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Abstract: Suicidal behaviour is a public health problem whose magnitude is both substantial and 

increasing. Since many individuals seek medical treatment following a suicide attempt, strategies 

aimed at reducing further attempts in this population are a valid and feasible secondary prevention 

approach. An evaluation of the available evidence suggests that existing treatment approaches have 

limited efficacy in this setting, highlighting the need for innovative approaches to suicide preven-

tion. Existing research on the neurobiology of social pain has highlighted the importance of this 

phenomenon as a risk factor for suicide, and has also yielded several attractive targets for pharma-

cological preventive strategies. In this paper, the available evidence related to these targets is syn-

thesized and critically evaluated. The way in which social pain is related to the “anti-suicidal” prop-

erties of recently approved treatments, such as ketamine and psilocybin, is also examined. Such 

strategies may be effective for the short-term reduction of suicidal ideation and behaviour in indi-

viduals who have made a suicide attempt suicide prevention, particularly in cases where social pain 

is identified as a contributory factor. These pharmacological approaches may be effective regardless 

of the presence or absence of a specific psychiatric diagnosis. 
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1. Introduction 

Suicide is one of the leading global causes of premature mortality. It is estimated that 

around 750,000-800,000 people lose their lives to suicide each year, and suicide rates ap-

pear to be rising in several low- and middle-income countries [1, 2]. Suicide is a complex 

phenomenon, representing the result of non-linear interactions between innate genetic or 

developmental vulnerability [3-5], current life stressors or events [6], and individual or 

social protective factors [7]. Suicide attempts are preceded by suicidal ideation and plan-

ning, but suicidal ideation is relatively common in the general population, and many in-

dividuals with such ideas do not progress to making a suicide attempt [8-10]. A suicide 

attempt is one of the most robust predictors of future suicide risk; therefore, the provision 

of interventions in the aftermath of an attempt is one of the key secondary suicide preven-

tion strategies [11]. Several psychological interventions to reduce suicidal ideation and 

behaviour have been evaluated in controlled trials. A critical evaluation of these strategies 

found that the benefits from such interventions are modest, and that there is no evidence 

for the superiority of one approach over another [12, 13]. Likewise, in view of the associ-

ation between mental illness and suicide, several pharmacological agents have been as-

sessed for “anti-suicide” effects. There is no significant evidence that existing pharma-

cotherapies have robust and replicated effects on suicide risk, with the exception of two 

drugs – lithium in patients with bipolar disorder, and clozapine in patients with treat-

ment-resistant schizophrenia. Neither of these drugs is useful as a suicide prevention 

strategy in the absence of these specific diagnoses, and both are associated with significant 

adverse effects and a narrow therapeutic index [14]. Furthermore, there is evidence that 

some pharmacological agents may slightly but significantly increase the risk of suicide, 
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particularly in youth [15]. These findings suggest that there is an urgent need for ap-

proaches to suicide prevention, particularly following a suicide attempt, which have 

greater efficacy and a better risk-benefit ratio than existing pharmacological or psycho-

logical therapies. 

In recent years, much has been learned about the neuroanatomical, neurophysiolog-

ical and biochemical correlates of suicidal ideation and behaviour. There is little evidence 

for gross structural abnormalities in the brains of individuals attempting suicide. Instead, 

functional imaging studies have revealed evidence of reduced activity in the prefrontal 

cortices, left insula and right putamen, possibly related to altered serotonergic transmis-

sion, and increased activity in the superior and middle temporal gyri and right occipital 

cortex [16, 17]. Biochemical studies have revealed evidence of alterations related to mon-

oaminergic transmission [18], hypothalamic-pituitary-adrenal (HPA) axis activity [19], 

immune-inflammatory pathways [20], and neural plasticity [21]. Recent genome-wide 

analyses of individuals who have made a suicide attempt are consistent with these find-

ings, suggesting that several biological pathways are related to suicidality, including mon-

oaminergic, glutamatergic and peptidergic neurotransmission, the HPA axis and circa-

dian rhythms [22]. Likewise, psychological factors such as decision-making ability, exec-

utive functioning, neuroticism, impulsivity and aggression have been identified as candi-

date endophenotypes for suicidal behaviour [23]. Though each of these findings is valua-

ble and could serve as a potential lead for the development of pharmacological or psycho-

logical suicide prevention strategies, it is unclear to what extent they apply to individual 

cases encountered in a “real-world” setting such as a clinic, emergency room or commu-

nity treatment centre. It is also unclear to what extent these individual pathways are inter-

related. The existing literature highlights the need for an overarching theory – or at least 

a hypothesis – that could link these findings and highlight discrete targets for suicide pre-

vention strategies that can be tested in controlled trials. In this paper, evidence for one 

such hypothesis – the social pain model of suicide – is critically evaluated using the avail-

able evidence. Next, potential targets for pharmacological intervention, based on our ex-

isting knowledge of the phenomenon of social pain, are identified, and their potential 

benefits and risks are explored. 

2. Materials and Methods 

For the purpose of this review, a literature search of the PubMed, Scopus and Sci-

enceDirect literature databases was conducted, using the key words “social pain” along 

with “suicide”, “suicide attempt”, “suicidal ideation”, “suicidal behaviour”, “suicide 

risk” or “suicidality”. A total of 152 citations were retrieved using this method. After the 

exclusion of duplicates (n = 26), the remaining 126 citations were examined for their rele-

vance to the current review. Papers were included in this review only if they discussed 

theoretical models or presented the results of original research – translational, observa-

tional or interventional – that could be of relevance in elucidating the links between social 

pain and suicide-related phenomena. A total of 67 articles were included via this process. 

In addition, the reference lists of the included articles were examined for relevant cita-

tions. A total of 95 papers were included in the final review. This process is depicted 

graphically in Figure 1. 
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Figure 1. Flow diagram depicting the selection of articles for inclusion in this review. 

In view of the heterogeneous nature of the included studies, the results of this review 

were organized conceptually under the following headings: 

 Neurobiology of social pain 

 Relationship between social pain and suicide 

 Relationship between social pain and factors related to suicide (e.g., depres-

sion, substance abuse, stress) 

 Existing secondary suicide prevention strategies in relation to the social pain 

model 

 Novel pharmacological targets for secondary suicide prevention 

Following this, the implications of these findings for research and clinical practice, as 

well as the potential risks and benefits associated with these approaches, were examined. 

3. Results 

a. Neurobiology of social pain 

Negative emotional states, particularly those occurring in response to social exclu-

sion or rejection, are often described using words that refer to pain or tissue damage: for 

example, we speak of being “broken-hearted” or of having “hurt feelings”. Recent neuro-

biological research suggests that there is a deeper reality behind such metaphors. Stated 

in brief, the social pain hypothesis postulates that social pain – that is, the distressing re-

sponses to conflict or disruption in social relationships – shares neural mechanisms with 

physical pain [24]. From a neuroanatomical perspective, social pain appears to be strongly 

correlated with altered patterns of activation in distinct areas of the anterior cingulate cor-

tex (ACC); for example, self-reported distress caused by social exclusion is associated with 

increased activation of the subgenual ACC, while the length of exclusion is associated 
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with a ventral-to-dorsal gradient in ACC activation [25]. Other components of the “phys-

ical” pain pathway that have also been implicated in the experience social pain include 

the thalamus, sensory cortex, and periaqueductal gray area of the midbrain [26]. Neuro-

chemically, social pain appears to be most strongly linked to alterations in the activity of 

the endogenous opioid system, particularly to changes in the activation of µ-opioid recep-

tors [27-29]. This pathway is known to be crucially involved in the modulation of physical 

pain [30], again supporting the hypothesis of an overlap between the two. Other neuro-

transmitters that have been linked to the perception of social pain include serotonin [31], 

the neuropeptide oxytocin [32], and endogenous cannabinoids [33]. Pro-inflammatory cy-

tokines, which are known to increase sensitivity to physical pain, have also been associ-

ated with increased neural activation in key brain regions when exposed to an experi-

mental situation that induces social pain; this suggests a certain degree of cross-talk be-

tween the immune-inflammatory and social pain pathways [34]. Though this hypothesis 

assumes an overlap between the neural substrates of physical and social pain, it does not 

require a perfect correspondence between the two. Functional brain imaging studies have 

found that, though both phenomena involve alterations in the functioning of common 

brain regions, the patterns of altered activation in these regions can reliably distinguish 

between the two [35]. Variations in specific genes, such as the OPRM1 gene which encodes 

the µ-opioid receptor, appear to be associated with alterations in sensitivity to experimen-

tally-induced social pain [36]. Exposure to severe adversity in childhood may also influ-

ence social pain perception through alterations in ACC structure and oxytocin-related 

neural transmission [37]. More generally, experiences of social rejection in early life may 

alter the “calibration” of the neural pathways discussed above, resulting in altered sensi-

tivity to specific types of social pain [38].  

From an evolutionary perspective, the overlap between social and physical pain is 

understandable if one considers social pain an adaptation that promotes an individual’s 

safety. Just as physical pain serves as an “alarm”, leading to behavioural changes such as 

avoidance of painful stimuli and decreased use of an injured body part, the aversive na-

ture of social pain can be thought of as an “alarm” that prevents the separation of an in-

dividual from a larger group [39]. In line with this, evidence for an overlap between social 

and physical pain has been documented even in other mammalian species, such as dogs 

and monkeys [40]. In ancestral environments, separation from a group would have been 

associated with a higher rate of injury or death (for example, due to starvation or attacks 

from predators) [41, 42], and even in “modern” settings, loneliness is associated with a 

significantly elevated risk of mortality from all causes [43]. In this sense, the social pain 

hypothesis can be viewed as an extension of attachment theory, elucidating the mecha-

nism by which social pain elicits distress and stimulates efforts to avoid separation [44]. 

Along these lines, Meier et al. have proposed a “µ-opioid feedback” model of human so-

cial behaviour, in which the endogenous opioid system influences social affiliation, em-

pathy and bonding in response to positive and negative social experiences [45].  

b. Social pain and suicide 

In 1993, Edwin Shneidman suggested that, regardless of the role of specific triggering 

factors, the ultimate reason for suicide was an attempt to put an end to “unbearable mental 

pain”, which he termed psychache [46]. Subsequent research has confirmed Shneidman’s 

hypothesis [47], and has found that mental or psychological pain may be a stronger pre-

dictor of suicide than other known risk factors, such as the presence of depression [48]. 

Though there are relatively few studies of the neural correlates of psychological pain, the 

available evidence suggests that it shares several a common neural circuit with physical 

pain, involving regions such as the prefrontal cortex, ACC and thalamus [49]. These re-

gions are almost identical to those that have been associated with social pain, raising the 

possibility of an overlap between the two; more precisely, social pain may represent a 

subtype of psychological pain [50]. 
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From an empirical perspective, conditions associated with social pain are frequently 

cited as motives for suicide. These include conflicts between family members (such as 

parent-child conflict), marital conflict, infidelity by a spouse, a lack of close friends, a per-

ceived lack of support or affection from significant others, loneliness, bullying (including 

“cyber-bullying”), and social ostracism [51-55]. These factors appear to play a significant 

role regardless of the age or geographical location of the populations being studied, sug-

gesting that they may all act through the final common pathway of causing intolerable 

social pain. The available evidence suggests that social pain is, in fact, a key mediator 

between exposure to such situations and suicidal behaviour [56].  

These neurobiological and epidemiological findings were synthesized by Gunn [57], 

who proposed the social pain model of suicide. According to this model, experiences such 

as rejection or exclusion in a social or interpersonal setting lead to social pain. Generally 

speaking, the experience of social pain is much more common than suicide attempts or 

completed suicide, and social pain does not lead to suicidality in the majority of cases. 

However, in vulnerable individuals, social pain is associated with “suicidogenic cogni-

tions”, such as ideas of hopelessness, of being a burden to others, or of feeling trapped in 

a situation from which one cannot escape. Social pain can also be associated with “nega-

tive social cognitions” which, while not directly suicidogenic, can reinforce suicidogenic 

cognitions; these may include ideas of oneself as inferior, inept and being unable to sustain 

social relationships. Social pain, suicidogenic cognitions and negative social cognitions 

may then create a positive feedback loop, which – if left uninterrupted – can lead to an 

increase in social pain to an intolerable level, which triggers suicidal behaviour. Though 

Gunn’s formulation is based on a consideration of psychological intermediate variables, 

it is supported by neuroimaging studies of individuals with a recent or past suicide at-

tempt. When exposed to an experimental state of social exclusion, these individuals were 

found to have reduced activation in specific cortical regions and decreased oxytocin lev-

els; alterations in regional brain activity were correlated with levels of cytokines such as 

interleukin-1 beta (IL-1β) and interleukin-2 (IL-2) [58]. Similarly, a study of individuals 

with low social integration and acute suicidal ideation found evidence of increased activ-

ity in the dorsal ACC and anterior insula, which appear to play a role in the experience of 

social pain [59], while a study of women with a past history of suicidal behaviour showed 

evidence of reduced activity in the left insula and supramarginal gyrus, in contrast with 

healthy controls, when experiencing social exclusion in an experimental setting [60]. 

Though these findings require replication, they provide a support for alterations in the 

neural substrates of social pain perception in relation to suicide. 

Along similar lines, it has been suggested that the endogenous opioid system may 

play a central role in the link between exposure to adverse social experiences, social pain 

and suicide. There is evidence from both animal and human research that the distress 

caused by separation or social exclusion is related to altered signalling at the µ-opioid 

receptor; these changes may be linked to the severity of social pain experienced by a given 

person, and may vary in relation to genetic polymorphisms of the µ-opioid receptor gene 

(OPRM1) [61, 62]. If this pain crosses a certain threshold, suicidal behaviour is more likely 

to occur according to the social pain model. In line with this proposal, there is evidence 

that a specific functional polymorphism of the OPRM1 gene is associated with an in-

creased risk of suicide [63, 64]. Post-mortem studies of suicidal deaths found evidence for 

increased functional coupling of the µ-opioid receptor in the anterior insula [65] and in-

creased µ-opioid receptor density in the prefrontal cortex [66], which may reflect compen-

satory changes in the face of a high level of social pain. 

In summary, the social pain model postulates that exposure to certain adverse expe-

riences triggers social pain, which can result in negative cognitions and form a self-rein-

forcing process, resulting in suicidal behaviour; this process may be mediated at a neural 

level by alterations in opioidergic transmission. While this model may not account for all 

suicide attempts, it may be of particular relevance to two subsets of suicide attempters. 

