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Social cognition is a fundamental ability in human everyday lives. Deficits in social 
functioning also represent a core aspect of many psychiatric disorders. Yet, despite 
its significance, deficits in social cognition skills are insufficiently targeted by current 
treatments. Hallucinogens and entactogens have been shown to have the potential 
to modulate social processing. This article reviews the literature on the influence of 
hallucinogens and entactogens on social processing in controlled experimental studies 
in humans and elucidates the underlying neurobiological and neuropharmacological 
mechanisms. Furthermore, it identifies current knowledge gaps and derives implications 
for hallucinogen-assisted treatment approaches as well as the development of novel 
medication for trans-diagnostic impairments in social cognition.

Keywords: social cognition, psychedelics, serotonin, pharmacology, functional magnetic resonance imaging, 
emotions

INTRODUCTION
Humans are a social species (1). Social processes range from societal matters like politics, to more 
private every-day activities like being successful in a working environment, finding an apartment, 
romantic partnerships, and the use of virtual social networks. To be able to function in this social 
environment, we use capabilities which are subsumed under the term “social cognition” (2). Social 
cognition has been defined as mental processes through which we perceive, think about, and act 
toward other people (3). Critically, deficits in social functioning represent a core aspect and important 
diagnostic criterion of many—if not all—psychiatric disorders (4). Not only do difficulties in social 
interaction abilities increase the risk of developing a psychiatric disorder, but they also contribute to 
the maintenance or worsening of symptoms, as therapeutic processes as well as support seeking and 
re-integration into everyday activities, e.g., work-life, are social activities (4, 5). The importance of 
social cognition has also been recognized by the Research Domain Criteria (RDoC) initiative, which 
defines social processes as one of five trans-diagnostic dimensional constructs critical to human 
behavior and mental disorders (6–8). Yet, deficits in social cognition skills are insufficiently—if at 
all—targeted by current treatment approaches (9).

Hallucinogens are psychoactive substance which induce transient perceptual anomalies and an 
altered state of consciousness. The effect of entactogens is characterized by experiences of oneness 
and emotional openness. Entactogens as well as hallucinogens have been shown to successfully 
modulate social processing in rigorous scientific studies (10–12). This is important for two reasons 
(13): 1) In the search for novel medication for transdiagnostic social dysfunction in psychiatric 
disorders, these substances provide a powerful tool to increase our understanding of the neural 
mechanisms underlying social processing and behavior. Due to their well-investigated receptor 
pharmacology, in particular with regard to hallucinogens, they can identify novel targets for the 
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development of new therapeutics. 2) Given that drug development 
in psychiatry has stagnated for decades, new therapeutic models 
are urgently needed (14). Entactogens and hallucinogens 
have shown promising results in preliminary clinical trials in 
disorders also characterized by social impairments such as 
depression, anxiety, post-traumatic stress disorder (PTSD), and 
autism spectrum disorders (ASD) (15–19). These substances 
could, therefore, represent important adjuncts to psychotherapy 
in psychiatric  disorders.

The first part of this review focuses on the effects of 
hallucinogens and entactogens on social cognition in clinical 
populations (Modulation of Social Cognition in Clinical 
Populations). Acute Effects of Entactogens and Hallucinogens 
on Social Cognition in Healthy Volunteers reviews the acute 
effects of entactogens and hallucinogens on social cognition 
in healthy volunteers. Long-Lasting Effects in Healthy 
Participants provides a summary of long-lasting hallucinogen- 
and entactogen-induced effects on social cognition, and 
Neuropharmacological Underpinnings of Alterations in Social 
Cognition Induced by Hallucinogens and Entactogens explores 
the neuropharmacological basis of these modulatory effects. 
This chapter is particularly important for informing the 
development of novel therapeutics targeting socio-cognitive 
deficits in psychiatric disorders. Complimentary to the 
work reviewed here, there is a broad body of literature on 
the effects of these substances on social cognition in animals 
(20). However, these studies are beyond the scope of this 
review and so will not be discussed here. Furthermore, 
this review focuses on experimental and controlled studies 
in humans and will not include literature on survey data 
or studies completed with recreational drug users. This 
review mainly discusses effects induced by two entactogens, 
3,4-methylenedioxymethamphetamine (MDMA) and gamma-
hydroxybutyrate (GHB), and two hallucinogens, lysergic 
acid diethylamide (LSD) and psilocybin. GHB, sometimes 
also referred to as liquid ecstasy, has been associated with 
the group of entactogens (21). However, it is important to 
note that the neuropharmacological mechanisms underlying 
GHB’s psychotropic effects differ strongly from MDMA 
and serotonergic hallucinogens (22). Yet, given that GHB 
has been reported to be used recreationally for its prosocial 
effects, empirical studies on GHB are included in this review. 
Experimental research on the influence of other hallucinogens 
and entactogens on social functioning in humans is currently 
lacking and should be investigated in future studies.

MODULATION OF SOCIAL COGNITION IN 
CLINICAL POPULATIONS
Alterations in social processing may be important modulators 
of the clinical efficacy of entactogens and hallucinogens. 
MDMA-assisted psychotherapy has been shown to reduce social 
anxiety in autistic adults for up to 6 months after treatment 
(18). Twelve out of 19 PTSD patients interviewed 1 year 
after they had completed MDMA-assisted therapy reported 
enhanced relationships and social functioning as a benefit from 

participating in the treatment (23). The patients described 
increased empathy, communication with other people, and 
improved relationships with friends and family (23). These 
pro-social effects may be particularly important for preventing 
relapse and increasing the long-term success of MDMA-assisted 
therapy, since they may reduce social withdrawal and promote 
support seeking.

Recent preliminary studies on the efficacy of psilocybin 
in mood disorders and addiction have also shown promising 
results (16, 17, 24, 25). In an open-label pilot study, 12 out 
of 15 treatment-seeking smokers were nicotine abstinent 
6 months after two to three administrations of psilocybin 
(26). In a follow-up interview participants identified social 
factors, i.e., smoking as a way of connecting with other 
people, that contributed to their addiction and reported 
psilocybin-induced feelings of love and connection with 
their environment and other people as important for quitting 
smoking (27). Furthermore, some patients described engaging 
more in prosocial and altruistic activities after their psilocybin 
sessions (27), raising the possibility that psilocybin may 
have re-instated social reward processing helping patients to 
overcome their addiction.

Furthermore, psilocybin has been shown to have beneficial 
effects in an open-label feasibility study in patients suffering 
from treatment-resistant depression (16). Three months 
after treatment, patients showed increases in extraversion 
and openness scores (28). Furthermore, Lyons & Carhart-
Harris (29) reported a slight, but non-significant decrease in 
authoritarian political views in seven depressed patients 7–12 
months after treatment with psilocybin. In this study, objective 
tests of emotion recognition and processing were conducted. 
On the FERT, the speed of emotional face recognition was 
increased 1 week after psilocybin treatment, an effect that 
correlated with reduced anhedonia (30). In contrast to 
results obtained during the acute effects of psilocybin in 
healthy participants (see Empathy, Mentalizing, and Emotion 
Recognition), amygdala reactivity was increased in response 
to fearful faces in treatment-resistant depressed patients the 
morning after psilocybin administration (31). It is therefore 
possible that psilocybin facilitates the processing of negative 
experiences acutely via a reduction of amygdala reactivity, 
rendering them more accessible and bearable. This may lead 
to increased reactivity and emotional processing post-acutely. 
However, increased amygdala reactivity toward fearful faces 
was measured prior to any psychological integration work (31). 
Therefore, long-term effects of psilocybin on amygdala reactivity 
and its clinical relevance still need to be determined in future 
studies. Yet, the same patients reported that they experienced a 
sense of disconnection from others as particularly distressing 
before psilocybin-assisted treatment (32). After treatment, 
many reported to be able to “re-connect” with family members, 
friends, strangers, and even people who had wronged them. 
Patients identified this increased connection as one of two main 
change processes in relation to treatment (32), supporting the 
idea that the influence of hallucinogens on social cognition and 
behavior may be an important mechanism underlying their 
clinical efficacy.
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ACUTE EFFECTS OF ENTACTOGENS 
AND HALLUCINOGENS ON SOCIAL 
COGNITION IN HEALTHY vOLUNTEERS
Acutely, MDMA has been described as a prototypical entactogen 
and is recreationally used for its prosocial effects (20). It is 
also the substance most widely studied in relation to social 
perception. More recently, there has been growing interest the 
effects of hallucinogens, in particular LSD and psilocybin, 
on social cognition. Studies showed that, like MDMA, both 
psilocybin and LSD, significantly modulate social processing and 
have acute pro-social effects (11, 12, 33, 34). Recreationally, low 
doses of GHB have been reported to be used to increase sexual 
arousal (35).

Self-reported pro-social effects measured in scientific studies 
include increased trust and closeness to others. For example, after 
the administration of 1.5 mg/kg MDMA participants reported a 
significantly increased desire to engage in social activities (36), 
as well as increased pleasantness of affective social touch (37). 
When given the opportunity, MDMA participants also spent 
more time interacting with others, particularly after a low dose 
(0.5 mg/kg) (38). Furthermore, MDMA (125 mg) increased the 
subjective experience of being close to others and trusting others 
by approximately 25% during peak effects (10, 39). Increases in 
closeness and trust during peak effects after LSD administration 
(200 μg) have been shown to be in a similar range (33, 40). 

GHB (20 mg/kg) has been reported to increase the tendency to 
talk (41).

The following chapters provide a detailed overview of the 
acute effects of MDMA, GHB, psilocybin, and LSD on different 
objective measures of social cognition, including empathy, 
mentalizing, and emotion recognition, moral and altruistic 
behavior, social rejection sensitivity, social influence, sexual 
arousal and perception of romantic relationships, and social 
influence processing. A summary of the results is provided 
in Figure 1.

Empathy, Mentalizing, and 
Emotion Recognition
Empathy has been defined as the ability to vicariously experience 
and/or understand the affect of others, and is thought to be 
critical for prosocial behavior (42). Empathy is impaired in a 
number of psychiatric disorders, including depression, addiction, 
borderline personality disorder, and psychopathy (43–46). 
However, empathy is a multidimensional construct, comprising 
of both emotional and cognitive components (43). The emotional 
aspect of empathy describes a person’s emotional reaction to 
another’s emotional state, i.e., the ability to feel what another 
person feels (47). Cognitive empathy refers to the ability to take 
another person’s perspective and the understanding of another 
person’s mental state, without necessarily being in the same 
affective state (47). Thus, cognitive empathy strongly overlaps 

FIGURE 1 | Overview of social processes modulated by entactogens and hallucinogens. 1Measured with the Multifaceted Empathy Test. 2Only assessed after the 
administration of low doses (≤26 µg). 3Assessed in male participants only. 4In men and when directed toward friends, but not strangers.
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with the concepts of affective theory of mind, mentalizing, and 
emotion recognition (48).

