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  Abstract
  BackgroundPsilocybin is a classic psychedelic drug that has a history of use in psychotherapy. One of the rationales for its use was that it aids emotional insight by lowering psychological defences.

AimsTo test the hypothesis that psilocybin facilitates access to personal memories and emotions by comparing subjective and neural responses to positive autobiographical memories under psilocybin and placebo.

MethodTen healthy participants received two functional magnetic resonance imaging scans (2mg intravenous psilocybin v. intravenous saline), separated by approximately 7 days, during which they viewed two different sets of 15 positive autobiographical memory cues. Participants viewed each cue for 6 s and then closed their eyes for 16 s and imagined re-experiencing the event. Activations during this recollection period were compared with an equivalent period of eyes-closed rest. We split the recollection period into an early phase (first 8 s) and a late phase (last 8 s) for analysis.

ResultsRobust activations to the memories were seen in limbic and striatal regions in the early phase and the medial prefrontal cortex in the late phase in both conditions (P<0.001, whole brain cluster correction), but there were additional visual and other sensory cortical activations in the late phase under psilocybin that were absent under placebo. Ratings of memory vividness and visual imagery were significantly higher after psilocybin (P<0.05) and there was a significant positive correlation between vividness and subjective wellbeing at follow-up (P<0.01).

ConclusionsEvidence that psilocybin enhances autobiographical recollection implies that it may be useful in psychotherapy either as a tool to facilitate the recall of salient memories or to reverse negative cognitive biases.
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 Psilocybin is a classic psychedelic (‘mind-manifesting’) drug, pharmacologically related to the prototypical psychedelic, lysergic acid diethylamide. Psychedelic drugs were used extensively in psychotherapy in the 1950s to lower psychological defences and facilitate emotional insight.
Reference Cohen1
 In cognitive terms, the ‘lowering of defences’ may be thought of as a decrease in top-down emotional control. There are several reports in this literature of spontaneous autobiographical recollections or ‘relivings’ under psychedelics
Reference Sandison2
 – similar in some respects to the dream-like sequences seen on stimulation of the medial temporal lobes
Reference Halgren, Walter, Cherlow and Crandall3
 or to the flashback phenomena seen in post-traumatic stress disorder (PTSD).
Reference Hagenaars, van Minnen and Hoogduin4
 In a previous psilocybin functional magnetic resonance imaging (fMRI) study by our group,
Reference Carhart–Harris, Erritzoe, Williams, Stone, Read and Colasanti5
 one individual reported a striking reliving under the drug, further motivating us to test this phenomenon in a controlled manner. We also observed large decreases in resting state activity in the medial prefrontal cortex after psilocybin.
Reference Carhart–Harris, Erritzoe, Williams, Stone, Read and Colasanti5
 The medial prefrontal cortex is known to exert top-down inhibitory control over limbic activity,
Reference Milad and Quirk6
 so a psilocybin-induced deactivation of the medial prefrontal cortex – leading to a disinhibition of limbic activity – may explain the occurrence of spontaneous recollections in the psychedelic state.

 Thus, the present study sought to test the hypothesis that psychedelic drugs facilitate autobiographical recollection, using psilocybin and a blocked fMRI paradigm involving personal memory cues. Spontaneous relivings under psychedelics are often explicitly linked to past traumata;
Reference Sandison2
 however, we used only positive memory cues in order to minimise the risk of adverse reactions. We predicted that psilocybin would augment subjective and neural responses to personal memories. Based on previous studies implicating medial temporal and visual association regions in vivid autobiographical recollections,
Reference Greenberg, Rice, Cooper, Cabeza, Rubin and LaBar7–Reference Daselaar, Rice, Greenberg, Cabeza, LaBar and Rubin9
 we predicted that psilocybin would increase activations in these specific regions.


 Method


 Design

 This was a placebo-controlled cross-over study approved by a local National Health Service research ethics committee and research and development body, and conducted in accordance with good clinical practice guidelines. A Home Office licence was obtained for storage and handling of a schedule 1 drug. The University of Bristol sponsored this research.




 Participants

 Fifteen healthy individuals were recruited, all via word of mouth. However, only 13 completed the behavioural component of the fMRI study because of presentation software failure for 2 individuals after administration of psilocybin, and three further data-sets were removed because of scanner artefacts, rendering the functional data unusable. Of the ten remaining participants, nine were male, all were physically and mentally healthy, with a mean age of 31 years (s.d. = 7.5), and all had used psilocybin before (average 16.4 uses, s.d. = 27.2), but not within 6 weeks of the study. Participants attended a screening visit during which their mental and physical health was assessed. This included a brief psychiatric interview, routine blood analysis, electrocardiogram, blood pressure and heart rate, and a neurological examination.