The first, as discussed above, is those individuals whose suicide attempts occur in the 

context of an event or events that trigger social pain [67]. The second, which follows from 
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the sharing of a neural substrate between physical and social pain, is suicide occurring in 

the context of chronic physical pain. Physical pain is associated with a significant increase 

in suicidal ideation, behaviour, and completed suicide [68], and there is evidence of cross-

talk between the processes involved in physical and social pain [69]. Therefore, it is pos-

sible that social stressors can exacerbate the impact of physical pain on suicide risk, and 

that physical pain can increase sensitivity to social pain [70]. This reasoning can also be 

extended to more complex social problems in which there is an interplay between physical 

and social pain, such as victims of intimate partner violence [71]. In at least some of the 

cases mentioned above, pharmacological or psychological therapies aimed at altering so-

cial pain perception or sensitivity may represent valid suicide prevention strategies. 

The social pain model and its functional correlates are summarized in Figure 2. 

 

Figure 2. The social pain model of suicide and its biological substrates. (+) indicates a transmitter or 

region that may be associated with an increase in social pain; (-) indicates a transmitter or region 

that may attenuate social pain; (+/-) indicates evidence of mixed effects; (?) indicates an uncertain 

effect. 

c. Social pain and other risk factors for suicide 

The risk of suicide in a given individual is significantly increased by the presence of 

certain comorbid psychiatric disorders. These include depression, substance use disor-

ders, and personality disorders [72, 73]. While there is ample evidence for links between 

these disorders and suicide in their own right, there is also evidence of altered sensitivity 

to social pain in individuals suffering from these disorders. Such alterations might repre-

sent one of the mechanisms linked to increased suicidal behaviour in these individuals. 

For example, patients with major depression had reduced µ-opioid receptor activation in 

several key brain areas, in comparison with healthy controls, when exposed to a social 

feedback task that simulated social rejection [74]. Similarly, patients with opioid misuse 
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show altered HPA axis reactivity and increased anger when exposed to experimental sit-

uations that triggers social pain [75], and patients with borderline personality disorder 

show evidence of a link between social and physical pain perception [76]. While it is sim-

plistic to assume that altered social pain perception is the chief cause of suicidal behaviour 

in people with these diagnoses, it may contribute to their increased risk of suicide to a 

significant extent. 

Similar considerations may extend to other risk factors for suicide. For example, 

chronic stress is associated with suicide risk via alterations in neuroendocrine, inflamma-

tory and serotonergic pathways inter alia [4]. These pathways are also involved in social 

pain responses [31, 34, 77], and there is evidence that chronic stress influences the rela-

tionship between social and physical pain [78]. Likewise, impulsivity, which is an im-

portant endophenotype for suicidal behaviour, has been found to interact with social pain 

in complex ways. Individuals with high impulsivity may be at a higher risk of facing social 

rejection, and hence of experiencing social pain, in early life [79]; on the other hand, social 

pain may increase impulsive behaviour in some individuals [80]. These findings suggest 

that the concept of social pain can be fruitfully incorporated into other, broader models of 

suicide risk, and that it may be of relevance in a significant number of suicide attempts 

[81]. 

d. The social pain hypothesis and existing strategies for secondary suicide prevention. 

Existing approaches to suicide prevention following an attempt can be broadly di-

vided into two categories: pharmacological or psychological treatment of an underlying 

psychiatric diagnosis (such as depression), and psychological interventions specifically 

targeted at reducing suicidal ideation and behaviour. When examining the first of these, 

it is noteworthy that though antidepressants have been available for over five decades, 

trends in their prescription do not appear to correlate significantly with changes in suicide 

rates [82, 83]. Moreover, in children, adolescents and young adults, the use of antidepres-

sant therapy is associated with a modest but significant increase in suicidal ideation and 

behaviour [15, 84]. Thus, though these drugs appear to be effective for the treatment of 

moderate to severe depressive episodes, they do not appear to have robust “anti-suicidal” 

properties. Several social and biological explanations for this phenomenon have been pro-

posed, but have not been tested systematically. In this context, it is worth considering the 

possibility that this finding may be related to the lack of effect of antidepressants on social 

pain. A clinical trial of patients with fibromyalgia receiving the antidepressant duloxetine 

– which acts via both serotonergic and noradrenergic mechanisms – found no evidence 

that this drug has a significant effect on social pain when given over a period of one month 

[85]. It has also been observed that patients with depression show an increased activation 

of the prefrontal cortex, amygdala and insula when facing social rejection, even when they 

are receiving antidepressant therapy [86]. Other drugs used in the management of depres-

sion, such as mirtazapine and atypical antipsychotics, are antagonists of serotonin type 

2A (5HT2A) receptors [87]; there is evidence that activation of these receptors can attenuate 

social pain [31]. Patients with a specific polymorphism of the OPRM1 gene, known to be 

associated with social pain sensitivity, may experience a paradoxical increase in suicidal 

ideation when treated with the antidepressant tianeptine [87]. Thus, the lack of a mean-

ingful effect on the neural substrates of social pain may be one reason why the commonly 

used antidepressants do not exhibit consistent “anti-sucide” effects. 

When considering pharmacological therapies that have been shown to reduce sui-

cidal behaviour, it is notable that though lithium and clozapine act through diverse phar-

macological mechanisms, they both appear to have effects on endogenous opioid receptor 

activity. Lithium has been shown to reduce pain sensitivity in a rat model of neuropathic 

pain, and this effect appears to be mediated by increased activation of the µ-opioid recep-

tor by the endogenous peptide β-endorphin [88]. N-desmethylclozapine, a metabolite of 

clozapine, has been shown to act as an agonist at δ-opioid receptors, which are co-ex-

pressed with µ-opioid receptors and also play a role in pain perception [89]. These 
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pharmacological properties may explain why lithium and clozapine have a significant ef-

fect on suicidal behaviour, while other drugs that are effective in the management of bi-

polar disorder or schizophrenia apparently do not. 

Among the various psychological interventions that have been tested following a su-

icide attempt, it has been observed that cognitive-behavioural approaches show a signifi-

cant superiority over “control” interventions, while approaches such as dialectical behav-

iour therapy and problem-solving therapy are not significantly superior to “controls” [12]. 

Though a number of explanations may exist for these findings, one possibility is that cog-

nitive-behavioural therapy (CBT), which aims to correct dysfunctional beliefs and ap-

praisals, may interrupt the positive feedback loop between social pain and negative cog-

nitions that leads to suicide [57, 81]. CBT is also effective in the management of chronic 

physical pain [90], and imaging studies have shown that CBT is associated with changes 

in the functioning of specific brain areas that form part of the shared pathway for physical 

and social pain [91]. Therefore, it is possible that psychological therapies such as CBT de-

rive at least some of their “anti-suicidal” properties from their effects on the perception 

and appraisal of social pain. 

e. Novel pharmacological targets for suicide prevention based on the social pain model 

From the foregoing section, it can be seen that the social pain model of suicide may 

explain some of the differences in “anti-suicide” properties among existing pharmacolog-

ical and psychological therapies. However, research into the pharmacological substrates 

of social pain perception also provides valuable leads for novel suicide prevention strate-

gies, particularly in individuals who have made a suicide attempt or are experiencing ac-

tive suicidal ideation in relation to social exclusion, rejection or isolation. These are sum-

marized in Table 1 and discussed in more depth below. 

Table 1. Pharmacological targets for secondary suicide prevention, based on the social pain model 

of suicide. 

Pharmacological target 
Mechanism for the reduc-

tion of social pain 
Potential drug therapies 

Opioid receptors 

µ-opioid receptor partial ag-

onism; κ-opioid receptor an-

tagonism (?) 

Buprenorphine 

Serotonin receptors 
Activation of 5HT2A and 

5HT1A receptors 

Psilocybin 

MDMA (?) 

Glutamate receptors  

Blockade of NMDA recep-

tors; modulation of metabo-

tropic glutamate receptors (?) 

Ketamine 

Agmatine (?) 

Cannabinoid receptors 
Blockade or partial agonism 

of CB1 receptors (?) 

No specific agent available 

for clinical use to date 

Oxytocin receptors 
Agonism of oxytocin recep-

tors 
Intranasal oxytocin (?) 

Immune-inflammatory path-

ways 

Reduction in the levels of 

pro-inflammatory cytokines 

(IL-6, IL-1β, TNF-α) 

NSAIDs (?) 

Infliximab (?) 

Others 
Reduction of social pain per-

ception or sensitivity 

Acetaminophen (paraceta-

mol) (?) 

rTMS (?) 

Abbreviations: (?), uncertain or inconsistent evidence; 5-HT, serotonin; CB, cannabinoid; IL-1β, in-

terleukin-1 beta; IL-6, interleukin-6; MDMA, 3, 4-methylenedioxymethamphetamine; NMDA, N-me-

thyl d-aspartate; NSAIDs, non-steroidal anti-inflammatory drugs; rTMS, repetitive transcranial mag-

netic stimulation 
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e1. Opioid receptor agonists and antagonists 

Endogenous opioid peptide transmission, and signalling at the µ-opioid receptor in 

particular, appears to play a central role in the perception of social pain. Therefore, it is 

possible that cautious pharmacological manipulation of this receptor could reduce the se-

verity of social pain, and thereby reduce suicidal cognitions and behaviours related to this 

parameter [27-29, 36, 45, 61-66]. Though there is anecdotal evidence of an effect of opioid 

agonists in suicide prevention in certain cases [92], this must be balanced against the sig-

nificant evidence for an increased risk of suicide related to high-dose opioid therapy or to 

its discontinuation [93, 94]. There is some evidence that buprenorphine, a partial µ-agonist 

with high receptor affinity, may be associated with a lower risk of abuse and suicide than 

other opioid analgesics [95]. Thus, it is possible that therapy with buprenorphine – but not 

other commonly used opioids – could be effective in the reduction of suicidality through 

its effects on social pain. 

To verify this hypothesis, Yovell et al. conducted a multi-centre, placebo-controlled 

trial of low-dose buprenorphine (0.1 – 0.8 mg/day; the standard analgesic dose is 4-24 

mg/day) in patients with significant suicidal ideation and no past or current history of 

substance abuse [96]. It was found that buprenorphine was significantly superior to pla-

cebo in reducing suicidal ideation after 2 and 4 weeks, and was also superior in reducing 

self-reported mental pain. These results were not influenced by concurrent antidepressant 

treatment, and buprenorphine did not cause a significant reduction in symptom scores for 

depression, suggesting that its suicide-specific effect was independent of any antidepres-

sant property. Though these results are promising, they should be interpreted with cau-

tion, as the rates of suicide attempts did not differ significantly across treatment groups. 

Subsequently, a controlled trial of a single high dose of buprenorphine (32, 64, 96 mg) 

found that this treatment was associated with a significant reduction in suicidal ideation 

in patients with comorbid major depression and opioid dependence; all three doses were 

equally effective in terms of the primary outcome, and no suicide attempts were reported 

[97]. In this trial, the effect of a single dose appeared to be maintained when patients were 

followed up after two weeks; however, the lack of a placebo group in this study was a 

significant limitation. These results suggest that µ-opioid receptor agonism is a potentially 

valid strategy for the reduction of suicidal ideation, though its effect on suicidal behaviour 

remains uncertain and its long-term effects remain unclear. Further randomized control 

trials of buprenorphine or related agents with a focus on outcomes beyond suicidal idea-

tion are required, both to establish real-world efficacy and to determine the effective dose 

range and the risk/benefit ratio of this approach.  

The effects of buprenorphine on suicidal ideation or behaviour may not be confined 

to its µ-opioid receptor partial agonism: there is some evidence that blockade of κ-opioid 

receptors may also attenuate suicide risk, and that this property contributes to the puta-

tive “anti-suicidal” effect of buprenorphine [98]. In animal models, δ-opioid agonists re-

duce the affective component of experimentally induced pain [99]; as mentioned earlier, 

clozapine may exert its effects on suicide risk through the actions of its active metabolite 

at this receptor. These receptors may represent useful alternate targets for the pharmaco-

logical reduction of suicide risk through the attenuation of social pain. 

e2. Serotonin receptor agonists 

The monoamine transmitter serotonin has been hypothesized to play a key role in 

the neurobiology of suicidal behaviour. Low levels of the serotonin metabolite 5-hydrox-

yindole-acetic acid (5-HIAA) have been consistently reported in suicide attempters [18], 

and variations in serotonin-related genes, such as the serotonin transporter gene (SLC6A4) 

and the tryptophan hydroxylade-2 gene (TPH2) have been associated with suicide at-

tempts [100]. More generally, serotonin has been implicated in the regulation of a number 

of fundamental biological processes, such as appetite, the sleep-wake cycle, perception, 

the regulation of emotions, and cognition, including social cognition [101-103]. These ef-

fects are mediated through 14 known subtypes of serotonin receptors [104]. Serotonin is 
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also hypothesized to play a role in the pathogenesis of depression, and drugs acting on 

serotonergic pathways are the most commonly used antidepressants [105]. 

Recent evidence suggests that the serotonergic system plays a role in the modulation 

of social pain. A functional polymorphism of the SLC6A4 gene is associated with the per-

ception of interpersonal problems in depressed individuals [106] and with the level of 

anxiety experienced during an experimental task involving social exclusion [107]. Admin-

istration of an agonist of serotonin type 2A and 1A receptors appears to reduce social pain 

processing [31]. d-fenfluramine, which increases serotonin release, is associated with re-

duced distress when performing a socially stressful task, as is the serotonin type 1A partial 

agonist ipsapirone. On the other hand, stimulation of serotonin type 1B receptors, or 

blockade of type 2A receptors, appeared to increase anxiety during such tasks [108]. Thus, 

it is possible that pharmacological therapies which selectively target specific types of ser-

otonin receptors can reduce the perception of social pain. 

A promising lead for a serotonergic drug that might reduce suicidal ideation or be-

haviour was obtained from epidemiological studies of individuals taking psychedelic and 

related drugs for recreational purposes. These drugs, which include psilocybin, lysergic 

acid diethylamide (LSD), dimethyltryptamine and mescaline, all act either through an in-

crease in presynaptic serotonin release or through agonism of serotonin type 1 and type 2 

receptor subtypes. Initially, a class effect was observed for these drugs, with lifetime psy-

chedelic use associated with lower rates of suicidal ideation, planning, and attempts [109, 

110]. Further research led to the emergence of a more fine-grained picture, in which LSD 

was associated with an increase in the risk of depression and suicidal ideation, while psil-

ocybin was associated with reduced suicidal ideation and behaviour [111, 112]. Psilocybin 

was also found to reduce social pain in a controlled trial conducted in healthy volunteers 

[31]. Subsequently, the use of a single dose of psilocybin, in combination with psychother-

apy, was noted to cause a significant reduction in suicidal ideation in patients with ad-

vanced cancer. This effect was sustained up to 6 months [113]. These results suggest that 

psilocybin may be an effective means of targeting the social pain pathway and causing an 

acute reduction in suicide risk [114]. Nevertheless, caution is required when using psy-

chedelic drugs in this manner, as they can also be associated with undesirable psycholog-

ical effects (“bad trips”) such as anxiety, aggression and dysphoria [115]. 