Various tasks have been applied to study empathy after 
the administration of hallucinogens and entactogens. The 
Multifaceted Empathy Task [MET (49)] captures both, emotional 
and cognitive empathy. Participants are asked to rate emotional 
pictures on induced emotional concern and arousal (emotional 
empathy). Furthermore, participants are asked to identify the 
mental state the person depicted is in (cognitive empathy). 
Additionally, cognitive empathy has been assessed using tasks 
such as the Movie for the Assessment of Social Cognition 
(MASC), the Reading the Mind in the Eyes Task (RMET), as 
well as different versions of the Facial Emotion Recognition Task 
(FERT). The MASC is a video-based test of mentalizing and 
therefore represents the most ecologically valid test of cognitive 
empathy (50). The REMT, like the MET, requires participants to 
infer the mental state of a person in a photograph by choosing 
which of four words provided along with the picture describes 
best what the person in the picture is feeling. However, while the 
MET displays everyday life situations conveying information on 
emotional mental states via facial expression, body language, and 
context, the RMET focuses exclusively on the eye region. The 
FERT constitutes a further emotion recognition task. In most 
versions, different intensities of facial emotions are presented 
making it possible to calculate the intensity that is necessary for 
an emotion to be detected correctly, but unlike the MASC and 
MET does not depict whole sceneries.

Various studies have consistently shown that MDMA 
modulates emotional empathy, assessed using the MET (49). 
An overview of all results is presented in Table 1. One hundred 
twenty-five milligrams as well as 75 mg MDMA increased 
emotional empathy (10, 51, 52). In two studies this increase was 
particularly pronounced in response to positive stimuli and in 
male participants (10, 51). A third study did not find an influence 
of valence (52). A pooled analyses of these data confirmed the 
MDMA-induced increase in emotional empathy in particular 
for positive emotions, but did not find an influence of sex or 
trait empathy (62). However, one study, showed contrary results 
reporting no influence of 100 mg of MDMA on emotional 
empathy in male participants (53).

Like MDMA, LSD has been shown to increase emotional 
empathy, assessed with the MET. LSD dose-dependently 
increased emotional empathy with significant effects at 200 μg 
(33). In line with results obtained under the influence of MDMA, 
enhanced emotional empathy under LSD was not modulated by 
trait empathy (12). However, while the LSD-induced increase 
in emotional empathy was particularly pronounced for positive 
stimuli, the psilocybin-induced (0.215 mg/kg) increase in 
emotional empathy was shown to be independent of valence 
(12). In contrast to MDMA and LSD, GHB (20 mg/kg) was not 
shown to affect emotional empathy (41).

While the increase in emotional empathy after the 
administration of MDMA, psilocybin, and LSD is mostly 
consistent across studies and substances, their effect on cognitive 

TABLE 1 | Effects of entactogens and hallucinogens on empathy, mentalizing, and emotion recognition.

Drug Doses Emotional 
empathy

Cognitive empathy Emotion recognition References

MET MET MASC RMET FERT/
Affective 
Bias Task

Emotional 
face 

reactivity

MDMA 75 mg ↑1 – – – – 51, 52
MDMA 100 mg – – ↓2 53
MDMA 125 mg ↑1 – ↑↓3 ↓2 10, 39, 54
MDMA 0.75 mg/kg – – – 36, 37, 55, 56
MDMA 1.5 mg/kg – ↓2 ↑4 36, 37, 55, 56
GHB 20 mg/kg – – -– 41
Psilocybin 0.115 mg/kg ↓5 57
Psilocybin 0.160 mg/kg ↓6 58
Psilocybin 0.170 mg/kg ↓7 59
Psilocybin 0.215 mg/kg ↑ – ↓2 12, 60
LSD 100 μg – ↓ ↓2 ↓8 33, 61
LSD 200 μg ↑9 ↓ ↓2 33

1Predominantly in male participants and for positive stimuli.
2For negative emotions.
3Decreases for negative emotions, increases for positive emotions.
4Increased zygomatic (“smile”) muscle activity in response to happy facial expressions, increased visual attention to happy faces.
5Reduced response to negative emotions (EEG).
6Connectivity changes during negative and positive facial emotion processing (fMRI).
7Reduced neural response to negative and positive facial emotions (EEG).
8Reduced neural response to negative emotions (fMRI).
9For positive stimuliMET, Multifaceted Empathy Test; MASC, Movie for the Assessment of Social Cognition; FERT, Facial Emotion Recognition Task; empty cells indicate 
that this measure was not collected.
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empathy is less clear. Performance on the MASC has been studied 
after the administration of GHB (20 mg/kg), but did not reveal 
significant results (41). Similarly, MDMA (75 mg) administration 
did not induce significant modulations on the MASC (61). In 
line with this, MDMA (75, 100, & 125 mg), GHB (20 mg/kg), 
and psilocybin (0.215 mg/kg) did not affect cognitive empathy 
on the MET (10, 12, 51–53, 62). In contrast, LSD (100 and 200 
μg) decreased cognitive empathy on the MET (33). In line with 
results obtained with the MET, two studies did not find an effect of 
MDMA (0.75 mg/kg, 1.5 mg/kg, and 75 mg) on the RMET (52, 55). 
However, a third study reported that MDMA (125 mg) increased 
the recognition of positive and decreased the identification of 
negative emotions (54). Psilocybin (0.215 mg/kg) decreased the 
recognition of negative emotions on the RMET (60).

Testing the performance on the FERT, Schmid et al. (57) did 
not find any effects after the administration of 75 mg MDMA. 
However, a 100 mg dose of MDMA decreased the accuracy of 
identifying fear and anger on a similar task (53). Additionally, 
a 125 mg dose of MDMA impaired the identification of fearful 
faces (39) and of fearful, angry, and sad faces, particularly in 
women, in a second study (10). This is in line with further results 
showing that 1.5 mg/kg but not 0.75 mg/kg MDMA decreased the 
accuracy of fear recognition (55) and anger and fear recognition 
(36). Furthermore, Wardle and de Wit (56) reported that MDMA 
(1.5 mg/kg) increased the intensity required to identify anger. 
No effects were found for a lower dose (0.75 mg/kg) or other 
emotions including fearful facial expressions. In the same study, 
MDMA (1.5 mg/kg) reduced corrugator (“frown”) muscle activity 
to happy facial expressions in female participants and increased 
zygomatic (“smile”) muscle activity to happy facial expressions 
in all participants. No effects were found while viewing negative 
emotions (56). When presented with pairs of faces (one neutral 
face and one emotional expression face) 1.5 mg/kg, but not 0.75 
mg/kg MDMA, increased visual attention to happy faces, but not 
to negative emotions (37).

Emotion recognition has also been investigated after the 
administration of hallucinogens. Emotional face identification 
was not altered by small doses (“microdoses,” 6.5, 13, and 26 
μg) of LSD (63). However, psychedelic doses of LSD (100 and 
200 μg) impaired the recognition of fearful and sad faces on the 
FERT (33). In line with this, the administration of LSD (100 μg) 
reduced the neural response to fearful vs. neutral faces in the left 
amygdala and the right medial frontal cortex (61). Psilocybin 
(0.115 mg/kg) also reduced the subjective discrimination 
between fearful and neutral faces and the encoding of fearful 
faces measured with EEG expressed by reduced N170 responses 
(57). The processing of happy faces was not affected (57). 
However, after the administration of 0.170 mg/kg two time 
periods of psilocybin-induced modulation of emotional face 
processing were identified: during the 168–189 ms interval 
decreased activity in response to both neutral and fearful faces 
within limbic areas, including amygdala and parahippocampal 
gyrus, and the right temporal cortex was observed, and over 
the 211–242 ms interval reduced activity in response to happy 
faces within limbic and right temporo-occipital brain areas 
was observed (59). Investigating the effect of psilocybin (0.160 
mg/kg) during the discrimination of angry, happy, and fearful 

vs. neutral faces on amygdala seed-to-voxel connectivity via 
functional magnetic resonance imaging (fMRI) showed that 
psilocybin decreased the connectivity between the amygdala and 
the striatum during angry face discrimination. The connectivity 
between the amygdala and the frontal pole was decreased during 
happy face discrimination. No effect was observed during 
discrimination of fearful faces (58).

In sum, both hallucinogens and the entactogen MDMA, 
but not GHB, have been shown to acutely increase emotional 
empathy in controlled experimental trials. This effect seems to be 
more pronounced for positive emotions, in particular after the 
administration of MDMA. Cognitive empathy and mentalizing, 
i.e., the ability to correctly infer another person’s mental state, 
was mostly unchanged by hallucinogens and entactogens. 
Reduced emotional but preserved cognitive empathy has been 
reported in patients suffering from substance use disorders (46). 
Facilitating the reconnection with their social environment 
via increased emotional empathy may therefore contribute to 
clinical efficacy of hallucinogens shown in preliminary studies 
with addicted patients (24, 26). In contrast to psilocybin and 
MDMA, LSD decreased the correct interpretation of ecologically 
valid stimuli (33) and psilocybin decreased the ability to infer 
negative emotions from the eye region (60). In one study, MDMA 
decreased the decoding of negative emotions from the eye 
region, while at the same time increasing this ability for positive 
stimuli (54). These results are in line with reduced recognition 
and processing of predominantly negative emotional faces after 
the administration of higher doses of MDMA and at all doses 
tested (low-high) of psilocybin and LSD. The increased empathy 
for positive emotions and decreased recognition of negative 
emotions shown in these studies is in line with the interpretation 
by Bedi et al. (55) that a decreased ability to identify negative 
emotions might facilitate social approach behavior and thus 
social interaction. This effect might be clinically relevant, since it 
may reduce social withdrawal behavior and improve the patient-
therapist relationship during hallucinogen-assisted treatment. 
However, this hypothesis remains to be tested by future studies.

Moral and Altruistic Behavior
Moral and altruistic behaviors are fundamental for a 
functioning society (64). Despite its significance, to date the 
neuropharmacology of moral behavior has been scarcely 
investigated. Using moral dilemma tasks, it has been shown that 
neither MDMA (75 mg) nor psilocybin (0.215 mg/kg) influenced 
moral decision making (12, 51). However, no other studies have 
investigated the influence of hallucinogens or entactogens on 
moral behavior.

