org/10.1186/s12987-015-0019-5

Rakshit S, Bhagawat S (2014) Chandrasekar, B.S. et al. Interferon-
gamma induced cell death: Regulation and contributions of nitric
oxide, cJun N-terminal kinase, reactive oxygen species and
peroxynitrite. Molecular Cell Research; Vol 1843 (11): 2645-
2661 https://doi.org/10.1016/j.bbamcr.2014.06.014.

Yu Z, Jiang N, Su W, et.al. (2021) Necroptosis: a novel
pathway in neuroinflammation. Front. Pharmacol. Sec.
Translational Pharmacology: Vol 12 https://doi.org/10.3389/
fphar.2021.701564

Citation: de Silva PN (2024) Programmed Cell Death Vs Death by Suicide; A Functional Comparison. Appl Cell Biol, 12(1), 2024
[12-17]



https://doi.org/10.1111/nyas.14020
https://doi.org/10.1186/s12987-015-0019-5
https://doi.org/10.1186/s12987-015-0019-5
https://doi.org/10.3389/fphar.2021.701564
https://doi.org/10.3389/fphar.2021.701564

	Title
	Corresponding author
	References 