3,4-methylenedioxymethamphetamine (MDMA), commonly referred to as “Ec-

stasy”, is a drug that is sometimes grouped together with psychedelics or hallucinogens 

because of an overlap in their pharmacological properties and perceived effects [112]. The 

mechanism of action of MDMA appears to involve an increase in the release of serotonin, 

though it also has effects on dopamine and noradrenaline release [116]. MDMA, like psil-

ocybin, appears to be associated with reduced suicidal ideation in community surveys 

[117], and MDMA appears to reduce social pain both in animal models and in humans by 

blunting the response to social rejection [118]. Recently, MDMA has been investigated as 

a potential treatment for patients with post-traumatic stress disorder in combination with 

psychotherapy, and appeared to be associated with a reduction in suicide risk at trial com-

pletion [119]. However, given the numerous reports of suicide attempts or suicidality as-

sociated with MDMA outside a clinical context [116], as well as consistent reports of neu-

rotoxicity and other end-organ damage associated with excessive MDMA use [120, 121], 

the risk-to-benefit ratio of this approach requires careful evaluation. 

e3. Glutamate receptor antagonists 

The amino acid transmitter glutamate is the main excitatory neurotransmitter in the 

brain [122]. Glutamate plays a key role in pain perception, and functional imaging studies 

have demonstrated elevated levels of glutamate in patients with chronic pain syndromes 

[123, 124]. Glutamate also interacts with opioid receptor functioning, particularly with the 

µ-opioid receptor, to influence sensitivity to pain [125]. The effects of glutamate on pain 

are mediated through its actions on specific receptors, including the N-methyl d-aspartate 

(NMDA) receptor and metabotropic receptors [126, 127]. Pharmacological blockade of the 
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glutamate receptor reduces central pain perception, and this effect appears to be mediated 

by the actions of endogenous opioids at µ receptors [128]. In rodent models, glutamate 

plays a key role in the response to social stressors, such as exclusion or exposure to hostile 

behaviours, and this effect appears to be related to alterations in the activity of NMDA 

and metabotropic type 5 (mGlu5) glutamate receptors [129, 130]. These findings suggest 

a plausible association between glutamatergic transmission and the perception of social 

pain. A study of adolescents with suicidal ideation found evidence of altered glutamate 

metabolism in the ACC, a region strongly associated with the experience of social pain 

[131]. Based on these findings, it has been suggested that glutamate-related therapies may 

represent a novel approach to the reduction of suicidality [132]. 

A short-term clinical trial of pregabalin, a drug that inhibits the release of glutamate, 

found that this drug did not reduce social pain in patients with chronic physical pain [85]. 

On the other hand, the NMDA receptor antagonist ketamine, previously used as a general 

anaesthetic and analgesic, has recently been approved for use in patients with resistant 

depression [133]. Apart from its rapid antidepressant properties, ketamine and its enanti-

omer esketamine (S(+)-ketamine) also appear to exert a significant early effect on suicidal 

ideation in patients with mood or anxiety disorders [134]. A subsequent clinical trial in-

volving 32 patients with a history of chronic suicidal thoughts found that ketamine was 

associated with a reduction in suicidal ideation over a 6-week period, with over two-thirds 

of participants reporting a significant benefit. These effects were independent of the pa-

tients’ formal diagnosis or concurrent treatment with other medications, and were associ-

ated with increased grey matter volumes in brain regions that form part of the “social pain 

circuit”, such as the thalamus and periaqueductal gray [135, 136]. Crucially, it has also 

been observed that the anti-suicidal effects of ketamine in humans are blocked by the ad-

ministration of naltrexone, a drug that acts primarily as a µ-opioid receptor antagonist 

[137]. A synthesis of these results is consistent with the hypothesis that ketamine may 

reduce suicidal ideation through its effects on social or psychological pain, mediated by 

increased activation of the µ-opioid receptor. However, the specific effects of ketamine on 

suicidal behaviour have not been evaluated independently. 

Given the known risks of misuse associated with ketamine [138], the polyamine mol-

ecule agmatine has also been investigated as a safer alternative. Agmatine appears to act 

at least partially through blockade of the NMDA receptor [139], and a post-mortem study 

has documented reduced agmatine levels in the cerebral cortex of completed suicides, in-

dependent of the presence of depression [140]. Agmatine has also been shown to have 

antidepressant-like effects in animal models of depression [141], and could share anti-su-

icidal effects with ketamine; however, these properties have not yet been evaluated in 

controlled trials in humans.  

e4. Cannabinoid receptor agonists 

The endogenous cannabinoid or endocannabinoid system has been identified as 

playing a significant role in several psychiatric disorders, as well as in suicidal behaviour 

[142, 143]. These effects appear to be mediated primarily through the cannabinoid type 1 

(CB1) receptor, which is expressed at high levels in several key brain regions, including 

the prefrontal cortex and limbic system [144]. In a rat model, changes in social behaviour 

and sensitivity to physical or social pain caused by rejection were associated with an up-

regulation of CB1 receptors. These changes could be reversed by administration of rimona-

bant, a CB1 receptor inverse agonist [145]. The administration of another CB1 inverse ago-

nist, AM-251, was associated with antidepressant effects in a mouse model, and these ef-

fects were potentiated by the opioid antagonist naltrexone, suggesting a link between opi-

oid system activity and these effects [146]. Post-mortem studies have found evidence of 

increased cannabinoid receptor density and functional coupling in the brains of individ-

uals with depression who committed suicide [147, 148], while chronic cannabis use in 

adults leads to an increase in the associations between physical pain, depression and anx-

iety [149]. The endocannabinoid system also interacts significantly with several of the 
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molecular pathways implicated in social pain, including the endogenous opioid system 

[146, 150], serotonergic transmission [151], and the HPA axis [152]. Therefore, the endo-

cannabinoid system appears to be implicated in social pain as well as in suicide, most 

probably through signalling at the CB1 receptor. 

Despite what would be expected from the results of animal studies, administration 

of rimonabant in humans is associated, not with a reduction in suicidality, but with an 

increase in depression, anxiety and even suicide risk; these effects were severe enough to 

necessitate its withdrawal from several markets [153]. It has been suggested that these 

effects may be the result of functional polymorphisms in the CB1 receptor gene CNR1, or 

in serotonergic genes that influence the interaction between serotonergic and endocanna-

binoid systems [154]. It is also noteworthy that the CB1 receptor is down-regulated rather 

than up-regulated following exposure to chronic stress, suggesting that there may not be 

a simple linear relationship between CB1 receptor activity and suicide-related risk factors 

[152]. Alternately, these effects may result from the specific “inverse agonist” properties 

of rimonabant, in which case they could be minimized or even avoided entirely through 

the development of pure antagonists, partial agonists or allosteric modulators of the CB1 

receptor [155].  

e5. Oxytocin receptor agonists 

The neuropeptide oxytocin functions both as a hormone and a neurotransmitter, and 

plays a key role in the regulation of social behaviour in animals as well as humans [156]. 

These effects are mediated through the oxytocin receptor (OXTR), which is present in high 

density at several regions of the brain, including the cerebral cortex, hippocampus, and 

nucleus accumbens [157]. Oxytocin and endogenous opioid peptides appear to interact 

with each other in a reciprocal manner [158], and oxytocin reduces pain perception 

through effects that are mediated by increased opioid receptor activation [159]. In rodents, 

oxytocin receptor levels decrease with social isolation, and the administration of oxytocin 

partially reduces the behavioural problems seen in socially isolated mice or rats [160]. In 

healthy human volunteers, oxytocin reduces the social pain caused by romantic rejection 

[161], and a functional polymorphism of the OXTR gene influences changes in HPA axis 

functioning in individuals exposed to social rejection [162]. In individuals who had made 

a suicide attempt, exposure to social rejection in an experimental setting resulted in a de-

crease in plasma oxytocin levels, and serum oxytocin and cerebrospinal fluid (CSF) levels 

of oxytocin were lower than in controls. CSF oxytocin levels were negatively correlated 

with the intent associated with a suicide attempt [163-165]. These findings are consistent 

with a significant relationship between oxytocin and suicidal behaviour which may be 

mediated, at least in part, by the effects of oxytocin on social pain. 

The intranasal administration of oxytocin has been evaluated as a therapeutic option 

in several psychiatric disorders, including depression and anxiety; however, evidence of 

efficacy has been inconclusive to date [166]. Studies examining the effects of intranasal 

oxytocin on responses to social rejection suggest that its effects on social pain are variable, 

and depend crucially on factors such as sex, attachment style and social context [167-169]. 

Besides these individual factors, methodological limitations related to sample size, study 

design, treatment duration, and the definition of specific outcomes may account for the 

inconsistent responses seen in clinical trials of intranasal oxytocin [170]. Given its favour-

able adverse effect profile, and its lack of potential for misuse compared to many of the 

drugs discussed above, well-designed short- to medium-term clinical trials of oxytocin in 

individuals with suicidal ideation or behaviour may still be warranted. 

e6. Immune-inflammatory modulators 

Suicidality is associated with significant alterations in the levels of several cytokines. 

Levels of interleukin-6 (IL-6) and interleukin-1 beta (IL-1β) are significantly increased in 

both peripheral blood samples and in postmortem brain tissue in relation to completed 

suicides or suicide attempts, and persons with suicidal behaviour also show reduced 
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interleukin-2 (IL-2) production by peripheral mononuclear cells and reduced interleukin-

8 (IL-8) in cerebrospinal fluid [20]. At a central level, upregulation of tumor necrosis factor 

alpha (TNF-α) has been demonstrated in the prefrontal cortex of suicide victims [171]. 

Changes in the levels of these inflammatory markers are also significantly associated with 

social pain. In individuals exposed to social rejection in a laboratory setting, increased 

levels of IL-6 and soluble tumour necrosis factor-alpha receptor type II (sTNFαRII) were 

observed, and these changes were correlated with increased activity in brain regions 

linked to social pain [172]; in a similar study involving only female participants, exposure 

to criticism in an experimental setting was associated with increases in brain amygdala 

activity that correlated with increases in IL-6 levels and self-reported social feelings of 

rejection [173]. The induction of an inflammatory response through the administration of 

low-dose endotoxin was also associated with elevated IL-6, depressed mood, and social 

pain when healthy individuals were exposed to social rejection in an experimental setting. 

These changes were correlated with alterations in brain regions hypothesized to be related 

to social pain, such as the dorsal ACC and anterior insula, particularly in female partici-

pants [34]. These findings suggest a certain degree of similarity between the inflammatory 

correlates of social pain and those seen in suicide attempters. 

Clinical trials in patients with depression, who often exhibit similar alterations in in-

flammatory markers, may provide clues for potential suicide prevention therapies target-

ing the relationship between social pain and inflammation. The available evidence sug-

gests that some, but not all, patients with depression have elevated levels of inflammatory 

markers such as IL-6 and TNF-α, and it is this specific group of patients that shows an 

antidepressant response to anti-inflammatory therapies, such as non-steroidal anti-in-

flammatory drugs (NSAIDs) and the TNF-α antagonist infliximab [174, 175]. It is possible 

that, in patients with a suicide attempt occurring in relation to social pain, and in associa-

tion with elevated levels of these markers, therapies such as NSAIDs or infliximab may 

reduce suicidal ideation or behaviour. However, given the complex and homoeostatic role 

often played by cytokines, such therapies may not always work in a linear manner [176]: 

a trial of the IL-6 antagonist tocilizumab in medically ill patients found a worsening of 

depressed mood instead of the expected improvement in depression [177].  

e7. Other therapeutic targets 

Research on the neural and molecular mechanisms of social pain has identified cer-

tain other approaches that may reduce social pain in an experimental setting. Acetamino-

phen (paracetamol), a commonly used analgesic and antipyretic, has been shown to re-

duce social pain in response to rejection in experimental settings [178], and was also found 

to reduce social pain in a 3-week clinical trial [179]. On the other hand, in a study designed 

to examine whether acetaminophen could increase the capacity for suicide in healthy vol-

unteers, no evidence was found for such an effect [180]. The exact mechanisms underlying 

these properties are unknown, but may involve inhibition of prostaglandin synthesis at a 

central level, as well as the activation of serotonergic and endocannabinoid pathways 

[181]. 

In a controlled trial conducted in healthy college students, it was observed that re-

petitive transcranial magnetic stimulation (rTMS) over the ventrolateral and dorsolateral 

prefrontal cortices led to a decrease in the social pain caused by viewing images of social 

exclusion; this effect was sustained for around one hour after each rTMS session. This 

result suggests that the lateral prefrontal cortex may play a role in the “down-regulation” 

of social pain, and offers an alternative target for somatic therapy [182]. However, it is not 

known if either of these approaches show similar results in a clinical setting. 

4. Discussion 

Suicide often appears to be the result of intolerable psychological pain, and such pain 

often arises in the context of social rejection, exclusion, isolation, or the disruption of es-

tablished social bonds – social pain. Though it cannot account for all cases of completed 
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suicide, the social pain hypothesis is a useful heuristic both in terms of understanding the 

contributions of psychosocial factors related to suicide, and in terms of identifying poten-

tial targets for intervention. The evidence covered in the current review suggests that a 

number of potentially useful pharmacological approaches to suicide prevention, particu-

larly in individuals with suicidal ideation or a recent suicide attempt, can be derived from 

this hypothesis. In many cases, this evidence is limited and inferential in nature, and has 

not yet been subjected to rigorous evaluation in the actual populations of interest. Never-

theless, it is important to note that at least two of the recently advocated treatments for 

the rapid reduction of depression and suicidality – ketamine and psilocybin – appear to 

exert their effects, at least in part, through a reduction in social pain. Positive results ob-

tained in controlled clinical trials of buprenorphine, though they cannot be generalized, 

provide further support for the potential value of targeting the “social pain pathway” as 

an approach to secondary suicide prevention. 

Much remains unknown about the “anti-suicidal” properties of these drugs. Are they 

achieved after a single dose, or after repeated dosing? How long are these effects sus-

tained? Do reductions in suicidal ideation translate into meaningful reductions in suicidal 

attempts or deaths? What are the potential interactions between these drugs and other 

treatments that a suicidal patient might receive, such as antidepressants? Are there any 

long-term adverse effects of these treatments that may not be evident in short-term trials? 