To understand the effects of hallucinogens and entactogens on 
altruistic behavior, most studies implemented resource allocation 
tasks. On the Social Value Orientation Test (SVO) participants 
act altruistically when choosing an option that maximizes the 
allocation for another person. While MDMA did not change 
behavior on the SVO when administered in a lower dose (75 
mg) (51), male participants made more altruistic choices after 
the administration of 125 mg MDMA (10). No effect was found 
for female participants, potentially because they already showed 
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high altruistic behavior following placebo administration (10). 
Another study employed a similar paradigm, the Welfare Trade-
Off Task, and reported that participants showed more altruistic 
behavior after the administration of 1 mg/kg MDMA, but only 
if the other person was a friend, not a stranger (65). This is in 
line with another study showing that MDMA (75 mg) did not 
influence trust or reciprocity during a Trust Game played with 
an unknown partner (52). However, the effects of MDMA on 
trust and reciprocity toward a close friend were not assessed 
in this study. Modulation of altruistic behavior after MDMA 
administration therefore seems to depend on dose, gender, and 
social proximity. Increased altruistic behavior on the SVO was 
also induced by LSD (100 and 200 μg, combined groups) (33). 
After GHB (20 mg/kg) administration, participants also showed 
more altruistic behavior on the SVO and a Charity Donation 
Task, but only after participants who scored high at baseline 
were excluded from the analysis (41). No effect was found for 
reciprocity during a Trust Game after GHB administration (41).

Investigating allocation behavior in more reciprocal tasks, 
Gabay et al. (66) showed that psilocybin (2 mg, i.v.) as well 
as MDMA (100 mg) reduced altruistic punishment, i.e., 
punishment of social norm violations which are costly to the 
self, in the Ultimatum Game in male participants. Furthermore, 
Gabay et al. (53) found that male participants behave more 
cooperatively when interacting with trustworthy partners and 
show greater recovery from breaches of trust during an iterated 
prisoner’s dilemma after the administration of MDMA (100 
mg). However, results on economic allocation games are often 
difficult to interpret, especially in studies investigating the 
effects of substances that induce altered states of consciousness. 
While data on reward sensitivity were collected in the MDMA 
condition, this was not the case for the psilocybin condition 
(66). It is conceivable that psilocybin may alter sensitivity to 
financial rewards, rendering the interpretation of allocation tasks 
involving monetary rewards more challenging.

In sum, hallucinogens and entactogens have been shown to 
increase altruistic behavior. However, it is important to bear in mind 
the following caveats: these substances may also alter sensitivity to 
financial rewards; increases in altruistic behavior may occur only in 
participants with low altruism at baseline; and finally increases in 
altruistic behavior may occur only when directed toward a friend. 
A summary is presented in Table 2. Even though the effects of 
hallucinogens and entactogens on prosocial behavior seem to be 
complex and dependent on factors such as social proximity and 
baseline altruism, they may be important within a therapeutic 
framework as increases in altruism may support reconnection with 
the patients’ social environment. In contrast to altruistic behavior, 
no effect has been found on moral decision making as measured 
with moral dilemma tasks. It is conceivable that hallucinogens 
and entactogens do not impact moral behavior, yet it is also 
possible that higher doses are needed to change moral decision 
making. Additionally, it is noteworthy that moral dilemmas often 
include violent and negative actions and outcomes. Yet, it has 
been shown that hallucinogens reduce the processing of negative 
stimuli. It is therefore possible that moral dilemmas were less 
salient after psilocybin administration. Lastly, post-acute effects of 
hallucinogens and entactogens have not been examined yet. It may 
be possible that changes in moral behavior only occur post-acutely.

Social Rejection Sensitivity
Increased sensitivity to social rejection and exclusion is observed 
in many psychiatric disorders (67–69). At the same time, 
psychiatric patients frequently encounter social rejection (70). 
Normalizing increased rejection sensitivity could therefore be 
clinically relevant to avoid being trapped in a vicious circle that 
ultimately leads to social withdrawal, reduced support, and the 
worsening of clinical symptoms.

A commonly used paradigm to investigate the reaction to 
social rejection is called “Cyberball.” This paradigm consists of 

TABLE 2 | Effects of entactogens and hallucinogens on moral and altruistic behavior.

Drug Doses Moral 
behavior

Altruistic behavior Reciprocity/trust References

Moral 
Dilemmas 

Task

Social 
value 

Orientation 
Test

welfare 
Trade-Off 

Task

Charity 
Donation 

Task

Ultimatum 
game

Trust 
game

Prisoner’s 
dilemma

MDMA 75 mg – – – 51, 52
MDMA 1 mg/kg ↑1 65
MDMA 100 mg ↑2 ↑2 53, 66
MDMA 125 mg ↑2 10
GHB 20 mg/kg ↑3 ↑3 – 41
Psilocybin 0.215 mg/kg – 12
Psilocybin 2 mg, i.v. ↑2 66
LSD 100 and 200 

µg
33

1Only toward friends, not strangers.
2Only in male participants.
3Only after participants were excluded who scored high at baseline 
empty cells indicate that this measure was not collected.
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an interactive virtual ball-tossing game that simulates a real-
life interactive experience of social exclusion (71). While in the 
beginning participants are usually equally involved in the game, 
one player is eventually excluded. In most studies, the participants 
themselves are the ones who are excluded and therefore rejected 
by the other players, which reliably induces feelings of “social 
pain” (72).

MDMA (0.75 and 1.5 mg/kg) has been shown to reduce the 
effect of social rejection on self-reported lower mood and self-
esteem. The higher dose of MDMA (1.5 mg/kg) additionally 
increased the perceived percentage of throws received in the 
rejection condition (73). However, no modulatory effects of 
MDMA (75 mg/kg) on the reaction to social exclusion were found 
when only one of three players was excluding the participant (52). 
Social exclusion often leads to social stress (74). Yet, MDMA (0.5 
and 1.0 mg/kg) did not alter the response to social stress in the 
Trier Social Stress Test (75).

The effect of LSD on social rejection induced by the 
Cyberball game has so far only been tested with very low doses 
(“microdoses”). Bershad et la. (63) (in press) reported that 
6.5, 13, and 26 μg did not modulate the perceived number of 
received ball throws or influenced mood responses to rejection. 
Preller et al. (11) combined the Cyberball paradigm with fMRI 
and MRS measurements to study the effects of psilocybin on 
social rejection processing. After psilocybin (0.215 mg/kg) 
administration, participants reported a reduced feeling of social 
exclusion, while at the same time no significant differences were 
found between placebo and psilocybin with regard to perceived 
number of received ball throws. Furthermore, the neural 
response to social exclusion was decreased in the dorsal anterior 
cingulate cortex and the middle frontal gyrus, key regions for 
social pain processing. This reduction in the “social pain signal” 
was significantly correlated with decreased aspartate content. 
Furthermore, it correlated with psilocybin-induced alterations 
in self-processing, i.e., experience of unity (11). This is in line 
with a study showing that hallucinogen-induced alterations 
in self-processing and social cognition are intertwined (34). 
Such findings may be of particular interest in the treatment of 
psychiatric disorders characterized by an increased self-focus 
like depression (76). Hallucinogen-induced alterations in self-
processing such as the experience of unity may reduce self-focus 
and concurrently improve social functioning.

In sum, psilocybin has been shown to attenuate the processing 
of negative stimuli which extends to negative social interaction 
(11, 77). While participants under the influence of psilocybin 
were able to correctly guess the number of received ball throws 
indicating that they were fully aware of being excluded, their 
self-reported emotional response was decreased in line with 
a reduction in the “social pain signal” in the anterior cingulate 
cortex (11). However, MDMA reduced self-reported negative 
effects of social exclusion, but also increased perceived ball throws, 
potentially indicating reduced awareness of social exclusion (73). 
It is therefore possible that both substances reduce the processing 
of social rejection via different mechanisms. It is also conceivable 
that reducing rejection sensitivity is critically involved in the 
potential therapeutic effects of entactogens and hallucinogens, in 
particular with respect to therapist–patient interaction. However, 

this hypothesis has not yet been tested in clinical populations. 
Finally, the effects of entactogens and hallucinogens on social 
rejection processing other than psilocybin and MDMA still need 
to be investigated in future studies.

Sexual Arousal and Perception of 
Romantic Relationships
Engaging in romantic relationships and sexual behavior is an 
intimate social process and disturbances of close inter-personal 
relationships are prominent in psychiatric disorders (78). Yet, 
only a few neuropsychopharmacological studies have so far 
explored this aspect of social cognition. To date, no studies have 
experimentally investigated how hallucinogens influence sexual 
arousal or the perception of romantic relationships. Studies on 
the effects of entactogens on these processes are more common. 
After the administration of MDMA (125 mg), participants 
reported increased sexual arousal and desire (39). Furthermore, 
participants used more sexual and social words when discussing 
a close personal relationship after the administration of 1.5 mg/
kg MDMA (79). On the Sexual Arousal Task, a computerized task 
presenting neutral as well as implicit and explicit sexual pictures, 
participants treated with MDMA (75 mg) sought to increase the 
presentation time of implicit sexual stimuli, however they did 
not report alterations in sexual arousal while viewing the images 
(80). Furthermore, no effect was found on the evaluation of 
romantic relationships of others (80) or on attractiveness ratings 
(36). Together, these results suggest only subtle, subjective 
effects of MDMA on sexual arousal and perception of intimate 
relationships, but may reflect an increased willingness to disclose 
personal information (79).

GHB has been reported to have pronounced effects on self-
reported sexual arousal (81). In an experimental setting, GHB 
(20 and 35 mg/kg) dose-independently increased self-reported 
sexual arousal and desire (82). Furthermore, participants 
reported more sexual arousal while viewing erotic as well as 
neutral stimuli (82). Together, these results point to a prosexual 
effect specific for GHB. However, more research is needed to also 
determine the effects of hallucinogens on sexual arousal and the 
perception of intimate relationships.