A definitive answer to these questions can be obtained only through carefully designed 

controlled clinical trials [183, 184]. The essential components of these trials would be: (a) 

the inclusion of subjects with a recent suicide attempt and active suicidal ideation, even if 

these subjects do not qualify for a formal diagnosis such as “major depression” or “anxiety 

disorder”; (b) the operationalization and measurement of the key variables of interest – 

social pain, suicidal ideation and suicidal behaviour – before and after treatment; (c) the 

administration of specific doses of a given agent, either singly or repetitively; (d) compar-

isons with “treatment as usual”, given the paucity of established pharmacological strate-

gies for suicide prevention; (e) a reasonable duration of follow-up, to ensure that any ob-

served effect is sustained over weeks or months and is not a transient and naturally-oc-

curring fluctuation; and (f) appropriate ethical safeguards to handle unexpected or para-

doxical medication effects and to protect individual participants. The measurement of sur-

rogate markers, such as changes in peripheral blood markers or the activity of specific 

brain regions, may help in confirming mechanistic hypotheses, but should not be consid-

ered a primary outcome in trials of this sort. If specific agents are found efficacious in trials 

of this sort, they would merit further evaluation in more naturalistic or “real-world” set-

tings. It should also be noted that, given the rarity of suicide attempts in comparison with 

suicidal ideation, an accurate evaluation of this outcome would require fairly large sam-

ples and a lengthy follow-up period, or the use of alternative strategies to improve trial 

efficiency [185]. 

Several precautions should be mentioned in this context. These are summarized in 

Table 2. First, though the drugs covered in this review may be effective in the reduction 

of suicidal ideation and behaviour, they are also associated with significant risks, such as 

misuse or abuse (ketamine, buprenorphine, psilocybin, MDMA) [93, 115, 116, 138], a nar-

row therapeutic index and a risk of toxicity in overdose (acetaminophen) [186] or other 

undesirable systemic adverse effects (NSAIDs, infliximab) [187, 188]. A careful evaluation 

of the risk-benefit ratio should precede the initiation of any of these therapies, even if they 

are found effective, and practitioners prescribing these drugs should take appropriate pre-

cautions to ensure that these drugs are not diverted for misuse or prescribed in patients 

with significant contraindications to their use. 

A further note of caution is in order. Apart from the known hazards associated with 

these drugs, there is some concern that pharmacological manipulation of the social pain 

pathway may have undesirable social effects. This concern has been voiced most specifi-

cally with regard to acetaminophen and NSAIDs, which may reduce an individual’s em-

pathy to others’ pain while reducing their own perception of, or sensitivity to, social pain. 

This may result in a decrease in prosocial behaviour [189, 190]. Likewise, as discussed 
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above, seemingly “prosocial” drugs such as psilocybin and MDMA have both been asso-

ciated with undesirable and unpredictable effects such as anxiety, dysphoria, and even 

suicide attempts [115, 116]. Whether such concerns will be an issue in the setting of time-

limited treatments for suicide prevention is unknown; however, these findings highlight 

the need to assess behavioural adverse effects when evaluating the efficacy of these drugs. 

Even in the absence of adverse effects, there may be significant variations in the effi-

cacy of these drugs across patients. In some cases, this may reflect the influence of phar-

macogenomic factors, such as functional polymorphisms in target receptors or down-

stream molecular pathways. Secondary analyses of trial data may help in identifying these 

variants (e.g., OPRM1 rs1799971, OXTR rs53576, 5-HTTLPR) and lead to the development 

of pharmacogenomic testing, which would facilitate a personalized medicine-based ap-

proach to the use of these agents [154, 191]. Alternately, the measurement of specific bi-

omarkers may help in identifying subgroups of suicidal patients who would respond to 

specific therapies, as is already being attempted in the case of depression [174, 175, 192]. 

Table 2. Limitations and safety concerns associated with novel pharmacological strategies for sui-

cide prevention. 

Concern Drug Cause of mechanism Risk reduction strategy 

Lack of evidence All except ketamine 

Lack of controlled clinical tri-

als; variations in definition of 

suicidal phenotype 

Well-designed phase II 

and III trials with clear op-

erational definitions of sui-

cide-related outcomes 

Abuse or dependence 
Buprenorphine, ketamine, 

psilocybin, MDMA 

Activation of mesolimbic do-

pamine and opioid pathways; 

toxicity from accidental or in-

tentional overdoses 

Careful selection of sub-

jects for treatment; limited 

dispensing; screening for 

misuse at follow-up; legis-

lation. 

Narrow therapeutic index Acetaminophen 

Various; e.g. liver damage by 

active metabolites for aceta-

minophen 

Limited dispensing; super-

vision by healthcare pro-

viders and caregivers 

Systemic adverse effects NSAIDs, infliximab 

Various; e.g. gastric ulceration 

or haemorrhage with NSAIDs; 

hypersensitivity reactions 

with infliximab 

Identification of clinical 

risk factors; education of 

patients and caregivers re-

garding potential adverse 

effects; use of alternate 

agents 

Behavioral toxicity 
Acetaminophen, NSAIDs, 

MDMA, psilocybin 

Modification of social pain 

perception (analgesics); chal-

lenging experiences (“bad 

trips”) leading to negative 

emotional responses and sui-

cidality (MDMA, psilocybin) 

Careful monitoring of 

mental status; use of alter-

nate agents; education of 

patients and caregivers re-

garding potential adverse 

effects. 

Variable efficacy All 

Pharmacogenomic variations 

in molecular targets or down-

stream mediators 

Genetic analysis of data 

from controlled trials; 

pharmacogenomic testing 

and personalized medicine 

Abbreviations: MDMA, 3,4-methylenedioxymethamphetamine; NSAIDs, non-steroidal anti-inflammatory drugs 

Finally, it should be noted that these drugs – even if found effective in the reduction 

of suicidal ideation and behaviour – should not be viewed as “cures” for suicidality. As 

mentioned earlier, suicide is a complex phenomenon resulting from the interplay of bio-

logical, psychological and social factors. It is naïve to assume that a single drug can ad-

dress the deeper psychological or social roots of suicidal behaviour, even if these have 
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identifiable biological substrates. These drugs should best be viewed as short-term, acute-

phase interventions, in the same way as analgesics are used for the management of acute 

or post-operative pain [193]. They are probably best used as part of a multidisciplinary 

treatment approach that includes psychological or social interventions tailored to an indi-

vidual’s needs [194]. 

5. Conclusions 

Despite certain limitations in the existing evidence base, the social pain hypothesis 

holds promise for the development of novel suicide prevention strategies. It is hoped that 

the findings summarized in this review, though requiring replication and extension, will 

be of use to those involved in the development and testing of pharmacological therapies 

for this indication. These therapies may prove to be most effective in the reduction of su-

icidal ideation and behaviour immediately after a suicide attempt, but should be evalu-

ated carefully for both efficacy and safety prior to their use in clinical settings.  

 
Author Contributions: Conceptualization, methodology, formal analysis, writing, editing – R.P.R. 

Funding: The work presented in this paper received no funding. 

Data Availability Statement: No original data was generated for the purpose of this paper. 

Conflicts of Interest: The author declares no conflicts of interest. 

References 

1. Yip, P., Zheng, Y., Wong, C. Demographic and epidemiological decomposition analysis of global changes in suicide rates and 

numbers over the period 1990-2019. Inj. Prev. 2022, 28(2), 117–124. https://doi.org/10.1136/injuryprev-2021-044263 

2. Naghavi, M., Global Burden of Disease Self-Harm Collaborators. Global, regional, and national burden of suicide mortality 

1990 to 2016: systematic analysis for the Global Burden of Disease Study 2016. BMJ 2019, 364, l94. https://doi.org/10.1136/bmj.l94  

3. Edwards, A. C., Ohlsson, H., Mościcki, E., Crump, C., Sundquist, J., Lichtenstein, P., Kendler, K. S., & Sundquist, K. On the 

Genetic and Environmental Relationship Between Suicide Attempt and Death by Suicide. Am. J. Psychiatry 2021, 178(11), 1060–

1069. https://doi.org/10.1176/appi.ajp.2020.20121705  

4. Thomas, N., Armstrong, C. W., Hudaib, A-R., Kulkarni, J., & Gurvich, C. A network meta-analysis of stress mediators in suicide 

behavior. Front. Neuroendocrinol. 2021, 63, 100946. https://doi.org/10.1016/j.yfrne.2021.100946  

5. Angelakis, I., Gillespie, E. L., & Panagioti, M. Childhood maltreatment and adult suicidality: a comprehensive systematic review 

with meta-analysis. Psychol. Med. 2019, 49, 1057-1078. https://doi.org/10.1017/S0033291718003823 

6. Lamontagne, S. J., Ballard, E. D., & Zarate, Carlos A., Jr. (2022). Effect of stress on endophenotypes of suicide across species: a 

role for ketamine in risk mitigation. Neurobiol. Stress. 2022, 18, 100450. https://doi.org/10.1016/j.ynstr.2022.100450 

7. Aggarwal, S., Patton, G., Reavley, N., Sreenivasan, S. A., & Berk, M. Youth self-harm in low- and middle-income countries: 

systematic review of the risk and protective factors. Int. J. Soc. Psychiatry 2017, 63(4), 359-375. 

https://doi.org/10.1177/002076401770175 

8. Lovestad, S., Love, J., Vaez, M., Waern, M., Hensing, G., & Krantz, G. Suicidal ideation and attempts in population-based sam-

ples of women: temporal changes between 1989 and 2015. BMC Public Health 2019, 19, 351. https://doi.org/10.1186/s12889-019-

6685-5 

9. Cao, X-L., Zhong, B-L., Xiang, Y-T., Ungvari, G. S., Lai, K. Y. C., Chiu, H. F. K., & Caine, E. D. Prevalence of suicidal ideation 

and suicide attempts in the general population of China: a meta-analysis. Int. J. Psychiatry Med. 2015, 49(4), 296-308. 

https://doi.org/10.1177/0091217415589306 

10. Hubers, A. A. M., Moaddine, S., Peersmann, S. H. M., Stijnen, T., van Duijn, E., van der Mast, R. C., Dekkers, O. M., & Giltay, 

E. J. Suicidal ideation and completed suicide in both psychiatric and non-psychiatric populations: a meta-analysis. Epidemiol. 

Psychiatr. Sci. 2018, 27, 186-198. https://doi.org/10.1017/S2045796016001049 

11. Demesmaeker, A., Chazard, E., Hoang, A., Vaiva, G., & Amad, A. Suicide mortality after nonfatal suicide attempt: a systematic 

review and meta-analysis. Aust. N. Z. J. Psychiatry 2022, 56(6), 603-616. https://doi.org/10.1177/00048674211043455 

12. Sobanski, T., Josfeld, S., Peikert, G., & Wagner, G. Psychotherapeutic interventions for the prevention of suicide re-attempts: a 

review. Psychol. Med. 2021 Oct 5, 1-16. https://doi.org/10.1017/S2045796016001049 

13. Fox, K.R., Huang, X., Guzman, E. M., Funsch, K. M., Cha, C. B., Ribeiro, J. D., & Franklin, J. C. Interventions for suicide and self-

injury: a meta-analysis of randomized controlled trials across nearly 50 years of research. Psychol. Bull. 2020, 146(12), 1117-1145. 

https://doi.org/10.1037/bul0000305 

14. Wilkinson, S. T., Trujillo Diaz, D., Rupp, Z. W., Kidambi, A., Ramirez, K. L., Flores, J. M., Avila-Quintero, V. J., Rhee, T. G., 

Olfson, M., & Bloch, M. H. Pharmacological and somatic treatment effects on suicide in adults: A systematic review and meta-

analysis. Depress. Anxiety 2022, 39(2), 100–112. https://doi.org/10.1002/da.23222  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 July 2022                   doi:10.20944/preprints202207.0064.v1

https://doi.org/10.20944/preprints202207.0064.v1


 

 

15. Pompili, M., Serafini, G., Innamorati, M., Ambrosi, E., Giordano, G., Girardi, P., Tatarelli, R., & Lester, D. Antidepressants and 

Suicide Risk: A Comprehensive Overview. Pharmaceuticals 2010, 3(9), 2861–2883. https://doi.org/10.3390/ph3092861  

16. Desmyter, S., van Heeringen, C., & Audenaert, K. Structural and functional neuroimaging studies of the suicidal brain. Prog. 

Neuropsychopharmacol. Biol. Psychiatry 2011, 35(4), 796–808. https://doi.org/10.1016/j.pnpbp.2010.12.026  

17. Bani-Fatemi, A., Tasmim, S., Graff-Guerrero, A., Gerretsen, P., Strauss, J., Kolla, N., Spalletta, G., & De Luca, V. Structural and 

functional alterations of the suicidal brain: An updated review of neuroimaging studies. Psychiatry Res. Neuroimaging 2018, 278, 

77–91. https://doi.org/10.1016/j.pscychresns.2018.05.008  

18. Hoertel, N., Cipel, H., Blanco, C., Oquendo, M. A., Ellul, P., Leaune, E., Limosin, F., Peyre, H., & Costemale-Lacoste, J. F. Cere-

brospinal fluid levels of monoamines among suicide attempters: A systematic review and random-effects meta-analysis. J. Psy-

chiatr. Res. 2021, 136, 224–235. https://doi.org/10.1016/j.jpsychires.2021.01.045 

19. O'Connor, D. B., Ferguson, E., Green, J. A., O'Carroll, R. E., & O'Connor, R. C. Cortisol levels and suicidal behavior: A meta-

analysis. Psychoneuroendocrinology 2016, 63, 370–379. https://doi.org/10.1016/j.psyneuen.2015.10.011 

20. Black, C., & Miller, B. J. Meta-Analysis of Cytokines and Chemokines in Suicidality: Distinguishing Suicidal Versus Nonsuicidal 

Patients. Biol. Psychiatry 2015, 78(1), 28–37. https://doi.org/10.1016/j.biopsych.2014.10.014 

21. Fusar-Poli, L., Aguglia, A., Amerio, A., Orsolini, L., Salvi, V., Serafini, G., Volpe, U., Amore, M., & Aguglia, E. Peripheral BDNF 

levels in psychiatric patients with and without a history of suicide attempt: A systematic review and meta-analysis. Prog. Neu-

ropsychopharmacol. Biol. Psychiatry. 2021, 111, 110342. https://doi.org/10.1016/j.pnpbp.2021.110342 

22. Kimbrel, N. A., Ashley-Koch, A. E., Qin, X. J., Lindquist, J. H., Garrett, M. E., Dennis, M. F., Hair, L. P., Huffman, J. E., Jacobson, 

D. A., Madduri, R. K., Trafton, J. A., Coon, H., Docherty, A. R., Kang, J., Mullins, N., Ruderfer, D. M., VA Million Veteran 

Program (MVP), MVP Suicide Exemplar Workgroup, International Suicide Genetics Consortium, Harvey, P. D., … Beckham, J. 

C. A genome-wide association study of suicide attempts in the million veterans program identifies evidence of pan-ancestry 

and ancestry-specific risk loci. Mol. Psychiatry 2022, 27(4), 2264–2272. https://doi.org/10.1038/s41380-022-01472-3 

23. Jimenez-Treviño, L., Blasco-Fontecilla, H., Braquehais, M. D., Ceverino-Dominguez, A., & Baca-Garcia, E. Endophenotypes and 

suicide behaviour. Actas Esp. Psiquiatr. 2011, 39(1), 61–69.  

24. Eisenberger, N. I. The neural bases of social pain: evidence for shared representations with physical pain. Psychosom. Med. 2012, 

74(2), 126-135. https://doi.org/10.1097/PSY.0b013e3182464dd1 

25. Rotge, J. Y., Lemogne, C., Hinfray, S., Huguet, P., Grynszpan, O., Tartour, E., George, N., & Fossati, P. A meta-analysis of the 

anterior cingulate contribution to social pain. Soc. Cogn. Affect. Neurosci. 2015, 10(1), 19–27. https://doi.org/10.1093/scan/nsu110  

26. Eisenberger, N. I. The pain of social disconnection: examining the shared neural underpinnings of physical and social pain. Nat. 

Rev. Neurosci. 2012, 13(6), 421-434. https://doi.org/10.1038/nrn3231 

27. Panksepp, J. Social support and pain: how does the brain feel the ache of a broken heart? J. Cancer Pain Symptom Palliation 2005, 

1(1), 59-65. https://doi.org/10.3109/J427v01n01_08 

28. Nobile, B., Lutz, P-E., Olie, E., & Courtet, P. The role of opiates in social pain and suicidal behavior. Curr. Top. Behav. Neurosci. 

2020, 46, 197-210. https://doi.org/10.1007/7854_2020_167 

29. Hill, K. R., Hsu, D. T., Taylor, S. F., Ogden, R. T., DeLorenzo, C., & Parsey, R. V. Rejection sensitivity and mu opioid receptor 

dynamics associated with mood alterations in response to social feedback. Psychiatry Res. Neuroimaging 202, 324, 111505. 

https://doi.org/10.1016/j.pscychresns.2022.111505 

30. Sullivan, M. D., & Ballantyne, J. C. When Physical and Social Pain Coexist: Insights Into Opioid Therapy. Ann. Fam. Med. 

2021, 19(1), 79–82. https://doi.org/10.1370/afm.2591 

31. Preller, K. H., Pokorny, T., Hock, A., Kraehenmann, R., Stämpfli, P., Seifritz, E., Scheidegger, M., & Vollenweider, F. X. Effects 

of serotonin 2A/1A receptor stimulation on social exclusion processing. Proc. Natl. Acad. Sci. U. S. A. 2016, 113(18), 5119–5124. 

https://doi.org/10.1073/pnas.1524187113 

32. Tabak B. A. The pandemic should catalyze research on social pain: Examining oxytocin administration studies. Biol. Psychol. 

2022, 170, 108315. https://doi.org/10.1016/j.biopsycho.2022.108315 

33. Schneider, P., Pätz, M., Spanagel, R., & Schneider, M. Adolescent social rejection alters pain processing in a CB1 receptor de-

pendent manner. Eur. Neuropsychopharmacol. 2016, 26(7), 1201–1212. https://doi.org/10.1016/j.euroneuro.2016.04.007 

34. Eisenberger, N. I., Inagaki, T. K., Rameson, L. T., Mashal, N. M., & Irwin, M. R. An fMRI study of cytokine-induced depressed 

mood and social pain: the role of sex differences. Neuroimage 2009, 47(3), 881–890. https://doi.org/10.1016/j.neu-

roimage.2009.04.040 

35. Wager, T. D., Atlas, L. Y., Lindquist, M. A., Roy, M., Woo, C. W., & Kross, E. An fMRI-based neurologic signature of physical 

pain. N. Engl. J. Med. 2013, 368(15), 1388–1397. https://doi.org/10.1056/NEJMoa1204471 

36. Bonenberger, M., Plener, P. L., Groschwitz, R. C., Grön, G., & Abler, B. Polymorphism in the µ-opioid receptor gene (OPRM1) 

modulates neural processing of physical pain, social rejection and error processing. Exp. Brain. Res. 2015, 233(9), 2517–2526. 

https://doi.org/10.1007/s00221-015-4322-9 

37. Almeida, D., Fiori, L. M., Chen, G. G., Aouabed, Z., Lutz, P. E., Zhang, T. Y., Mechawar, N., Meaney, M. J., & Turecki, G. 

Oxytocin receptor expression and epigenetic regulation in the anterior cingulate cortex of individuals with a history of severe 

childhood abuse. Psychoneuroendocrinology 2022, 136, 105600. https://doi.org/10.1016/j.psyneuen.2021.105600 

38. Chester, D. S., Pond, R. S., Jr, Richman, S. B., & Dewall, C. N. The optimal calibration hypothesis: how life history modulates 

the brain's social pain network. Front. Evol. Neurosci. 2012, 4, 10. https://doi.org/10.3389/fnevo.2012.00010 

39. Eisenberger, N. I., & Lieberman, M. D. Why rejection hurts: a common neural alarm system for physical and social pain. Trends 

Cogn. Sci. 2004, 8(7), 294–300. https://doi.org/10.1016/j.tics.2004.05.010 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 July 2022                   doi:10.20944/preprints202207.0064.v1

https://doi.org/10.20944/preprints202207.0064.v1


 

 

40. McMillan F. D. The psychobiology of social pain: Evidence for a neurocognitive overlap with physical pain and welfare impli-

cations for social animals with special attention to the domestic dog (Canis familiaris). Physiol. Behav. 2016, 167, 154–171. 

https://doi.org/10.1016/j.physbeh.2016.09.013 

41. Macdonald, G., & Leary, M. R. Why does social exclusion hurt? The relationship between social and physical pain. Psychol. Bull. 

2005, 131(2), 202–223. https://doi.org/10.1037/0033-2909.131.2.202 

42. DeWall, C. N., Deckman, T., Pond, R. S., Jr, & Bonser, I. Belongingness as a core personality trait: how social exclusion influences 

social functioning and personality expression. J. Pers. 2011, 79(6), 1281–1314. https://doi.org/10.1111/j.1467-6494.2010.00695.x 

43. Rico-Uribe, L. A., Caballero, F. F., Martín-María, N., Cabello, M., Ayuso-Mateos, J. L., & Miret, M. Association of loneliness with 

all-cause mortality: A meta-analysis. PLoS One 2018,  13(1), e0190033. https://doi.org/10.1371/journal.pone.0190033 

44. Eisenberger, N.I. Identifying the neural correlates underlying social pain: Implications for developmental processes. Hum. Dev. 

2006, 49(5), 273-293. https://doi.org/10.1159/000095580 

45. Meier, I. M., van Honk, J., Bos, P. A., & Terburg, D. A mu-opioid feedback model of human social behavior. Neurosci. Biobehav. 

Rev. 2021, 121, 250–258. https://doi.org/10.1016/j.neubiorev.2020.12.013 

46. Shneidman E. S. Some controversies in suicidology: toward a mentalistic discipline. Suicide Life Threat. Behav. 1993, 23(4), 292–

298. 

47. Rizvi, S. J., Iskric, A., Calati, R., & Courtet, P. Psychological and physical pain as predictors of suicide risk: evidence from clinical 

and neuroimaging findings. Curr. Opin. Psychiatry 2017, 30(2), 159–167. https://doi.org/10.1097/YCO.0000000000000314 

48. Verrocchio, M. C., Carrozzino, D., Marchetti, D., Andreasson, K., Fulcheri, M., & Bech, P. Mental Pain and Suicide: A Systematic 

Review of the Literature. Front. Psychiatry 2016, 7, 108. https://doi.org/10.3389/fpsyt.2016.00108 

49. Meerwijk, E. L., Ford, J. M., & Weiss, S. J. Brain regions associated with psychological pain: implications for a neural network 

and its relationship to physical pain. Brain Imaging Behav. 2013, 7(1), 1–14. https://doi.org/10.1007/s11682-012-9179-y 

50. Onoda, K., Okamoto, Y., Nakashima, K., Nittono, H., Ura, M., & Yamawaki, S. Decreased ventral anterior cingulate cortex 

activity is associated with reduced social pain during emotional support. Soc. Neurosci. 2009, 4(5), 443–454. 

https://doi.org/10.1080/17470910902955884 

51. Bednarova, A., Hlavacova, N., & Pecenak, J. Analysis of Motives and Factors Connected to Suicidal Behavior in Patients Hos-

pitalized in a Psychiatric Department. Int. J. Environ. Res. Public Health 2022, 19(10), 6283. https://doi.org/10.3390/ijerph19106283 

52. Osafo, J., Akotia, C. S., Andoh-Arthur, J., & Quarshie, E. N. Attempted suicide in Ghana: motivation, stigma, and coping. Death 

Stud. 2015, 39(1-5), 274–280. https://doi.org/10.1080/07481187.2014.991955 

53. Kinkel-Ram, S. S., Kunstman, J., Hunger, J. M., & Smith, A. (2021). Examining the relation between discrimination and suicide 

among Black Americans: The role of social pain minimization and decreased bodily trust. Stigma Health 2021 [Advance online 

publication]. https://doi.org/10.1037/sah0000303 

54. Gunn, J. F., & Goldstein, S. E. Exploring the association between bullying victimization and suicidal thoughts through theoret-

ical frameworks of suicide. Int. J. Bullying Prev. 2021, 3(3), 213-226. https://doi.org/10.1007/s42380-020-00078-z 

55. Shiratori, Y., Tachikawa, H., Nemoto, K., Endo, G., Aiba, M., Matsui, Y., & Asada, T. Network analysis for motives in suicide 

cases: a cross-sectional study. Psychiatry Clin. Neurosci. 2014, 68(4), 299–307. https://doi.org/10.1111/pcn.12132 

56. Courtet, P., Olié, E. Social pain at the core of suicidal behavior. Encephale 2019, 45, S7–S12. https://doi.org/10.1016/j.en-

cep.2018.09.005 

57. Gunn J. F., III. The Social Pain Model. Crisis 2017, 38(5), 281–286. https://doi.org/10.1027/0227-5910/a000510 

58. Conejero, I., Jaussent, I., Cazals, A., Thouvenot, E., Mura, T., Le Bars, E., Guillaume, S., Squalli, S., Courtet, P., & Olié, E. Asso-

ciation between baseline pro-inflammatory cytokines and brain activation during social exclusion in patients with vulnerability 

to suicide and depressive disorder. Psychoneuroendocrinology 2019, 99, 236–242. https://doi.org/10.1016/j.psyneuen.2018.09.041 

59. Cáceda, R., James, G. A., Stowe, Z. N., Delgado, P. L., Kordsmeier, N., & Kilts, C. D. The neural correlates of low social integra-

tion as a risk factor for suicide. Eur. Arch. Psychiatry Clin. Neurosci. 2020, 270(5), 619–631. https://doi.org/10.1007/s00406-019-

00990-6 

60. Olié, E., Jollant, F., Deverdun, J., de Champfleur, N. M., Cyprien, F., Le Bars, E., Mura, T., Bonafé, A., & Courtet, P. The experi-

ence of social exclusion in women with a history of suicidal acts: a neuroimaging study. Sci. Rep. 2017, 7(1), 89. 

https://doi.org/10.1038/s41598-017-00211-x 

61. Hsu, D. T., Sanford, B. J., Meyers, K. K., Love, T. M., Hazlett, K. E., Wang, H., Ni, L., Walker, S. J., Mickey, B. J., Korycinski, S. 

T., Koeppe, R. A., Crocker, J. K., Langenecker, S. A., & Zubieta, J. K. Response of the µ-opioid system to social rejection and 

acceptance. Mol. Psychiatry 2013, 18(11), 1211–1217. https://doi.org/10.1038/mp.2013.96 

62. Way, B. M., Taylor, S. E., & Eisenberger, N. I. Variation in the mu-opioid receptor gene (OPRM1) is associated with dispositional 

and neural sensitivity to social rejection. Proc. Natl. Acad. Sci. U. S. A. 2009, 106(35), 15079–15084. 

https://doi.org/10.1073/pnas.0812612106 

63. Hishimoto, A., Cui, H., Mouri, K., Nushida, H., Ueno, Y., Maeda, K., & Shirakawa, O. A functional polymorphism of the µ-

opioid receptor gene is associated with completed suicides. J. Neural Transm. 2008, 115(3), 531–536. 

https://doi.org/10.1007/s00702-007-0853-y 

64. Nobile, B., Olie, E., Ramoz, N., Dubois, J., Guillaume, S., Gorwood, P., & Courtet, P. Association Between the A118G Polymor-

phism of the OPRM1 Gene and Suicidal Depression in a Large Cohort of Outpatients with Depression. Neuropsychiatr. Dis. Treat. 