Social Influence Processing
Very little research has been conducted to investigate the effect 
of hallucinogens and entactogens on suggestibility and social 
influence processing, despite the fact that it is highly relevant 
for therapeutic interaction. So far, only two studies have 
been conducted, both investigating the influence of LSD on 
suggestibility (83, 84). The first study, which was limited by a small 
sample of 10 healthy volunteers, showed that LSD (40–80 μg, i.v.) 
enhances suggestibility on the Creative Imagination Scale, while 
Cued Imagery remained unaffected (83). A second study showed 
that LSD (100 μg, p.o) increases adaptation to opinions expressed 
by a norm group, but only if those opinions were not too different 
from the participants own (84). Furthermore, this study showed 
that increases in blood oxygen level-dependent signal in medial 
prefrontal regions were associated with altered social feedback 
processing. It is therefore conceivable that hallucinogens influence 
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how participants process social feedback and how they integrate 
this feedback to subsequently make decisions. This finding 
has direct clinical relevance for therapists working with these 
substances within the framework of hallucinogen-assisted 
therapy. Furthermore, the impact of alterations in social feedback 
processing in a clinical setting should be evaluated and therapists 
trained accordingly.

LONG-LASTING EFFECTS IN HEALTHY 
PARTICIPANTS
While it has repeatedly been shown that hallucinogens 
increase the personality trait openness (85, 86), experimental 
studies investigating the long-term effects of entactogens and 
hallucinogens on social cognition and behavior remain scarce.

It has been reported that recreational MDMA users showed 
increased cognitive, but not emotional, empathy compared 
to controls on the MET and the MASC (87, 88). Furthermore, 
they exhibited less-self-serving behavior on a money allocation 
task played with a stranger (87). Interestingly, these social 
functions were not influenced by acute administration of 
MDMA in controlled studies (10, 51, 52). However, cross-
sectional investigations in recreational drug users have to 
be interpreted with caution as they do not allow for causal 
inference. It is therefore possible that MDMA has post-acute 
positive effects on cognitive empathy and altruistic behavior, but 
it is also conceivable that people with high cognitive empathy 
and prosocial motivation are more prone to recreationally 
use MDMA. To test these hypotheses, the long-term effects of 
MDMA on social cognition in healthy individuals need to be 
investigated in future experimental and controlled studies.

Self-reported increases in interpersonal closeness and 
positive/altruistic social effects were reported 1, 2, 6, and 14 
months after one and two administrations of psilocybin (89–92). 
Self-reported increases in positive/altruistic social effects were 
also shown 12 months after the administration of LSD in healthy 
participants (93). However, the personality trait openness was 
not influenced by LSD administration in this study (93).

Objective data on the long-term effects of hallucinogens on 
social processes is still scarce. Mason et al. (94) reported that 
emotional empathy on the MET was increased the morning after 
a psilocybin retreat. This increase was still significant after seven 
days, but only for negative emotions. Given the lack of further 
data on objective long-term effects, future studies are needed to 
evaluate whether hallucinogens and entactogens have a lasting 
impact on social processes.

NEUROPHARMACOLOGICAL 
UNDERPINNINGS OF ALTERATIONS 
IN SOCIAL COGNITION INDUCED BY 
HALLUCINOGENS AND ENTACTOGENS
Understanding the neuropharmacological underpinnings of 
alterations in social cognition induced by hallucinogens and 
entactogens is vital to accelerate the development of novel 

medication for transdiagnostic social dysfunction in psychiatric 
disorders. MDMA, GHB, psilocybin, and LSD engage with 
various targets in the brain. To assess the neuropharmacological 
mechanisms underlying the prosocial effects of these substances, 
studies have investigated the neuroendocrinology after drug 
administration, the effects of these substances after blocking 
specific receptors or transporters, and have compared the effects 
between substances with different mechanisms of action.

MDMA interacts with numerous transporters and receptors 
in the brain. It releases 5-HT, NE, and, to a lower extent, DA 
from nerve terminals via action on monoamine transporters, 
and increases plasma levels of oxytocin, prolactin, and cortisol 
(10). MDMA is also a low-potency partial agonist of 5-HT 
receptors (95–97). GHB has direct agonist effects on GHB- 
and GABAB-receptors and neuromodulatory properties on 
glutamate, dopamine, serotonin, norepinephrine, and cholinergic 
transmission (22). Furthermore, GHB has been shown to increase 
plasma progesterone, but not oxytocin or testosterone levels (41).

Molecular studies have shown that the psychoactive metabolite 
of psilocybin, psilocin, binds to various serotonin receptors (PDSP 
database: https://pdsp.unc.edu/databases/kidb.php). Psilocin has 
high affinity and agonist activity on the 5-HT2A receptor and this 
receptor subtype is critically implicated in psilocybin-induced 
effects (98). Additionally, recent evidence in humans also 
suggests the involvement of the 5-HT1A receptor in  mediating 
the effects of psilocybin (99). LSD has predominantly agonist 
activity at 5-HT2A/C, −1A/B, −6, and −7 and dopamine D2 and 
D1 receptors. Administering the 5-HT2A receptor antagonist 
ketanserin before LSD administration has been shown to block 
LSD-induced effects, implicating activity on this receptor as vital 
for its effects (100).

To date, only few studies have investigated the pharmacology 
of MDMA-induced alterations in social cognition via blocking 
specific receptors. Kuypers et al. (52) showed that the mixed 
beta-adrenoreceptor blocker/5-HT1A antagonist pindolol did 
not block MDMA-induced increases in emotional empathy. A 
further study showed that neither duloxetine, which inhibits 
MDMA-induced monoamine transporter-dependent serotonin 
and norepinephrine release, reboxetine, which inhibits MDMA-
induced norepinephrine release, nor clonidine, which inhibits 
MDMA-induced transporter-independent vesicular release of 
norepinephrine, blocked the observed increases in decoding 
accuracy for positive and impaired decoding accuracy for 
negative stimuli on the RMET after MDMA administration (54). 
However, duloxetine was most effective in reducing the acute 
subjective MDMA effects, implicating the serotonin system as a 
key mechanism of action (54). This is in line with results reported 
by Kuypers et al. (101) showing that an MDMA-induced 
reduction of arousal in response to negative sounds was blocked 
by the 5-HT2A receptor antagonist ketanserin.

The neuropeptide oxytocin has repeatedly, although not 
unanimously, been related to social behavior (102). Therefore, 
MDMA-induced increases in oxytocin levels are another 
candidate mechanism potentially underlying MDMA’s prosocial 
effects. However, so far, no study investigating the relationship 
between MDMA-induced effects and oxytocin plasma levels has 
found significant correlations with regard to social processing 
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and behavior. For example, increases in emotional empathy, 
impaired identification of negative emotions, enhanced decoding 
of positive facial expressions, and increased altruistic choices 
after MDMA administration were not related to oxytocin plasma 
levels or other neuroendocrine effects (10, 51, 52, 54). In line 
with this, comparing the effects of MDMA directly with oxytocin 
showed differential effects of the two substances. Kuypers 
et al. (52) investigated the effects of MDMA and oxytocin in a 
within-subject design and reported that while MDMA increased 
emotional empathy, oxytocin did not affect measures of empathy 
or other social cognitive outcomes. A further study reported that, 
in contrast to MDMA, intranasal oxytocin enhanced recognition 
of negative emotional faces (36). Additionally, only modest 
correlations between the effects of MDMA and oxytocin in the 
same individuals were found. The effects of MDMA (1.5 mg/kg) 
on social cognition were also substantially more pronounced 
than the ones induced by oxytocin (40 IU) (36). Together, these 
results provide limited support for the hypothesis that increases 
in oxytocin levels underlie the prosocial effects of MDMA. This 
is in contrast to animal studies indicating that oxytocin plays an 
important role in MDMA-related social effects (103, 104). Being 
beyond the scope of the current review, future work should 
address these discrepancies between human and animal data.

Additionally, a number of studies have compared the 
effects of MDMA with other amphetamines as well as with 
modafinil. These studies indicated that MDMA has a different 
effect profile than other amphetamines. In contrast to MDMA, 
methylphenidate and modafinil increased misclassifications 
of emotions as angry on the FERT while MDMA increased 
misclassifications as happy (39). This is in line with another 
study showing that methylphenidate, but not MDMA, increased 
ratings of sexual arousal for explicit sexual stimuli (80). Neither 
MDMA nor methylphenidate altered appraisal of romantic 
relationships (80). Furthermore, methylphenidate lacked the 
empathy enhancing properties of MDMA (51). When compared 
with methamphetamine, Bershad et al. (37) showed that MDMA, 
but not methamphetamine, enhanced ratings of pleasantness 
of experienced affective touch and increased attention toward 
happy faces. These results indicate that the dopaminergic system, 
but not serotonergic neurotransmission may be involved in 
enhancing sexual drive, whereas the serotonin system may be 
involved in increasing empathy.

To illuminate the pharmacology of GHB-induced prosocial 
effects, one study investigated the relationship between 
GHB-induced alterations in outcomes on social tasks and 
neuroendocrine effects (41). No correlations were found between 
GHB-induced neuroendocrine effects and social behavior, but 
low progesterone levels at baseline were predictive of altruistic 
behavior on the SVO and a Charity Donation Task after GHB 
administration. This indicates that GHB induced prosocial 
behavior specifically in individuals with low progesterone 
levels (41).

Hallucinogens have been reported to exert their prosocial 
effects predominantly via agonism at the 5-HT2A receptor and 
potentially in parallel with downstream effects on aspartate 
metabolism (11). Decreased recognition of negative emotions 
induced by psilocybin on the RMET was blocked by pretreatment 

with the 5-HT2A receptor antagonist ketanserin (51). In line with 
this, LSD-induced effects on joint attention processing, self/other 
differentiation, and social influence processing were blocked by 
ketanserin (34, 84). Comparing the effects of psilocybin to those of 
the N-methyl-d-aspartate receptor antagonist ketamine, Schmidt 
et al. (57) reported differential effects, with psilocybin reducing 
the processing of negative faces, whereas ketamine induced an 
emotional blunting characterized by reduced encoding of both, 
negative and positive facial expressions.

Given these pharmacological results as well as the similarity 
of effects induced by MDMA and hallucinogens, it is conceivable 
that prosocial effects, in particular increased empathy and 
altruistic behavior, are modulated by a common mechanism, 
namely 5-HT2A receptor stimulation. However, the functional 
and modulatory contribution of other receptors stimulated by 
these substances is scarcely investigated, in particular with regard 
to hallucinogens. Additional studies are needed that investigate 
the role of these receptor systems by selectively blocking them 
to comprehensively uncover the neuropharmacology underlying 
hallucinogen-induced modulations of social cognition. GHB 
which targets mainly GHB and GABAB receptors has a different 
effect profile implicating these receptors together with the 
dopamine system in prosexual effects. It has to be noted that 
entactogens and hallucinogens are not the only psychoactive 
substances that modulate social cognitive functioning. For 
example, alcohol has been reported to facilitate social interaction 
(105). While this is beyond the scope of the current review, 
the differential effects hallucinogens, entactogens, and other 
psychoactive substances should be discussed in future articles to 
systematically increase our understanding of the pharmacology 
of social cognition.