2021, 17, 3109–3118. https://doi.org/10.2147/NDT.S324868 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 July 2022                   doi:10.20944/preprints202207.0064.v1

https://doi.org/10.20944/preprints202207.0064.v1


 

 

65. Lutz, P. E., Almeida, D., Filliol, D., Jollant, F., Kieffer, B. L., & Turecki, G. Increased functional coupling of the mu opioid receptor 

in the anterior insula of depressed individuals. Neuropsychopharmacology 2021, 46(5), 920–927. https://doi.org/10.1038/s41386-

021-00974-y 

66. Zalsman, G., Molcho, A., Huang, Y., Dwork, A., Li, S., & Mann, J. J. Postmortem mu-opioid receptor binding in suicide victims 

and controls. J. Neural Transm. 2005, 112(7), 949–954. https://doi.org/10.1007/s00702-004-0239-3 

67. Mueller, A. S., Abrutyn, S., Pescosolido, B., & Diefendorf, S. The Social Roots of Suicide: Theorizing How the External Social 

World Matters to Suicide and Suicide Prevention. Front. Psychol. 2021, 12, 621569. https://doi.org/10.3389/fpsyg.2021.621569 

68. Calati, R., Laglaoui Bakhiyi, C., Artero, S., Ilgen, M., & Courtet, P. The impact of physical pain on suicidal thoughts and behav-

iors: Meta-analyses. J. Psychiatr. Res. 2015, 71, 16–32. https://doi.org/10.1016/j.jpsychires.2015.09.004 

69. Landa, A., Peterson, B. S., & Fallon, B. A. Somatoform pain: a developmental theory and translational research review. Psycho-

som. Med. 2012, 74(7), 717–727. https://doi.org/10.1097/PSY.0b013e3182688e8b  

70. Sturgeon, J. A., & Zautra, A. J. Social pain and physical pain: shared paths to resilience. Pain Manag. 2016, 6(1), 63–74. 

https://doi.org/10.2217/pmt.15.56  

71. Devries, K. M., Mak, J. Y., Bacchus, L. J., Child, J. C., Falder, G., Petzold, M., Astbury, J., & Watts, C. H. Intimate partner violence 

and incident depressive symptoms and suicide attempts: a systematic review of longitudinal studies. PLoS Med. 2013, 10(5), 

e1001439. https://doi.org/10.1371/journal.pmed.1001439 

72. Hawton, K., Saunders, K., Topiwala, A., & Haw, C. Psychiatric disorders in patients presenting to hospital following self-harm: 

a systematic review. J. Affect. Disord. 2013, 151(3), 821–830. https://doi.org/10.1016/j.jad.2013.08.020 

73. Knipe, D., Williams, A. J., Hannam-Swain, S., Upton, S., Brown, K., Bandara, P., Chang, S. S., & Kapur, N. Psychiatric morbidity 

and suicidal behaviour in low- and middle-income countries: A systematic review and meta-analysis. PLoS Med. 2019, 16(10), 

e1002905. https://doi.org/10.1371/journal.pmed.1002905 

74. Hsu, D. T., Sanford, B. J., Meyers, K. K., Love, T. M., Hazlett, K. E., Walker, S. J., Mickey, B. J., Koeppe, R. A., Langenecker, S. 

A., & Zubieta, J. K. It still hurts: altered endogenous opioid activity in the brain during social rejection and acceptance in major 

depressive disorder. Mol. Psychiatry 2015, 20(2), 193–200. https://doi.org/10.1038/mp.2014.185 

75. Kroll, S. L., Williams, D. P., Thoma, M., Staib, M., Binz, T. M., Baumgartner, M. R., Kirschbaum, C., Thayer, J. F., & Quednow, 

B. B. Non-medical prescription opioid users exhibit dysfunctional physiological stress responses to social rejection. Psychoneu-

roendocrinology 2019, 100, 264–275. https://doi.org/10.1016/j.psyneuen.2018.09.023 

76. Bungert, M., Koppe, G., Niedtfeld, I., Vollstädt-Klein, S., Schmahl, C., Lis, S., & Bohus, M. Pain Processing after Social Exclusion 

and Its Relation to Rejection Sensitivity in Borderline Personality Disorder. PLoS One 2015, 10(8), e0133693. 

https://doi.org/10.1371/journal.pone.0133693 

77. Helpman, L., Penso, J., Zagoory-Sharon, O., Feldman, R., & Gilboa-Schechtman, E. Endocrine and emotional response to exclu-

sion among women and men; cortisol, salivary alpha amylase, and mood. Anxiety Stress Coping 2017, 30(3), 253–263. 

https://doi.org/10.1080/10615806.2016.1269323 

78. Pieritz, K., Schäfer, S. J., Strahler, J., Rief, W., & Euteneuer, F. Chronic stress moderates the impact of social exclusion on pain 

tolerance: an experimental investigation. J. Pain Res. 2017, 10, 1155–1162. https://doi.org/10.2147/JPR.S129872 

79. Evans, S. C., Cooley, J. L., Blossom, J. B., Pederson, C. A., Tampke, E. C., & Fite, P. J. Examining ODD/ADHD Symptom Dimen-

sions as Predictors of Social, Emotional, and Academic Trajectories in Middle Childhood. J. Clin. Child. Adolesc. Psychol. 

2020, 49(6), 912–929. https://doi.org/10.1080/15374416.2019.1644645  

80. Chester, D. S., Lynam, D. R., Milich, R., & DeWall, C. N. Social rejection magnifies impulsive behavior among individuals with 

greater negative urgency: An experimental test of urgency theory. J. Exp. Psychol. Gen. 2017, 146(7), 962–967. 

https://doi.org/10.1037/xge0000308 

81. Mann, J. J., & Rizk, M. M. A brain-centric model of suicidal behavior. Am. J. Psychiatry 2020, 177, 902-916. 

https://doi.org/10.1176/appi.ajp.2020.20081224  

82. van Praag H. M. Why has the antidepressant era not shown a significant drop in suicide rates?. Crisis 2002, 23(2), 77–82. 

https://doi.org/10.1027//0227-5910.23.2.77 

83. Amendola, S., Plöderl, M., & Hengartner, M. P. Did the introduction and increased prescribing of antidepressants lead to 

changes in long-term trends of suicide rates? Eur. J. Public Health 2021, 31(2), 291–297. https://doi.org/10.1093/eurpub/ckaa204 

84. Kaminski, J. A., & Bschor, T. Antidepressants and suicidality: A re-analysis of the re-analysis. J. Affect. Disord. 2020, 266, 95–99. 

https://doi.org/10.1016/j.jad.2020.01.107 

85. Ghavidel-Parsa, B., Bidari, A., Rahimi, A., Gharibpoor, F., & Khosousi, M. J. No effect of approved fibromyalgia drugs on the 

social pain (invalidation) contrary to physical pain: an open-label short-term randomized clinical trial. Clin. Rheumatol. 

2022, 41(1), 245–254. https://doi.org/10.1007/s10067-021-05890-6  

86. Kumar, P., Waiter, G. D., Dubois, M., Milders, M., Reid, I., & Steele, J. D. Increased neural response to social rejection in major 

depression. Depress. Anxiety 2017, 34(11), 1049–1056. https://doi.org/10.1002/da.22665 

87. Nobile, B., Ramoz, N., Jaussent, I., Gorwood, P., Olié, E., Castroman, J. L., Guillaume, S., & Courtet, P. Polymorphism A118G of 

opioid receptor mu 1 (OPRM1) is associated with emergence of suicidal ideation at antidepressant onset in a large naturalistic 

cohort of depressed outpatients. Sci. Rep. 2019, 9(1), 2569. https://doi.org/10.1038/s41598-019-39622-3 

88. Weinsanto, I., Mouheiche, J., Laux-Biehlmann, A., Aouad, M., Maduna, T., Petit-Demoulière, N., Chavant, V., Poisbeau, P., 

Darbon, P., Charlet, A., Giersch, A., Parat, M. O., & Goumon, Y. Lithium reverses mechanical allodynia through a mu opioid-

dependent mechanism. Mol. Pain 2018, 14, 1744806917754142. https://doi.org/10.1177/1744806917754142 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 July 2022                   doi:10.20944/preprints202207.0064.v1

https://doi.org/10.20944/preprints202207.0064.v1


 

 

89. Olianas, M. C., Dedoni, S., Ambu, R., & Onali, P. (2009). Agonist activity of N-desmethylclozapine at delta-opioid receptors of 

human frontal cortex. Eur. J. Pharmacol. 2009, 607(1-3), 96–101. https://doi.org/10.1016/j.ejphar.2009.02.025 

90. Thorn, B. E. Putting the brain to work in cognitive-behavioral therapy for chronic pain. Pain 2020, 161(S1), S27-S35. 

https://doi.org/10.1097/j.pain.0000000000001839 

91. Bao, S., Qiao, M., Lu, Y., & Jiang, Y. Neuroimaging mechanism of cognitive behavioral therapy in pain management. Pain Res. 

Manag. 2022, 2022, 6266619. https://doi.org/10.1155/2022/6266619 

92. Striebel, J. M., & Kalapatapu, R.K. The anti-suicidal potential of buprenorphine: a case report. Int. J. Psychiatry Med. 2014, 47(2), 

169-174. https://doi.org/10.2190/PM.47.2.g 

93. Ilgen, M. A., Bohnert, A., Ganoczy, D., Bair, M. J., McCarthy, J. F., & Blow, F. C. Opioid dose and risk of suicide. Pain 2016, 157(5), 

1079–1084. https://doi.org/10.1097/j.pain.0000000000000484 

94. Oliva, E. M., Bowe, T., Manhapra, A., Kertesz, S., Hah, J. M., Henderson, P., Robinson, A., Paik, M., Sandbrink, F., Gordon, A. 

J., & Trafton, J. A. (2020). Associations between stopping prescriptions for opioids, length of opioid treatment, and overdose or 

suicide deaths in US veterans: observational evaluation. BMJ 2020, 368, m283. https://doi.org/10.1136/bmj.m283 

95. Coplan, P. M., Sessler, N. E., Harikrishnan, V., Singh, R., & Perkel, C. Comparison of abuse, suspected suicidal intent, and 

fatalities related to the 7-day buprenorphine transdermal patch versus other opioid analgesics in the National Poison Data 

System. Postgrad. Med. 2017, 129(1), 55–61. https://doi.org/10.1080/00325481.2017.1269596 

96. Yovell, Y., Bar, G., Mashiah, M., Baruch, Y., Briskman, I., Asherov, J., Lotan, A., Rigbi, A., & Panksepp, J. Ultra-Low-Dose Bu-

prenorphine as a Time-Limited Treatment for Severe Suicidal Ideation: A Randomized Controlled Trial. Am. J. Psychiatry 

2016, 173(5), 491–498. https://doi.org/10.1176/appi.ajp.2015.15040535 

97. Ahmadi, J., Jahromi, M. S., & Ehsaei, Z. The effectiveness of different singly administered high doses of buprenorphine in re-

ducing suicidal ideation in acutely depressed people with co-morbid opiate dependence: a randomized, double-blind, clinical 

trial. Trials 2018, 19(1), 462. https://doi.org/10.1186/s13063-018-2843-9 

98. Cameron, C. M., Nieto, S., Bosler, L., Wong, M., Bishop, I., Mooney, L., & Cahill, C. M. Mechanisms Underlying the Anti-Suicidal 

Treatment Potential of Buprenorphine.  Adv. Drug Alcohol Res. 2021, 1, 10009. https://doi.org/10.3389/adar.2021.10009 

99. Ma, Y., Qin, G. H., Guo, X., Hao, N., Shi, Y., Li, H. F., Zhao, X., Li, J. G., Zhang, C., & Zhang, Y. Activation of δ-opioid Receptors 

in Anterior Cingulate Cortex Alleviates Affective Pain in Rats. Neuroscience 2022, 494, 152–166. Advance online publication. 

https://doi.org/10.1016/j.neuroscience.2022.05.008 

100. Clayden, R. C., Zaruk, A., Meyre, D., Thabane, L., & Samaan, Z. The association of attempted suicide with genetic variants in 

the SLC6A4 and TPH genes depends on the definition of suicidal behavior: a systematic review and meta-analysis. Transl. Psy-

chiatry 2012, 2(10), e166. https://doi.org/10.1038/tp.2012.96 

101. Siegel, J. Z., & Crockett, M. J. How serotonin shapes moral judgment and behavior. Ann. N. Y. Acad. Sci. 2013, 1299(1), 42–51. 

https://doi.org/10.1111/nyas.12229  

102. Kiser, D., Steemers, B., Branchi, I., & Homberg, J. R. The reciprocal interaction between serotonin and social behaviour. Neurosci. 

Biobehav. Rev. 2012, 36(2), 786–798. https://doi.org/10.1016/j.neubiorev.2011.12.009 

103. Meneses, A., & Liy-Salmeron, G. Serotonin and emotion, learning and memory. Rev. Neurosci. 2012, 23(5-6), 543–553. 

https://doi.org/10.1515/revneuro-2012-0060 

104. Kroeze, W. K., Kristiansen, K., & Roth, B. L. Molecular biology of serotonin receptors structure and function at the molecular 

level. Curr. Top. Med. Chem. 2002, 2(6), 507–528. https://doi.org/10.2174/1568026023393796 

105. Fakhoury M. Revisiting the Serotonin Hypothesis: Implications for Major Depressive Disorders. Mol. Neurobiol. 2016, 53(5), 

2778–2786. https://doi.org/10.1007/s12035-015-9152-z 

106. Kim, Y., Carver, C. S., Hallmayer, J. F., Zeitzer, J. M., Palesh, O., Neri, E., Nouriani, B., & Spiegel, D. Serotonin transporter 

polymorphism, depressive symptoms, and emotional impulsivity among advanced breast cancer patients. Support. Care Cancer 

2018, 26(4), 1181–1188. https://doi.org/10.1007/s00520-017-3940-0  

107. Luo, S., Yu, D., & Han, S. Genetic and neural correlates of romantic relationship satisfaction. Soc. Cogn. Affect. Neurosci. 

2016, 11(2), 337–348. https://doi.org/10.1093/scan/nsv117 

108. Van Hedger, K., Bershad, A. K., & de Wit, H. Pharmacological challenge studies with acute psychosocial stress. Psychoneuroen-

docrinology 2017, 85, 123–133. https://doi.org/10.1016/j.psyneuen.2017.08.020 

109. Hendricks, P. S., Thorne, C. B., Clark, C. B., Coombs, D. W., & Johnson, M. W. Classic psychedelic use is associated with reduced 

psychological distress and suicidality in the United States adult population. J. Psychopharmacol. 2015, 29(3), 280–288. 

https://doi.org/10.1177/0269881114565653 

110. Argento, E., Strathdee, S. A., Tupper, K., Braschel, M., Wood, E., & Shannon, K. Does psychedelic drug use reduce risk of 

suicidality? Evidence from a longitudinal community-based cohort of marginalised women in a Canadian setting. BMJ Open 

2017, 7(9), e016025. https://doi.org/10.1136/bmjopen-2017-016025 

111. Hendricks, P. S., Johnson, M. W., & Griffiths, R. R. Psilocybin, psychological distress, and suicidality. J. Psychopharmacol. 