CONCLUSION
The current literature on experimental and controlled 
investigations of the influence of hallucinogens and entactogens 
shows that these substances are potent modulators of social 
cognition and behavior. While MDMA is recreationally used for 
its prosocial effects, this review shows that hallucinogens such as 
LSD and psilocybin similarly impact social cognitive measures. 
GHB, however, has been shown to have predominantly prosexual 
effects and may therefore not be classified as a typical entactogen. 
As described in detail in Neuropharmacological Underpinnings 
of Alterations in Social Cognition Induced by Hallucinogens and 
Entactogens, agonism on the 5-HT2A receptor may be a common 
mechanism of classic hallucinogens and MDMA which underlies 
their prosocial effects. This is particularly important for the 
development of highly needed novel therapeutics targeting 
social deficits in psychiatric patients. Furthermore, these results 
implicate alterations in social processing as key mechanisms 
for the efficacy of psilocybin- and MDMA-assisted therapeutic 
approaches. In addiction disorders, the reinstatement of social 
reward processing may support reductions in drug intake and 
help overcome addiction. In anxiety and mood disorders, MDMA 
and hallucinogens may promote re-connection with patients’ 
social environment as well as support seeking and reductions 
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in social withdrawal. Acutely, MDMA and hallucinogens may 
also enhance the patient-therapist relationship. Thus, it is vital 
that therapists working with MDMA and hallucinogens are 
aware of the acute effects of these substances on social cognition, 
including potential increases in suggestibility.

Despite recent efforts to elucidate the effects of hallucinogens 
and entactogens on social cognition, major knowledge gaps 
remain. Studies specifically investigating the dose-dependency 
of modulations in social cognition induced by hallucinogens and 
entactogens are still scarce, in particular regarding psilocybin. 
LSD and MDMA have shown some dose-dependent effects on 
empathy and altruistic behavior (10, 33, 51), indicating that robust 
modulations are measurable at doses of 100 mg MDMA/100µg 
LSD and above. Controlled studies on very low doses, so-called 
“microdoses,” are still rare. Bershad et al. (63) did not find an 
effect of doses <30 µg LSD on social rejection sensitivity and 
emotional face identification. Further studies investigating dose-
dependency in within-subject designs are needed. Furthermore, 
the impact of hallucinogens other than LSD and psilocybin on 
social cognition has not yet been investigated. Sex-specific effects 
are poorly understood. It has been shown that MDMA enhances 
emotional empathy predominantly in male participants (10). 
Furthermore, altruistic behavior after psilocybin administration 
was only investigated in males (66). Despite their potential clinical 
relevance, further systematic investigations into sex-specific 

drug effects are lacking. Data on effects after the acute phase 
of substance action are often missing. The neural mechanisms 
underlying changes in social cognition after administration 
of hallucinogens and entactogens are poorly understood. 
Differential effects of specific receptor systems targeted by these 
substances need to be investigated. Objective data on social 
behavior within the framework of MDMA- and hallucinogen-
assisted therapy are still lacking. Studies on entactogens and 
hallucinogens have consistently shown prosocial effects and have 
identified alterations in social processing and behavior as key 
factors for the efficacy of treatments involving these substances. 
Thus, investigating these questions is a promising way to increase 
our mechanistic, neuropharmacological understanding of social 
processes, advance the development of novel therapeutics, and to 
uncover the full potential of these substances in clinical contexts.

AUTHOR CONTRIBUTIONS
KP has written the manuscript. FV has revised the manuscript.

FUNDING
KP and FV are financially supported by grants from the Heffter 
Research Institute and the Swiss Neuromatrix Foundation.

REFERENCES
 1. Young SN. The neurobiology of human social behaviour: an important but 

neglected topic. J Psychiatry Neurosci (2008) 33:391–2.
 2. Kennedy DP, Adolphs R. The social brain in psychiatric and neurological 

disorders. Trends Cognit Sci (2012) 16:559–72. doi: 10.1016/j.tics.2012.09.006
 3. Amodio DM. Social Cognition 2.0: An Interactive Memory Systems 

Account. Trends Cognit Sci (2018) 23:21–33. doi: 10.1016/j.tics.2018.10.002
 4. Schilbach L. Towards a second-person neuropsychiatry. Philos Trans R Soc 

Lond B Biol Sci (2016) 371:20150081. doi: 10.1098/rstb.2015.0081
 5. Preller KH, Herdener M, Schilbach L, Stampfli P, Hulka LM, Vonmoos M, 

et al. Functional changes of the reward system underlie blunted response to 
social gaze in cocaine users. Proc Natl Acad Sci U.S.A. (2014a) 111:2842–7. 
doi: 10.1073/pnas.1317090111

 6. Insel T, Cuthbert B, Garvey M, Heinssen R, Pine DS, Quinn K, et al. Research 
domain criteria (RDoC): toward a new classification framework for research 
on mental disorders. Am J Psychiatry (2010) 167:748–51. doi: 10.1176/appi.
ajp.2010.09091379

 7. Insel TR, Cuthbert BN. Brain disorders? Precisely Sci (2015) 348:499–500. 
doi: 10.1126/science.aab2358

 8. Gur RC, Gur RE. Social cognition as an RDoC domain. Am J Med Genet B 
Neuropsychiatr Genet (2016) 171B:132–41. doi: 10.1002/ajmg.b.32394

 9. Millan MJ, Agid Y, Brune M, Bullmore ET, Carter CS, Clayton NS, et al. 
Cognitive dysfunction in psychiatric disorders: characteristics, causes and 
the quest for improved therapy. Nat Rev Drug Discovery (2012) 11:141–68. 
doi: 10.1038/nrd3628

 10. Hysek CM, Schmid Y, Simmler LD, Domes G, Heinrichs M, Eisenegger C, 
et  al. MDMA enhances emotional empathy and prosocial behavior. Soc 
Cognit Affect Neurosci (2014) 9:1645–52. doi: 10.1093/scan/nst161

 11. Preller KH, Pokorny T, Hock A, Kraehenmann R, Stampfli P, Seifritz E, et al. 
Effects of serotonin 2A/1A receptor stimulation on social exclusion processing. 
Proc Natl Acad Sci U.S.A. (2016) 113:5119–24. doi: 10.1073/pnas.1524187113

 12. Pokorny T, Preller KH, Kometer M, Dziobek I, Vollenweider FX. 
Effect of Psilocybin on Empathy and Moral Decision-Making. Int J 
Neuropsychopharmacol (2017) 20:747–57. doi: 10.1093/ijnp/pyx047

 13. Heifets BD, Malenka RC. MDMA as a Probe and Treatment for Social 
Behaviors. Cell (2016) 166:269–72. doi: 10.1016/j.cell.2016.06.045

 14. Miller G. Is Pharma Running Out of Brainy Ideas? Science (2010) 329:502–4. 
doi: 10.1126/science.329.5991.502

 15. Gasser P, Holstein D, Michel Y, Doblin R, Yazar-Klosinski B, Passie T, et al. 
Safety and efficacy of lysergic acid diethylamide-assisted psychotherapy for 
anxiety associated with life-threatening diseases. J Nerv Ment Dis (2014) 
202:513–20. doi: 10.1097/NMD.0000000000000113

 16. Carhart-Harris RL, Bolstridge M, Rucker J, Day CM, Erritzoe D, Kaelen M, 
et  al. Psilocybin with psychological support for treatment-resistant 
depression: an open-label feasibility study. Lancet Psychiatry (2016a) 3:619–
27. doi: 10.1016/S2215-0366(16)30065-7

 17. Griffiths RR, Johnson MW, Carducci MA, Umbricht A, Richards WA, 
Richards BD, et al. Psilocybin produces substantial and sustained decreases 
in depression and anxiety in patients with life-threatening cancer: a 
randomized double-blind trial. J Psychopharmacol (2016) 30:1181–97. doi: 
10.1177/0269881116675513

 18. Danforth AL, Grob CS, Struble C, Feduccia AA, Walker N, Jerome L, 
et al. Reduction in social anxiety after MDMA-assisted psychotherapy 
with autistic adults: a randomized, double-blind, placebo-controlled 
pilot study. Psychopharmacol (Berl) (2018) 235:3137–48. doi: 10.1007/
s00213-018-5010-9

 19. Mithoefer MC, Mithoefer AT, Feduccia AA, Jerome L, Wagner M, 
Wymer J, et al. 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) 5:486–97. doi: 10.1016/
S2215-0366(18)30135-4

 20. Kamilar-Britt P, Bedi G. The prosocial effects of 3,4- 
methylenedioxymethamphetamine (MDMA): controlled studies in humans 
and laboratory animals. Neurosci Biobehavioral Rev (2015) 57:433–46. doi: 
10.1016/j.neubiorev.2015.08.016

 21. Karila L, Reynaud M. GHB and synthetic cathinones: clinical effects and 
potential consequences. Drug Testing Anal (2011) 3:552–9. doi: 10.1002/
dta.210

December 2019 | Volume 10 | Article 881Frontiers in Psychiatry | www.frontiersin.org

https://doi.org/10.1016/j.tics.2012.09.006
https://doi.org/10.1016/j.tics.2018.10.002
https://doi.org/10.1098/rstb.2015.0081
https://doi.org/10.1073/pnas.1317090111
https://doi.org/10.1176/appi.ajp.2010.09091379
https://doi.org/10.1176/appi.ajp.2010.09091379
https://doi.org/10.1126/science.aab2358
https://doi.org/10.1002/ajmg.b.32394
https://doi.org/10.1038/nrd3628
https://doi.org/10.1093/scan/nst161
https://doi.org/10.1073/pnas.1524187113
https://doi.org/10.1093/ijnp/pyx047
https://doi.org/10.1016/j.cell.2016.06.045
https://doi.org/10.1126/science.329.5991.502
https://doi.org/10.1097/NMD.0000000000000113
https://doi.org/10.1016/S2215-0366(16)30065-7
https://doi.org/10.1177/0269881116675513
https://doi.org/10.1007/s00213-018-5010-9
https://doi.org/10.1007/s00213-018-5010-9
https://doi.org/10.1016/S2215-0366(18)30135-4
https://doi.org/10.1016/S2215-0366(18)30135-4
https://doi.org/10.1016/j.neubiorev.2015.08.016
https://doi.org/10.1002/dta.210
https://doi.org/10.1002/dta.210
https://www.frontiersin.org/journals/psychiatry#articles
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org


Hallucinogens and Social CognitionPreller and Vollenweider

11

 22. Andresen H, Aydin BE, Mueller A, Iwersen-Bergmann S. An overview of 
gamma-hydroxybutyric acid: pharmacodynamics, pharmacokinetics, toxic 
effects, addiction, analytical methods, and interpretation of results. Drug Test 
Anal (2011) 3:560–8. doi: 10.1002/dta.254

 23. Barone W, Beck J, Mitsunaga-Whitten M, Perl P. Perceived Benefits of MDMA-
Assisted Psychotherapy beyond Symptom Reduction: Qualitative Follow-Up 
Study of a Clinical Trial for Individuals with Treatment-Resistant PTSD. J 
Psychoactive Drugs (2019) 51:199–208. doi: 10.1080/02791072.2019.1580805

 24. Bogenschutz MP, Forcehimes AA, Pommy JA, Wilcox CE, Barbosa PC, 
Strassman RJ. Psilocybin-assisted treatment for alcohol dependence: 
a proof-of-concept study. J Psychopharmacol (2015) 29:289–99. doi: 
10.1177/0269881114565144

 25. Ross S, Bossis A, Guss J, Agin-Liebes G, Malone T, Cohen B, et al. Rapid and 
sustained symptom reduction following psilocybin treatment for anxiety and 
depression in patients with life-threatening cancer: a randomized controlled 
trial. J Psychopharmacol (2016) 30:1165–80. doi: 10.1177/0269881116675512

 26. Johnson MW, Garcia-Romeu A, Cosimano MP, Griffiths RR. Pilot study 
of the 5-HT2AR agonist psilocybin in the treatment of tobacco addiction. 
J Psychopharmacol (2014) 28:983–92. doi: 10.1177/0269881114548296

 27. Noorani T, Garcia-Romeu A, Swift TC, Griffiths RR, Johnson MW. Psychedelic 
therapy for smoking cessation: qualitative analysis of participant accounts. 
J Psychopharmacol (2018) 32:756–69. doi: 10.1177/0269881118780612

 28. Erritzoe D, Roseman L, Nour MM, Maclean K, Kaelen M, Nutt DJ, et al. 
Effects of psilocybin therapy on personality structure. Acta Psychiatr Scand 
(2018) 138:368–78. doi: 10.1111/acps.12904

 29. Lyons T, Carhart-Harris RL. Increased nature relatedness and 
decreased authoritarian political views after psilocybin for treatment-
resistant depression. J Psychopharmacol (2018) 32:811–9. doi: 
10.1177/0269881117748902

 30. Stroud JB, Freeman TP, Leech R, Hindocha C, Lawn W, Nutt DJ, et al. 
Psilocybin with psychological support improves emotional face recognition 
in treatment-resistant depression. Psychopharmacol (Berl) (2018) 235:459–
66. doi: 10.1007/s00213-017-4754-y

 31. Roseman L, Demetriou L, Wall MB, Nutt DJ, Carhart-Harris RL. Increased 
amygdala responses to emotional faces after psilocybin for treatment-
resistant depression. Neuropharmacology (2018) 142:263–9. doi: 10.1016/j.
neuropharm.2017.12.041

 32. Watts R, Day C, Krzanowski J, Nutt D, Carhart-Harris R. Patients’ Accounts 
of Increased “Connectedness” and “Acceptance” After Psilocybin for 
Treatment-Resistant Depression. J Humanist Psychol (2017) 57:520–64. doi: 
10.1177/0022167817709585

 33. Dolder PC, Schmid Y, Muller F, Borgwardt S, Liechti ME. LSD acutely 
impairs fear recognition and enhances emotional empathy and sociality. 
Neuropsychopharmacology (2016) 41:2638–46. doi: 10.1038/npp.2016.82

 34. Preller KH, Schilbach L, Pokorny T, Flemming J, Seifritz E, Vollenweider FX. 
Role of the 5-HT2A Receptor in Self- and Other-Initiated Social Interaction in 
Lysergic Acid Diethylamide-Induced States: A Pharmacological fMRI Study. 
J Neurosci (2018b) 38:3603–11. doi: 10.1523/JNEUROSCI.1939-17.2018

 35. Bosch OG, Seifritz E. The behavioural profile of gamma-hydroxybutyrate, 
gamma-butyrolactone and 1,4-butanediol in humans. Brain Res Bull (2016) 
126:47–60. doi: 10.1016/j.brainresbull.2016.02.002

 36. Kirkpatrick MG, Lee R, Wardle MC, Jacob S, De Wit H. Effects of 
MDMA and Intranasal Oxytocin on Social and Emotional Processing. 
Neuropsychopharmacology (2014) 39:1654–63. doi: 10.1038/npp.2014.12

 37. Bershad AK, Mayo LM, Van Hedger K, Mcglone F, Walker SC, De Wit H. 
Effects of MDMA on attention to positive social cues and pleasantness of 
affective touch. Neuropsychopharmacology (2019) 44:1698–705. doi: 10.1038/
s41386-019-0402-z

 38. Kirkpatrick MG, De Wit H. MDMA: a social drug in a social context. 
Psychopharmacology (2015) 232:1155–63. doi: 10.1007/s00213-014-3752-6

 39. Dolder PC, Muller F, Schmid Y, Borgwardt SJ, Liechti ME. Direct 
comparison of the acute subjective, emotional, autonomic, and endocrine 
effects of MDMA, methylphenidate, and modafinil in healthy subjects. 
Psychopharmacology (2018) 235:467–79. doi: 10.1007/s00213-017-4650-5

 40. Schmid Y, Enzler F, Gasser P, Grouzmann E, Preller KH, Vollenweider FX, 
et al. Acute Effects of Lysergic Acid Diethylamide in Healthy Subjects. Biol 
Psychiatry (2015a) 78:544–53. doi: 10.1016/j.biopsych.2014.11.015

 41. Bosch OG, Eisenegger C, Gertsch J, Von Rotz R, Dornbierer D, Gachet 
MS, et al. Gamma-hydroxybutyrate enhances mood and prosocial behavior 
without affecting plasma oxytocin and testosterone. Psychoneuroendocrinology 
(2015) 62:1–10. doi: 10.1016/j.psyneuen.2015.07.167

 42. Lockwood PL. The anatomy of empathy: vicarious experience and disorders 
of social cognition. Behav Brain Res (2016) 311:255–66. doi: 10.1016/j.
bbr.2016.05.048

 43. Blair RJR. Responding to the emotions of others: dissociating forms of 
empathy through the study of typical and psychiatric populations. Conscious 
Cogn (2005) 14:698–718. doi: 10.1016/j.concog.2005.06.004

 44. Cusi AM, Macqueen GM, Spreng RN, Mckinnon MC. Altered empathic 
responding in major depressive disorder: relation to symptom severity, 
illness burden, and psychosocial outcome. Psychiatry Res (2011) 188:231–6. 
doi: 10.1016/j.psychres.2011.04.013

 45. Dziobek I, Preissler S, Grozdanovic Z, Heuser I, Heekeren HR, Roepke S. 
Neuronal correlates of altered empathy and social cognition in borderline 
personality disorder (vol 57, 2011). Neuroimage (2012) 62:2174–4:pg 539. 
doi: 10.1016/j.neuroimage.2012.02.062

 46. Preller KH, Hulka LM, Vonmoos M, Jenni D, Baumgartner MR, Seifritz E, 
et al. Impaired emotional empathy and related social network deficits in 
cocaine users. Addict Biol (2014b) 19:452–66. doi: 10.1111/adb.12070

 47. Baron-Cohen S, Wheelwright S. The empathy quotient: an investigation of 
adults with Asperger syndrome or high functioning autism, and normal 
sex differences. J Autism Dev Disord (2004) 34:163–75. doi: 10.1023/B:J
ADD.0000022607.19833.00

 48. Frith U, Frith CD. Development and neurophysiology of mentalizing. Philos 
Trans R Soc B-Biol Sci (2003) 358:459–73. doi: 10.1098/rstb.2002.1218

 49. Dziobek I, Rogers K, Fleck S, Bahnemann M, Heekeren HR, Wolf OT, et al. 
Dissociation of cognitive and emotional empathy in adults with asperger 
syndrome using the multifaceted empathy test (MET). J Autism Dev Disord 
(2008) 38:464–73. doi: 10.1007/s10803-007-0486-x

 50. Dziobek I, Fleck S, Kalbe E, Rogers K, Hassenstab J, Brand M, et al. 
Introducing MASC: a movie for the assessment of social cognition. J Autism 
Dev Disord (2006) 36:623–36. doi: 10.1007/s10803-006-0107-0

 51. Schmid Y, Hysek CM, Simmler LD, Crockett MJ, Quednow BB, Liechti ME. 
Differential effects of MDMA and methylphenidate on social cognition. 
J Psychopharmacol (2014) 28:847–56. doi: 10.1177/0269881114542454

 52. Kuypers KPC, De La Torre R, Farre M, Yubero-Lahoz S, Dziobek I, Van Den 
Bos W, et al. No Evidence that MDMA-Induced Enhancement of Emotional 
Empathy Is Related to Peripheral Oxytocin Levels or 5-HT1a Receptor 
Activation. PloS One (2014) 9. doi: 10.1371/journal.pone.0100719

 53. Gabay AS, Kempton MJ, Gilleen J, Mehta MA. MDMA Increases Cooperation 
and Recruitment of Social Brain Areas When Playing Trustworthy Players in 
an Iterated Prisoner’s Dilemma. J Neurosci (2019) 39:307–20. doi: 10.1523/
JNEUROSCI.1276-18.2018

 54. Hysek CM, Domes G, Liechti ME. MDMA enhances “mind reading” 
of positive emotions and impairs “mind reading” of negative 
emotions. Psychopharmacology (2012) 222:293–302. doi: 10.1007/
s00213-012-2645-9

 55. Bedi G, Hyman D, De Wit H. Is Ecstasy an “Empathogen”? Effects of 
+/- 3,4-Methylenedioxymethamphetamine on Prosocial Feelings and 
Identification of Emotional States in Others. Biol Psychiatry (2010) 68:1134–
40. doi: 10.1016/j.biopsych.2010.08.003

 56. Wardle MC, De Wit H. MDMA alters emotional processing and facilitates 
positive social interaction. Psychopharmacology (2014) 231:4219–29. doi: 
10.1007/s00213-014-3570-x