2015, 29(9), 1041–1043. https://doi.org/10.1177/0269881115598338 

112. Yang, K. H., Han, B. H., & Palamar, J. J. Past-year hallucinogen use in relation to psychological distress, depression, and suicid-

ality among US adults. Addict. Behav. 2022, 132, 107343. https://doi.org/10.1016/j.addbeh.2022.107343 

113. Ross, S., Agin-Liebes, G., Lo, S., Zeifman, R. J., Ghazal, L., Benville, J., Franco Corso, S., Bjerre Real, C., Guss, J., Bossis, A., & 

Mennenga, S. E. Acute and Sustained Reductions in Loss of Meaning and Suicidal Ideation Following Psilocybin-Assisted Psy-

chotherapy for Psychiatric and Existential Distress in Life-Threatening Cancer. ACS Pharmacol. Transl. Sci. 2021, 4(2), 553–562. 

https://doi.org/10.1021/acsptsci.1c00020 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 July 2022                   doi:10.20944/preprints202207.0064.v1

https://doi.org/10.20944/preprints202207.0064.v1


 

 

114. Strumila, R., Nobile, B., Korsakova, L., Lengvenyte, A., Olie, E., Lopez-Castroman, J., Guillaume, S., & Courtet, P. Psilocybin, a 

Naturally Occurring Indoleamine Compound, Could Be Useful to Prevent Suicidal Behaviors. Pharmaceuticals 2021, 14(12), 1213. 

https://doi.org/10.3390/ph14121213 

115. Carbonaro, T. M., Bradstreet, M. P., Barrett, F. S., MacLean, K. A., Jesse, R., Johnson, M. W., & Griffiths, R. R. Survey study of 

challenging experiences after ingesting psilocybin mushrooms: Acute and enduring positive and negative consequences. J. Psy-

chopharmacol. 2016, 30(12), 1268–1278. https://doi.org/10.1177/0269881116662634 

116. Kalant H. The pharmacology and toxicology of "ecstasy" (MDMA) and related drugs. CMAJ 2001, 165(7), 917–928. 

117. Jones, G. M., & Nock, M. K. MDMA/ecstasy use and psilocybin use are associated with lowered odds of psychological distress 

and suicidal thoughts in a sample of US adults. J. Psychopharmacol 2022, 36(1), 46–56. https://doi.org/10.1177/02698811211058923 

118. Kamilar-Britt, P., & Bedi, G. The prosocial effects of 3,4-methylenedioxymethamphetamine (MDMA): Controlled studies in 

humans and laboratory animals. Neurosci. Biobehav. Rev. 2015, 57, 433–446. https://doi.org/10.1016/j.neubiorev.2015.08.016 

119. Mithoefer, M. C., Mithoefer, A. T., Feduccia, A. A., Jerome, L., Wagner, M., Wymer, J., Holland, J., Hamilton, S., Yazar-Klosinski, 

B., Emerson, A., & Doblin, R. 3,4-methylenedioxymethamphetamine (MDMA)-assisted psychotherapy for post-traumatic stress 

disorder in military veterans, firefighters, and police officers: a randomised, double-blind, dose-response, phase 2 clinical 

trial. Lancet Psychiatry 2018, 5(6), 486–497. https://doi.org/10.1016/S2215-0366(18)30135-4 

120. Kaye, S., Darke, S., & Duflou, J. Methylenedioxymethamphetamine (MDMA)-related fatalities in Australia: demographics, cir-

cumstances, toxicology and major organ pathology. Drug Alcohol Depend. 2009, 104(3), 254–261. https://doi.org/10.1016/j.dru-

galcdep.2009.05.016 

121. Costa, G., & Gołembiowska, K. Neurotoxicity of MDMA: Main effects and mechanisms. Exp. Neurol. 2022, 347, 113894. 

https://doi.org/10.1016/j.expneurol.2021.113894 

122. Zhou, Y., & Danbolt, N. C. Glutamate as a neurotransmitter in the healthy brain. J. Neural Transm. 2014, 121(8), 799–817. 

https://doi.org/10.1007/s00702-014-1180-8 

123. Archibald, J., MacMillan, E. L., Enzler, A., Jutzeler, C. R., Schweinhardt, P., & Kramer, J. Excitatory and inhibitory responses in 

the brain to experimental pain: A systematic review of MR spectroscopy studies. Neuroimage 2020, 215, 116794. 

https://doi.org/10.1016/j.neuroimage.2020.116794  

124. Peek, A. L., Rebbeck, T., Puts, N. A., Watson, J., Aguila, M. R., & Leaver, A. M. Brain GABA and glutamate levels across pain 

conditions: A systematic literature review and meta-analysis of 1H-MRS studies using the MRS-Q quality assessment tool. Neu-

roimage 2020, 210, 116532. https://doi.org/10.1016/j.neuroimage.2020.116532 

125. Garzón, J., Rodríguez-Muñoz, M., & Sánchez-Blázquez, P. Direct association of Mu-opioid and NMDA glutamate receptors 

supports their cross-regulation: molecular implications for opioid tolerance. Curr. Drug Abuse Rev. 2012, 5(3), 199–226. 

https://doi.org/10.2174/1874473711205030199 

126. Zhou, Q., & Sheng, M. NMDA receptors in nervous system diseases. Neuropharmacology 2013, 74, 69–75. 

https://doi.org/10.1016/j.neuropharm.2013.03.030 

127. Pereira, V., & Goudet, C. Emerging Trends in Pain Modulation by Metabotropic Glutamate Receptors. Front. Mol. Neurosci. 

2019, 11, 464. https://doi.org/10.3389/fnmol.2018.00464 

128. Suarez-Roca, H., Silva, J. A., Arcaya, J. L., Quintero, L., Maixner, W., & Pinerua-Shuhaibar, L. Role of mu-opioid and NMDA 

receptors in the development and maintenance of repeated swim stress-induced thermal hyperalgesia. Behav. Brain Res. 

2006, 167(2), 205–211. https://doi.org/10.1016/j.bbr.2005.09.006 

129. Kim, J., Kang, S., Choi, T. Y., Chang, K. A., & Koo, J. W. Metabotropic Glutamate Receptor 5 in Amygdala Target Neurons 

Regulates Susceptibility to Chronic Social Stress. Biol. Psychiatry 2022, Jan 25, S0006-3223(22)00028-2. https://doi.org/10.1016/j.bi-

opsych.2022.01.006 

130. García-Pardo, M. P., Miñarro, J., Llansola, M., Felipo, V., & Aguilar, M. A. Role of NMDA and AMPA glutamatergic receptors 

in the effects of social defeat on the rewarding properties of MDMA in mice. Eur. J. Neurosci. 2019, 50(3), 2623–2634. 

https://doi.org/10.1111/ejn.14190 

131. Lewis, C. P., Port, J. D., Blacker, C. J., Sonmez, A. I., Seewoo, B. J., Leffler, J. M., Frye, M. A., & Croarkin, P. E. Altered anterior 

cingulate glutamatergic metabolism in depressed adolescents with current suicidal ideation. Transl. Psychiatry 2020, 10(1), 119. 

https://doi.org/10.1038/s41398-020-0792-z 

132. Jimenez-Trevino, L., Gonzalez-Blanco, L., Alvarez-Vazquez, C., Rodriguez-Revuelta, J., & Saiz Martinez, P. A. Glutamine and 

New Pharmacological Targets to Treat Suicidal Ideation. Curr. Top. Behav. Neurosci. 2020, 46, 179–196. 

https://doi.org/10.1007/7854_2020_168 

133. Alnefeesi, Y., Chen-Li, D., Krane, E., Jawad, M. Y., Rodrigues, N. B., Ceban, F., Di Vincenzo, J. D., Meshkat, S., Ho, R., Gill, H., 

Teopiz, K. M., Cao, B., Lee, Y., McIntyre, R. S., & Rosenblat, J. D. Real-world effectiveness of ketamine in treatment-resistant 

depression: A systematic review & meta-analysis. J. Psychiatr. Res. 2022, 151, 693–709. 

https://doi.org/10.1016/j.jpsychires.2022.04.037 

134. Witt, K., Potts, J., Hubers, A., Grunebaum, M. F., Murrough, J. W., Loo, C., Cipriani, A., & Hawton, K. Ketamine for suicidal 

ideation in adults with psychiatric disorders: A systematic review and meta-analysis of treatment trials. Aust. N. Z. J. Psychiatry 

2020, 54(1), 29–45. https://doi.org/10.1177/0004867419883341 

135. Can, A. T., Hermens, D. F., Dutton, M., Gallay, C. C., Jensen, E., Jones, M., Scherman, J., Beaudequin, D. A., Yang, C., Schwenn, 

P. E., & Lagopoulos, J. Low dose oral ketamine treatment in chronic suicidality: An open-label pilot study. Transl. Psychiatry 

2021, 11(1), 101. https://doi.org/10.1038/s41398-021-01230-z 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 July 2022                   doi:10.20944/preprints202207.0064.v1

https://doi.org/10.20944/preprints202207.0064.v1


 

 

136. Gallay, C. C., Forsyth, G., Can, A. T., Dutton, M., Jamieson, D., Jensen, E., Hermens, D. F., Bennett, M. R., & Lagopoulos, J. Six-

week oral ketamine treatment for chronic suicidality is associated with increased grey matter volume. Psychiatry Res. Neuroim-

aging 2021, 317, 111369. https://doi.org/10.1016/j.pscychresns.2021.111369 

137. Williams, N. R., Heifets, B. D., Bentzley, B. S., Blasey, C., Sudheimer, K. D., Hawkins, J., Lyons, D. M., & Schatzberg, A. F. 

Attenuation of antidepressant and antisuicidal effects of ketamine by opioid receptor antagonism. Mol. Psychiatry 2019, 24(12), 

1779–1786. https://doi.org/10.1038/s41380-019-0503-4 

138. Le, T. T., Cordero, I. P., Jawad, M. Y., Swainson, J., Di Vincenzo, J. D., Jaberi, S., Phan, L., Lui, L., Ho, R., Rosenblat, J. D., & 

McIntyre, R. S. (2022). The abuse liability of ketamine: A scoping review of preclinical and clinical studies. J. Psychiatr. Res. 

2022, 151, 476–496. https://doi.org/10.1016/j.jpsychires.2022.04.035 

139. Valverde, A. P., Camargo, A., & Rodrigues, A. (2021). Agmatine as a novel candidate for rapid-onset antidepressant re-

sponse. World J. Psychiatry 2021, 11(11), 981–996. https://doi.org/10.5498/wjp.v11.i11.981 

140. Chen, G. G., Almeida, D., Fiori, L., & Turecki, G. Evidence of Reduced Agmatine Concentrations in the Cerebral Cortex of 

Suicides. Int. J. Neuropsychopharmacol. 2018, 21(10), 895–900. https://doi.org/10.1093/ijnp/pyy058 

141. Olescowicz, G., Neis, V. B., Fraga, D. B., Rosa, P. B., Azevedo, D. P., Melleu, F. F., Brocardo, P. S., Gil-Mohapel, J., & Rodrigues, 

A. Antidepressant and pro-neurogenic effects of agmatine in a mouse model of stress induced by chronic exposure to corti-

costerone. Prog. Neuropsychopharmacol. Biol. Psychiatry 2018, 81, 395–407. https://doi.org/10.1016/j.pnpbp.2017.08.017 

142. Mannekote Thippaiah, S., Iyengar, S. S., & Vinod, K. Y. Exo- and Endo-cannabinoids in Depressive and Suicidal Behav-

iors. Front. Psychiatry 2021, 12, 636228. https://doi.org/10.3389/fpsyt.2021.636228 

143. Ashton, C. H., & Moore, P. B. Endocannabinoid system dysfunction in mood and related disorders. Acta Psychiatr. Scand. 

2011, 124(4), 250–261. https://doi.org/10.1111/j.1600-0447.2011.01687.x 

144. Navarro, D., Gasparyan, A., Navarrete, F., Torregrosa, A. B., Rubio, G., Marín-Mayor, M., Acosta, G. B., Garcia-Gutiérrez, M. 

S., & Manzanares, J. Molecular Alterations of the Endocannabinoid System in Psychiatric Disorders. Int. J. Mol. Sci. 2022, 23(9), 

4764. https://doi.org/10.3390/ijms23094764 

145. Schneider, P., Pätz, M., Spanagel, R., & Schneider, M. (2016). Adolescent social rejection alters pain processing in a CB1 receptor 

dependent manner. Eur. Neuropsychopharmacol. 2016, 26(7), 1201–1212. https://doi.org/10.1016/j.euroneuro.2016.04.007 

146. Ostadhadi, S., Haj-Mirzaian, A., Nikoui, V., Kordjazy, N., & Dehpour, A. R. Involvement of opioid system in antidepressant-

like effect of the cannabinoid CB1 receptor inverse agonist AM-251 after physical stress in mice. Clin. Exp. Pharmacol. Physiol. 

2016, 43(2), 203–212. https://doi.org/10.1111/1440-1681.12518 

147. Hungund, B. L., Vinod, K. Y., Kassir, S. A., Basavarajappa, B. S., Yalamanchili, R., Cooper, T. B., Mann, J. J., & Arango, V. 

Upregulation of CB1 receptors and agonist-stimulated [35S]GTPgammaS binding in the prefrontal cortex of depressed suicide 

victims. Mol. Psychiatry 2004, 9(2), 184–190. https://doi.org/10.1038/sj.mp.4001376  

148. Mato, S., Pilar-Cuéllar, F., Valdizán, E. M., González-Maeso, J., Rodríguez-Puertas, R., Meana, J., Sallés, J., Crespo-Facorro, B., 

& Pazos, Á. Selective up-regulation of cannabinoid CB1 receptor coupling to Go-proteins in suicide victims with mood disor-

ders. Biochem. Pharmacol. 2018, 157, 258–265. https://doi.org/10.1016/j.bcp.2018.08.012 

149. Wilson, M., Gogulski, H. Y., Cuttler, C., Bigand, T. L., Oluwoye, O., Barbosa-Leiker, C., & Roberts, M. A. Cannabis use moder-

ates the relationship between pain and negative affect in adults with opioid use disorder. Addict. Behav. 2018, 77, 225–231. 

https://doi.org/10.1016/j.addbeh.2017.10.012 

150. Nielsen, S., Sabioni, P., Trigo, J. M., Ware, M. A., Betz-Stablein, B. D., Murnion, B., Lintzeris, N., Khor, K. E., Farrell, M., Smith, 

A., & Le Foll, B. Opioid-Sparing Effect of Cannabinoids: A Systematic Review and Meta-Analysis. Neuropsychopharmacology 

2017, 42(9), 1752–1765. https://doi.org/10.1038/npp.2017.51 

151. Colangeli, R., Teskey, G. C., & Di Giovanni, G. Endocannabinoid-serotonin systems interaction in health and disease. Prog. 