 57. Schmidt A, Kometer M, Bachmann R, Seifritz E, Vollenweider FX. 
The NMDA antagonist ketamine and the 5-HT agonist psilocybin 
produce dissociable effects on structural encoding of emotional face 
expressions. Psychopharmacol (Berl) (2013) 225:227–39. doi: 10.1007/
s00213-012-2811-0

 58. Grimm O, Kraehenmann R, Preller KH, Seifritz E, Vollenweider FX. 
Psilocybin modulates functional connectivity of the amygdala during 
emotional face discrimination. Eur Neuropsychopharmacol (2018) 28:691–
700. doi: 10.1016/j.euroneuro.2018.03.016

 59. Bernasconi F, Schmidt A, Pokorny T, Kometer M, Seifritz E, Vollenweider FX. 
Spatiotemporal brain dynamics of emotional face processing modulations 

Frontiers in Psychiatry | www.frontiersin.org December 2019 | Volume 10 | Article 881

https://doi.org/10.1002/dta.254
https://doi.org/10.1080/02791072.2019.1580805
https://doi.org/10.1177/0269881114565144
https://doi.org/10.1177/0269881116675512
https://doi.org/10.1177/0269881114548296
https://doi.org/10.1177/0269881118780612
https://doi.org/10.1111/acps.12904
https://doi.org/10.1177/0269881117748902
https://doi.org/10.1007/s00213-017-4754-y
https://doi.org/10.1016/j.neuropharm.2017.12.041
https://doi.org/10.1016/j.neuropharm.2017.12.041
https://doi.org/10.1177/0022167817709585
https://doi.org/10.1038/npp.2016.82
https://doi.org/10.1523/JNEUROSCI.1939-17.2018
https://doi.org/10.1016/j.brainresbull.2016.02.002
https://doi.org/10.1038/npp.2014.12
https://doi.org/10.1038/s41386-019-0402-z
https://doi.org/10.1038/s41386-019-0402-z
https://doi.org/10.1007/s00213-014-3752-6
https://doi.org/10.1007/s00213-017-4650-5
https://doi.org/10.1016/j.biopsych.2014.11.015
https://doi.org/10.1016/j.psyneuen.2015.07.167
https://doi.org/10.1016/j.bbr.2016.05.048
https://doi.org/10.1016/j.bbr.2016.05.048
https://doi.org/10.1016/j.concog.2005.06.004
https://doi.org/10.1016/j.psychres.2011.04.013
https://doi.org/10.1016/j.neuroimage.2012.02.062
https://doi.org/10.1111/adb.12070
https://doi.org/10.1098/rstb.2002.1218
https://doi.org/10.1007/s10803-007-0486-x
https://doi.org/10.1007/s10803-006-0107-0
https://doi.org/10.1177/0269881114542454
https://doi.org/10.1371/journal.pone.0100719
https://doi.org/10.1523/JNEUROSCI.1276-18.2018
https://doi.org/10.1523/JNEUROSCI.1276-18.2018
https://doi.org/10.1007/s00213-012-2645-9
https://doi.org/10.1007/s00213-012-2645-9
https://doi.org/10.1016/j.biopsych.2010.08.003
https://doi.org/10.1007/s00213-014-3570-x
https://doi.org/10.1007/s00213-012-2811-0
https://doi.org/10.1007/s00213-012-2811-0
https://doi.org/10.1016/j.euroneuro.2018.03.016
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Hallucinogens and Social CognitionPreller and Vollenweider

12

induced by the serotonin 1A/2A receptor agonist psilocybin. Cereb Cortex 
(2014) 24:3221–31. doi: 10.1093/cercor/bht178

 60. Kometer M, Schmidt A, Bachmann R, Studerus E, Seifritz E, Vollenweider FX. 
Psilocybin biases facial recognition, goal-directed behavior, and mood 
state toward positive relative to negative emotions through different 
serotonergic subreceptors. Biol Psychiatry (2012) 72:898–906. doi: 10.1016/j.
biopsych.2012.04.005

 61. Mueller F, Lenz C, Dolder PC, Harder S, Schmid Y, Lang UE, et al. Acute 
effects of LSD on amygdala activity during processing of fearful stimuli in 
healthy subjects. Trans Psychiatry (2017) 7. doi: 10.1038/tp.2017.54

 62. Kuypers KPC, Dolder PC, Ramaekers JG, Liechti ME. Multifaceted empathy 
of healthy volunteers after single doses of MDMA: A pooled sample of 
placebo-controlled studies. J Psychopharmacol (2017) 31:589–98. doi: 
10.1177/0269881117699617

 63. Bershad AK, Schepers ST, Bremmer MP, Lee R, De Wit H. Acute 
subjective and behavioral effects of microdoses of LSD in healthy 
human volunteers. Biol Psychiatry (2019) 86(10):792–800. doi: 10.1016/j.
biopsych.2019.05.019

 64. Decety J, Cowell JM. The complex relation between morality and empathy. 
Trends In Cogn Sci (2014) 18:337–9. doi: 10.1016/j.tics.2014.04.008

 65. Kirkpatrick M, Delton AW, Robertson TE, De Wit H. Prosocial effects of 
MDMA: a measure of generosity. J Psychopharmacol (2015) 29:661–8. doi: 
10.1177/0269881115573806

 66. Gabay AS, Carhart-Harris RL, Mazibuko N, Kempton MJ, Morrison PD, 
Nutt DJ, et al. Psilocybin and MDMA reduce costly punishment in the 
Ultimatum Game. Sci Rep (2018) 8:8236. doi: 10.1038/s41598-018-26656-2

 67. Levinson CA, Langer JK, Rodebaugh TL. Reactivity to exclusion 
prospectively predicts social anxiety symptoms in young adults. Behav Ther 
(2013) 44:470–8. doi: 10.1016/j.beth.2013.04.007

 68. Platt B, Cohen Kadosh K, Lau JY. The role of peer rejection in adolescent 
depression. Depress Anxiety (2013) 30:809–21. doi: 10.1002/da.22120

 69. Domsalla M, Koppe G, Niedtfeld I, Vollstadt-Klein S, Schmahl C, Bohus M, 
et al. Cerebral processing of social rejection in patients with borderline 
personality disorder. Soc Cognit Affect Neurosci (2014) 9:1789–97. doi: 
10.1093/scan/nst176

 70. Kumar P, Waiter GD, Dubois M, Milders M, Reid I, Steele JD. Increased 
neural response to social rejection in major depression. Depress Anxiety 
(2017) 34:1049–56. doi: 10.1002/da.22665

 71. Williams KD, Jarvis B. Cyberball: a program for use in research on 
interpersonal ostracism and acceptance. Behav Res Methods (2006) 38:174–
80. doi: 10.3758/BF03192765

 72. Eisenberger NI, Lieberman MD, Williams KD. Does rejection hurt? An 
FMRI study of social exclusion. Science (2003) 302:290–2. doi: 10.1126/
science.1089134

 73. Frye CG, Wardle MC, Norman GJ, De Wit H. MDMA decreases the effects 
of simulated social rejection. Pharmacol Biochem Behav (2014) 117:1–6. doi: 
10.1016/j.pbb.2013.11.030

 74. Wang HY, Braun C, Enck P. How the brain reacts to social stress (exclusion) - 
A scoping review. Neurosci Biobehavioral Rev (2017) 80:80–8. doi: 10.1016/j.
neubiorev.2017.05.012

 75. Bershad AK, Miller MA, De Wit H. MDMA does not alter responses to the 
Trier Social Stress Test in humans. Psychopharmacology (2017) 234:2159–66. 
doi: 10.1007/s00213-017-4621-x

 76. Pyszczynski T, Greenberg J. Self-regulatory perseveration and the depressive 
self-focusing style: a self-awareness theory of reactive depression. Psychol 
Bull (1987) 102:122–38. doi: 10.1037/0033-2909.102.1.122

 77. Kraehenmann R, Preller KH, Scheidegger M, Pokorny T, Bosch OG, 
Seifritz  E, et al. Psilocybin-Induced Decrease in Amygdala Reactivity 
Correlates with Enhanced Positive Mood in Healthy Volunteers. Biol 
Psychiatry (2015) 78:572–81. doi: 10.1016/j.biopsych.2014.04.010

 78. Bilderbeck AC, Wakeley J, Godlewska BR, Mcglone F, Harris T, Cowen PJ, 
et al. Preliminary evidence that sub-chronic citalopram triggers the 
re-evaluation of value in intimate partnerships. Soc Cognit Affect Neurosci 
(2014) 9:1419–25. doi: 10.1093/scan/nst135

 79. Baggott MJ, Kirkpatrick MG, Bedi G, De Wit H. Intimate insight: MDMA 
changes how people talk about significant others. J Psychopharmacol (2015) 
29:669–77. doi: 10.1177/0269881115581962

 80. Schmid Y, Hysek CM, Preller KH, Bosch OG, Bilderbeck AC, Rogers RD, 
et al. Effects of methylphenidate and MDMA on appraisal of erotic stimuli 
and intimate relationships. Eur Neuropsychopharmacol (2015b) 25:17–25. 
doi: 10.1016/j.euroneuro.2014.11.020

 81. Kapitany-Foveny M, Mervo B, Corazza O, Kokonyei G, Farkas J, Urban R, 
et al. Enhancing sexual desire and experience: an investigation of the sexual 
correlates of gamma-hydroxybutyrate (GHB) use. Hum Psychopharmacol-
Clin Exp (2015) 30:276–84. doi: 10.1002/hup.2491

 82. Bosch OG, Havranek MM, Baumberger A, Preller KH, Von Rotz R, Herdener 
M, et al. Neural underpinnings of prosexual effects induced by gamma-
hydroxybutyrate in healthy male humans. Eur Neuropsychopharmacol (2017) 
27:372–82. doi: 10.1016/j.euroneuro.2017.02.006

 83. Carhart-Harris RL, Kaelen M, Whalley MG, Bolstridge M, Feilding A, Nutt 
DJ. LSD enhances suggestibility in healthy volunteers. Psychopharmacol 
(Berl) (2015) 232:785–94. doi: 10.1007/s00213-014-3714-z

 84. Preller KH, Schilbach L, Duerler P, Pokorny T, Vollenweider FX. LSD increases 
social adaptation to opinions similar to one’s own. Eur Neuropsychopharmacol 
(2019) 29:S226–7. doi: 10.1016/j.euroneuro.2018.11.368

 85. Maclean KA, Johnson MW, Griffiths RR. Mystical experiences occasioned 
by the hallucinogen psilocybin lead to increases in the personality 
domain of openness. J Psychopharmacol (2011) 25:1453–61. doi: 
10.1177/0269881111420188

 86. Carhart-Harris RL, Kaelen M, Bolstridge M, Williams TM, Williams LT, 
Underwood R, et al. The paradoxical psychological effects of lysergic 
acid diethylamide (LSD). Psychol Med (2016b) 46:1379–90. doi: 10.1017/
S0033291715002901

 87. Wunderli MD, Vonmoos M, Treichler L, Zeller C, Dziobek I, 
Kraemer T, et al. Social Cognition and Interaction in Chronic Users 
of 3,4-Methylenedioxymethamphetamine (MDMA, “Ecstasy”). Int J 
Neuropsychopharmacol (2018) 21:333–44. doi: 10.1093/ijnp/pyx098

 88. Carlyle M, Stevens T, Fawaz L, Marsh B, Kosmider S, Morgan CJ. Greater 
empathy in MDMA users. J Psychopharmacol (2019) 33:295–304. doi: 
10.1177/0269881119826594

 89. Griffiths RR, Richards WA, Mccann U, Jesse R. Psilocybin can occasion 
mystical-type experiences having substantial and sustained personal 
meaning and spiritual significance. Psychopharmacology (2006) 187:268–83. 
doi: 10.1007/s00213-006-0457-5

 90. Griffiths RR, Richards WA, Johnson MW, Mccann UD, Jesse R. Mystical-type 
experiences occasioned by psilocybin mediate the attribution of personal 
meaning and spiritual significance 14 months later. J Psychopharmacol 
(2008) 22:621–32. doi: 10.1177/0269881108094300

 91. Griffiths RR, Johnson MW, Richards WA, Richards BD, Mccann U, Jesse R. 
Psilocybin occasioned mystical-type experiences: immediate and persisting 
dose-related effects. Psychopharmacol (Berl) (2011) 218:649–65. doi: 
10.1007/s00213-011-2358-5

 92. Griffiths RR, Johnson MW, Richards WA, Richards BD, Jesse R, Maclean KA, 
et al. Psilocybin-occasioned mystical-type experience in combination 
with meditation and other spiritual practices produces enduring positive 
changes in psychological functioning and in trait measures of prosocial 
attitudes and behaviors. J Psychopharmacol (2018) 32:49–69. doi: 
10.1177/0269881117731279

 93. Schmid Y, Liechti ME. Long-lasting subjective effects of LSD in normal subjects. 
Psychopharmacol (Berl) (2018) 235:535–45. doi: 10.1007/s00213-017-4733-3

 94. Mason NL, Mischler E, Uthaug MV, Kuypers KPC. Sub-Acute Effects of 
Psilocybin on Empathy, Creative Thinking, and Subjective Well-Being. 
J Psychoactive Drugs: 1-12 (2019). doi: 10.1080/02791072.2019.1580804

 95. Teitler M, Leonhardt S, Appel NM, Desouza EB, Glennon RA. Receptor 
Pharmacology of MDMA and Related Hallucinogens. Ann New York Acad 
Sci (1990) 600:626–39. doi: 10.1111/j.1749-6632.1990.tb16915.x

 96. Simmler LD, Buser TA, Donzelli M, Schramm Y, Dieu LH, Huwyler J, 
et al. Pharmacological characterization of designer cathinones in vitro. Br J 
Pharmacol (2013) 168:458–70. doi: 10.1111/j.1476-5381.2012.02145.x

 97. Simmler LD, Liechti ME. Pharmacology of MDMA- and Amphetamine-Like 
New Psychoactive Substances. Handb Exp Pharmacol (2018) 252:143–64. 
doi: 10.1007/164_2018_113

 98. Nichols DE. Hallucinogens. Pharmacol Ther (2004) 101:131–81. doi: 
10.1016/j.pharmthera.2003.11.002

December 2019 | Volume 10 | Article 881Frontiers in Psychiatry | www.frontiersin.org

https://doi.org/10.1093/cercor/bht178
https://doi.org/10.1016/j.biopsych.2012.04.005
https://doi.org/10.1016/j.biopsych.2012.04.005
https://doi.org/10.1038/tp.2017.54
https://doi.org/10.1177/0269881117699617
http://doi.org/10.1016/j.biopsych.2019.05.019
http://doi.org/10.1016/j.biopsych.2019.05.019
https://doi.org/10.1016/j.tics.2014.04.008
https://doi.org/10.1177/0269881115573806
https://doi.org/10.1038/s41598-018-26656-2
https://doi.org/10.1016/j.beth.2013.04.007
https://doi.org/10.1002/da.22120
https://doi.org/10.1093/scan/nst176
https://doi.org/10.1002/da.22665
https://doi.org/10.3758/BF03192765
https://doi.org/10.1126/science.1089134
https://doi.org/10.1126/science.1089134
https://doi.org/10.1016/j.pbb.2013.11.030
https://doi.org/10.1016/j.neubiorev.2017.05.012
https://doi.org/10.1016/j.neubiorev.2017.05.012
https://doi.org/10.1007/s00213-017-4621-x
https://doi.org/10.1037/0033-2909.102.1.122
https://doi.org/10.1016/j.biopsych.2014.04.010
https://doi.org/10.1093/scan/nst135
https://doi.org/10.1177/0269881115581962
https://doi.org/10.1016/j.euroneuro.2014.11.020
https://doi.org/10.1002/hup.2491
https://doi.org/10.1016/j.euroneuro.2017.02.006
https://doi.org/10.1007/s00213-014-3714-z
https://doi.org/10.1016/j.euroneuro.2018.11.368
https://doi.org/10.1177/0269881111420188
https://doi.org/10.1017/S0033291715002901
https://doi.org/10.1017/S0033291715002901
https://doi.org/10.1093/ijnp/pyx098
https://doi.org/10.1177/0269881119826594
https://doi.org/10.1007/s00213-006-0457-5
https://doi.org/10.1177/0269881108094300
https://doi.org/10.1007/s00213-011-2358-5
https://doi.org/10.1177/0269881117731279
https://doi.org/10.1007/s00213-017-4733-3
https://doi.org/10.1080/02791072.2019.1580804
https://doi.org/10.1111/j.1749-6632.1990.tb16915.x
https://doi.org/10.1111/j.1476-5381.2012.02145.x
https://doi.org/10.1007/164_2018_113
https://doi.org/10.1016/j.pharmthera.2003.11.002
https://www.frontiersin.org/journals/psychiatry#articles
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org


Hallucinogens and Social CognitionPreller and Vollenweider

13

 99. Pokorny T, Preller KH, Kraehenmann R, Vollenweider FX. Modulatory 
effect of the 5-HT1A agonist buspirone and the mixed non-hallucinogenic 
5-HT1A/2A agonist ergotamine on psilocybin-induced psychedelic 
experience. Eur Neuropsychopharmacol (2016) 26:756–66. doi: 10.1016/j.
euroneuro.2016.01.005

 100. Preller KH, Burt JB, Ji JL, Schleifer CH, Adkinson BD, Stampfli P, et al. 
Changes in global and thalamic brain connectivity in LSD-induced altered 
states of consciousness are attributable to the 5-HT2A receptor. Elife (2018a) 
7. doi: 10.7554/eLife.35082

 101. Kuypers KPC, De La Torre R, Farre M, Pizarro N, Xicota L, Ramaekers 
JG. MDMA-induced indifference to negative sounds is mediated by the 
5-HT2A receptor. Psychopharmacology (2018) 235:481–90. doi: 10.1007/
s00213-017-4699-1

 102. Gulliver D, Werry E, Reekie TA, Katte TA, Jorgensen W, Kassiou M. 
Targeting the Oxytocin System: New Pharmacotherapeutic Approaches. 
Trends Pharmacol Sci (2019) 40:22–37. doi: 10.1016/j.tips.2018.11.001

 103. Thompson MR, Callaghan PD, Hunt GE, Cornish JL, Mcgregor IS. A 
role for oxytocin and 5-HT(1A) receptors in the prosocial effects of 3,4 
methylenedioxymethamphetamine (“ecstasy”). Neuroscience (2007) 
146:509–14. doi: 10.1016/j.neuroscience.2007.02.032

 104. Nardou R, Lewis EM, Rothhaas R, Xu R, Yang AM, Boyden E, et al. 
Oxytocin-dependent reopening of a social reward learning critical 
period with MDMA. Nature (2019) 569:116–+. doi: 10.1038/
s41586-019-1075-9

 105. Dolder PC, Holze F, Liakoni E, Harder S, Schmid Y, Liechti ME. 
Alcohol acutely enhances decoding of positive emotions and emotional 
concern for positive stimuli and facilitates the viewing of sexual images. 
Psychopharmacology (2017) 234:41–51. doi: 10.1007/s00213-016-4431-6

Conflict of Interest: The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could be construed as a 
potential conflict of interest.

Copyright © 2019 Preller and Vollenweider. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License 
(CC BY). The use, distribution or reproduction in other forums is permitted, 
provided the original author(s) and the copyright owner(s) are credited and 
that the original publication in this journal is cited, in accordance with accepted 
academic practice. No use, distribution or reproduction is permitted which does 
not comply with these terms.

Frontiers in Psychiatry | www.frontiersin.org December 2019 | Volume 10 | Article 881

https://doi.org/10.1016/j.euroneuro.2016.01.005
https://doi.org/10.1016/j.euroneuro.2016.01.005
https://doi.org/10.7554/eLife.35082
https://doi.org/10.1007/s00213-017-4699-1
https://doi.org/10.1007/s00213-017-4699-1
https://doi.org/10.1016/j.tips.2018.11.001
https://doi.org/10.1016/j.neuroscience.2007.02.032
https://doi.org/10.1038/s41586-019-1075-9
https://doi.org/10.1038/s41586-019-1075-9
https://doi.org/10.1007/s00213-016-4431-6
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

	Modulation of Social Cognition via Hallucinogens and “Entactogens”

	﻿Introduction

	﻿Modulation of Social Cognition in Clinical Populations

	﻿Acute Effects of Entactogens and Hallucinogens on Social Cognition in Healthy Volunteers

	﻿Empathy, Mentalizing, and Emotion Recognition

	﻿Moral and Altruistic Behavior

	﻿Social Rejection Sensitivity

	﻿Sexual Arousal and Perception of Romantic Relationships

	﻿Social Influence Processing


	﻿Long-Lasting Effects in Healthy Participants

	﻿Neuropharmacological Underpinnings of Alterations in Social Cognition Induced by Hallucinogens and Entactogens

	﻿Conclusion

	﻿Author Contributions

	﻿Funding

	References