Brain. Res. 2021, 259, 83–134. https://doi.org/10.1016/bs.pbr.2021.01.003 

152. Morena, M., Patel, S., Bains, J. S., & Hill, M. N. Neurobiological Interactions Between Stress and the Endocannabinoid Sys-

tem. Neuropsychopharmacology 2016, 41(1), 80–102. https://doi.org/10.1038/npp.2015.166 

153. Ettaro, R., Laudermilk, L., Clark, S. D., & Maitra, R. Behavioral assessment of rimonabant under acute and chronic condi-

tions. Behav. Brain. Res. 2020, 390, 112697. https://doi.org/10.1016/j.bbr.2020.112697  

154. Lazary, J., Juhasz, G., Hunyady, L., & Bagdy, G. Personalized medicine can pave the way for the safe use of CB₁ receptor antag-

onists. Trends Pharmacol. Sci. 2011, 32(5), 270–280. https://doi.org/10.1016/j.tips.2011.02.013  

155. Nguyen, T., Thomas, B. F., & Zhang, Y. (2019). Overcoming the Psychiatric Side Effects of the Cannabinoid CB1 Receptor An-

tagonists: Current Approaches for Therapeutics Development. Curr. Top. Med. Chem. 2019, 19(16), 1418–1435. 

https://doi.org/10.2174/1568026619666190708164841 

156. Macdonald, K., & Macdonald, T. M. The peptide that binds: a systematic review of oxytocin and its prosocial effects in hu-

mans. Harv. Rev. Psychiatry 2010, 18(1), 1–21. https://doi.org/10.3109/10673220903523615 

157. Mitre, M., Minder, J., Morina, E. X., Chao, M. V., & Froemke, R. C. Oxytocin Modulation of Neural Circuits. Curr. Top. Behav. 

Neurosci. 2018, 35, 31–53. https://doi.org/10.1007/7854_2017_7 

158. Kovatsi, L., & Nikolaou, K. Opioids and the hormone oxytocin. Vitam. Horm. 2019, 111, 195–225. 

https://doi.org/10.1016/bs.vh.2019.05.003 

159. Okumura, T., Nozu, T., Kumei, S., & Ohhira, M. Central oxytocin signaling mediates the central orexin-induced visceral antino-

ciception through the opioid system in conscious rats. Physiol. Behav. 2019, 198, 96–101. 

https://doi.org/10.1016/j.physbeh.2018.10.007 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 July 2022                   doi:10.20944/preprints202207.0064.v1

https://doi.org/10.20944/preprints202207.0064.v1


 

 

160. Krimberg, J. S., Lumertz, F. S., Orso, R., Viola, T. W., & de Almeida, R. Impact of social isolation on the oxytocinergic system: A 

systematic review and meta-analysis of rodent data. Neurosci. Biobehav. Rev. 2022, 134, 104549. https://doi.org/10.1016/j.neubio-

rev.2022.104549 

161. Zhang, X., Li, P., Otieno, S., Li, H., & Leppänen, P. Oxytocin reduces romantic rejection-induced pain in online speed-dating as 

revealed by decreased frontal-midline theta oscillations. Psychoneuroendocrinology 2021, 133, 105411. 

https://doi.org/10.1016/j.psyneuen.2021.105411 

162. Auer, B. J., Byrd-Craven, J., Grant, D. M., & Granger, D. A. Common oxytocin receptor gene variant interacts with rejection 

sensitivity to influence cortisol reactivity during negative evaluation. Horm. Behav. 2015, 75, 64–69. 

https://doi.org/10.1016/j.yhbeh.2015.07.023  

163. Chu, C., Hammock, E., & Joiner, T. E. Unextracted plasma oxytocin levels decrease following in-laboratory social exclusion in 

young adults with a suicide attempt history. J. Psychiatr. Res. 2020, 121, 173–181. https://doi.org/10.1016/j.jpsychires.2019.11.015 

164. Jahangard, L., Shayganfard, M., Ghiasi, F., Salehi, I., Haghighi, M., Ahmadpanah, M., Sadeghi Bahmani, D., & Brand, S. (2020). 

Serum oxytocin concentrations in current and recent suicide survivors are lower than in healthy controls. J. Psychiatr. Res. 

2020, 128, 75–82. https://doi.org/10.1016/j.jpsychires.2020.05.014 

165. Jokinen, J., Chatzittofis, A., Hellström, C., Nordström, P., Uvnäs-Moberg, K., & Asberg, M. Low CSF oxytocin reflects high 

intent in suicide attempters. Psychoneuroendocrinology 2012, 37(4), 482–490. https://doi.org/10.1016/j.psyneuen.2011.07.016 

166. De Cagna, F., Fusar-Poli, L., Damiani, S., Rocchetti, M., Giovanna, G., Mori, A., Politi, P., & Brondino, N. The Role of Intranasal 

Oxytocin in Anxiety and Depressive Disorders: A Systematic Review of Randomized Controlled Trials. Clin. Psychopharmacol. 

Neurosci. 2019, 17(1), 1–11. https://doi.org/10.9758/cpn.2019.17.1.1  

167. Henningsson, S., Leknes, S., Asperholm, M., Eikemo, M., & Westberg, L. A randomized placebo-controlled intranasal oxytocin 

study on first impressions and reactions to social rejection. Biol. Pscychol. 2021, 164, 108164. https://doi.org/10.1016/j.biopsy-

cho.2021.108164  

168. Fang, A., Hoge, E. A., Heinrichs, M., & Hofmann, S. G. Attachment Style Moderates the Effects of Oxytocin on Social Behaviors 

and Cognitions During Social Rejection: Applying an RDoC Framework to Social Anxiety. Clin. Psychol. Sci. 2014, 2(6), 740–747. 

https://doi.org/10.1177/2167702614527948  

169. Radke, S., Jankowiak, K., Tops, S., Abel, T., Habel, U., & Derntl, B. Neurobiobehavioral responses to virtual social rejection in 

females-exploring the influence of oxytocin. Soc. Cogn. Affect. Neurosci. 2021, 16(3), 326–333. 

https://doi.org/10.1093/scan/nsaa168  

170. Quintana, D. S., Lischke, A., Grace, S., Scheele, D., Ma, Y., & Becker, B. Advances in the field of intranasal oxytocin research: 

lessons learned and future directions for clinical research. Mol. Psychiatry 2021, 26(1), 80–91. https://doi.org/10.1038/s41380-020-

00864-7  

171. Wang, Q., Roy, B., Turecki, G., Shelton, R. C., & Dwivedi, Y. Role of Complex Epigenetic Switching in Tumor Necrosis Factor-

α Upregulation in the Prefrontal Cortex of Suicide Subjects. Am. J. Psychiatry 2018, 175(3), 262–274. 

https://doi.org/10.1176/appi.ajp.2017.16070759 

172. Slavich, G. M., Way, B. M., Eisenberger, N. I., & Taylor, S. E. Neural sensitivity to social rejection is associated with inflammatory 

responses to social stress. Proc. Natl. Acad. Sci. U. S. A. 2010, 107(33), 14817–14822. https://doi.org/10.1073/pnas.1009164107 

173. Muscatell, K. A., Dedovic, K., Slavich, G. M., Jarcho, M. R., Breen, E. C., Bower, J. E., Irwin, M. R., & Eisenberger, N. I. Greater 

amygdala activity and dorsomedial prefrontal-amygdala coupling are associated with enhanced inflammatory responses to 

stress. Brain Behav. Immun. 2015, 43, 46–53. https://doi.org/10.1016/j.bbi.2014.06.201  

174. Arteaga-Henríquez, G., Simon, M. S., Burger, B., Weidinger, E., Wijkhuijs, A., Arolt, V., Birkenhager, T. K., Musil, R., Müller, 

N., & Drexhage, H. A. Low-Grade Inflammation as a Predictor of Antidepressant and Anti-Inflammatory Therapy Response in 

MDD Patients: A Systematic Review of the Literature in Combination With an Analysis of Experimental Data Collected in the 

EU-MOODINFLAME Consortium. Front. Psychiatry 2019, 10, 458. https://doi.org/10.3389/fpsyt.2019.00458  

175. Raison, C. L., Rutherford, R. E., Woolwine, B. J., Shuo, C., Schettler, P., Drake, D. F., Haroon, E., & Miller, A. H. A randomized 

controlled trial of the tumor necrosis factor antagonist infliximab for treatment-resistant depression: the role of baseline inflam-

matory biomarkers. JAMA Psychiatry 2013, 70(1), 31–41. https://doi.org/10.1001/2013.jamapsychiatry.4 

176. Maes, M., Anderson, G., Kubera, M., & Berk, M. Targeting classical IL-6 signalling or IL-6 trans-signalling in depression?. Expert 

Opin. Ther. Targets 2014, 18(5), 495–512. https://doi.org/10.1517/14728222.2014.888417 

177. Knight, J. M., Costanzo, E. S., Singh, S., Yin, Z., Szabo, A., Pawar, D. S., Hillard, C. J., Rizzo, J. D., D'Souza, A., Pasquini, M., Coe, 

C. L., Irwin, M. R., Raison, C. L., & Drobyski, W. R. The IL-6 antagonist tocilizumab is associated with worse depression and 

related symptoms in the medically ill. Transl. Psychiatry 2021, 11(1), 58. https://doi.org/10.1038/s41398-020-01164-y 

178. Dewall, C. N., Macdonald, G., Webster, G. D., Masten, C. L., Baumeister, R. F., Powell, C., Combs, D., Schurtz, D. R., Stillman, 

T. F., Tice, D. M., & Eisenberger, N. I. Acetaminophen reduces social pain: behavioral and neural evidence. Psychol. Sci. 2010, 

21(7), 931–937. https://doi.org/10.1177/0956797610374741 

179. Slavich, G. M., Shields, G. S., Deal, B. D., Gregory, A., & Toussaint, L. L. Alleviating Social Pain: A Double-Blind, Randomized, 

Placebo-Controlled Trial of Forgiveness and Acetaminophen. Ann. Behav. Med. 2019, 53(12), 1045–1054. 

https://doi.org/10.1093/abm/kaz015 

180. Chiurliza, B., & Joiner, T. E. The Influence of Acetaminophen and Observational Conditioning on the Acquired Capability for 

Suicide. Behav. Ther. 2018, 49(5), 681–690. https://doi.org/10.1016/j.beth.2017.12.009 

181. Ayoub S. S. Paracetamol (acetaminophen): A familiar drug with an unexplained mechanism of action. Temperature 2021, 8(4), 

351–371. https://doi.org/10.1080/23328940.2021.1886392 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 July 2022                   doi:10.20944/preprints202207.0064.v1

https://doi.org/10.20944/preprints202207.0064.v1


 

 

182. Zhao, J., Mo, L., Bi, R., He, Z., Chen, Y., Xu, F., Xie, H., & Zhang, D. The VLPFC versus the DLPFC in Downregulating Social 

Pain Using Reappraisal and Distraction Strategies. J. Neurosci. 2021, 41(6), 1331–1339. https://doi.org/10.1523/JNEUROSCI.1906-

20.2020 

183. Brown, C. H., Wyman, P. A., Brinales, J. M., & Gibbons, R. D. The role of randomized trials in testing interventions for the 

prevention of youth suicide. Int. Rev. Psychiatry 2007, 19(6), 617–631. https://doi.org/10.1080/09540260701797779 

184. Zalsman, G., Hawton, K., Wasserman, D., van Heeringen, K., Arensman, E., Sarchiapone, M., Carli, V., Höschl, C., Barzilay, R., 

Balazs, J., Purebl, G., Kahn, J. P., Sáiz, P. A., Lipsicas, C. B., Bobes, J., Cozman, D., Hegerl, U., & Zohar, J. Suicide prevention 

strategies revisited: 10-year systematic review. Lancet Psychiatry 2016, 3(7), 646–659. https://doi.org/10.1016/S2215-

0366(16)30030-X 

185. Shortreed, S. M., & Simon, G. E. Using predictive analytics to improve pragmatic trial design. Clin. Trials 2020, 17(4), 394–401. 

https://doi.org/10.1177/1740774520910367 

186. Wong, A., & Graudins, A. Risk prediction of hepatotoxicity in paracetamol poisoning. Clin. Toxicol. 2017, 55(8), 879–892. 

https://doi.org/10.1080/15563650.2017.1317349 

187. Martín Arias, L. H., Martín González, A., Sanz Fadrique, R., & Salgueiro Vázquez, E. Gastrointestinal safety of coxibs: systematic 

review and meta-analysis of observational studies on selective inhibitors of cyclo-oxygenase 2. Fundam. Clin. Pharmacol. 

2019, 33(2), 134–147. https://doi.org/10.1111/fcp.12430 

188. Singh, J. A., Wells, G. A., Christensen, R., Tanjong Ghogomu, E., Maxwell, L., Macdonald, J. K., Filippini, G., Skoetz, N., Francis, 

D., Lopes, L. C., Guyatt, G. H., Schmitt, J., La Mantia, L., Weberschock, T., Roos, J. F., Siebert, H., Hershan, S., Lunn, M. P., 

Tugwell, P., & Buchbinder, R. Adverse effects of biologics: a network meta-analysis and Cochrane overview. The Cochrane Da-

tabase Syst. Rev. 2011, 2011(2), CD008794. https://doi.org/10.1002/14651858.CD008794.pub2 

189. Mischkowski, D., Crocker, J., & Way, B. M. From painkiller to empathy killer: acetaminophen (paracetamol) reduces empathy 

for pain. Soc. Cogn. Affect. Neurosci. 2016, 11(9), 1345–1353. https://doi.org/10.1093/scan/nsw057 

190. Mischkowski, D., Crocker, J., & Way, B. M. A Social Analgesic? Acetaminophen (Paracetamol) Reduces Positive Empathy. Front. 

Psychol. 2019, 10, 538. https://doi.org/10.3389/fpsyg.2019.00538 

191. Meshkat, S., Rodrigues, N. B., Di Vincenzo, J. D., Ceban, F., Jaberi, S., McIntyre, R. S., Lui, L., & Rosenblat, J. D. Phar-

macogenomics of ketamine: A systematic review. J. Psychiatr. Res. 2021, 145, 27–34. Advance online publication. 

https://doi.org/10.1016/j.jpsychires.2021.11.036 

192. Vasupanrajit, A., Jirakran, K., Tunvirachaisakul, C., & Maes, M. Suicide attempts are associated with activated immune-inflam-

matory, nitro-oxidative, and neurotoxic pathways: A systematic review and meta-analysis. J. Affect. Disord. 2021, 295, 80–92. 

https://doi.org/10.1016/j.jad.2021.08.015 

193. Yovell, Y., & Bar, G. (2016). Ultra-Low-Dose Buprenorphine for Mental Pain: Response to Ruan et al. The American journal of 

psychiatry, 173(10), 1043–1044. https://doi.org/10.1176/appi.ajp.2016.16050512r 

194. O'Connor, R. C., & Portzky, G. Looking to the Future: A Synthesis of New Developments and Challenges in Suicide Research 

and Prevention. Front. Psychol. 2018, 9, 2139. https://doi.org/10.3389/fpsyg.2018.02139 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 July 2022                   doi:10.20944/preprints202207.0064.v1

https://doi.org/10.20944/preprints202207.0064.v1