 Derivation of autobiographical memory cues

 After enrolment, participants were given at least 2 weeks to provide 30 or more personal memories for use in the fMRI behavioural paradigm. They were instructed that these should refer to specific life events, and not general periods of time, and that they should be especially positive and emotionally salient. To avoid embarrassment, individuals were advised to encrypt especially personal memories so that they could only be understood by themselves. Cues were abridged to one sentence (e.g. ‘Remember being at the altar getting married’). To control for recency effects, participants were asked to estimate the approximate age they were at the time of the event, and to rate the emotionally potency of the memory on a scale of 0–3, with 3 being ‘especially potent’ (i.e. capable of eliciting a strong emotionally response and/or vivid recollection). The 30 most potent memories were split into 2 groups of 15 memories and balanced for recency and potency. Each group was randomly assigned to either the psilocybin or placebo condition.




 Scanning procedure and drug administration

 Participants attended two scanning sessions, separated by at least 7 days. Psilocybin (2 mg in saline) was received on one day, and placebo (saline only) on the other, in a balanced order across participants. Solutions (10 ml) were administered during scanning, as 60 s intravenous infusions.

 Participants were cannulated and screened for magnetic resonance compatibility. Prior to functional scanning, we obtained an initial three-dimensional SPGR structural scan in an axial orientation, with field of view 256×256×192 mm and matrix 256×256×192 mm to yield 1 mm isotropic voxel resolution (repetition time (TR)/echo time (TE) 7.9/3.0 ms; inversion time 450 ms; flip angle 20°). All scanning was performed on 3 T GE HD×MR system.

 Blood oxygen level-dependent (BOLD)-weighted fMRI data were acquired using a gradient echo-planar imaging sequence, TR/TE 3000/35 ms, field of view 192 mm, 64×64 acquisition matrix, parallel acceleration factor 2, and flip angle 90°. Fifty-three oblique-axial slices were acquired in an interleaved fashion, each 3 mm thick with zero slice gap (3×3×3 mm voxels). An initial task-free, eyes-closed, resting state scan took place for 12 min in total. The data from these scans will be presented in a separate publication. Sixty-second manual infusions of either psilocybin or placebo began 6 min after the start of the resting-state scan and the behavioural scan began 7.5 min after the start of the infusion. The subjective effects of intravenous psilocybin (2 mg) peak a few minutes after infusion and persist for approximately 25–30 min (online Fig. DS1 and Carhart-Harris et al

Reference Carhart–Harris, Williams, Sessa, Tyacke, Rich and Feilding10
); thus, the subjective effects of psilocybin were robust throughout the behavioural scan. The total duration of the behavioural scan was 18.5 min (370 whole brain volumes).




 Functional paradigm

 Fifteen memory cues were presented in a blocked paradigm, interleaved with rest and an auditory attention task. The attention task was designed to investigate hypotheses unrelated to auto-biographical memory and so the results are not included here. For the memory task, participants were instructed to close their eyes and to open them when cued by a loud auditory tone played through stereo headphones. Individuals were instructed to allow their memories to come back to them during a period of eyes-closed recollection, and not to resist any associated thoughts. Visual stimuli were projected onto a screen behind them which was viewed through a mirror attached to the head coil.

 Participants performed the autobiographical memory condition with their eyes closed in order to aid recollection; eyes were also closed in the rest blocks to provide an unbiased baseline state, matched for sensory input. In the rest trials, individuals were first presented with an auditory tone and the visual instruction ‘relax’, which remained on the screen for 6 s followed by ‘close your eyes’. Participants closed their eyes for 16 s before hearing an auditory tone which signalled for them to open their eyes. They were then presented with their first memory cue (e.g. ‘Remember playing Oliver in the school play’), which was shown for 6 s before the instruction ‘close your eyes’. Individuals were given 16 s to recollect the event before hearing an auditory tone signalling for them to open their eyes. They were then presented with the instruction ‘count the beeps’, which was shown for 6 s, followed by ‘close your eyes’ and the onset of the attention task. This task consisted of a sequence of auditory tones of different pitch playing in either ear in a random order. Each participant had to decide whether more tones occurred in their left or right ear and gave their response via button press at the end of the 16 s. There was always one more tone in either the left or the right ear. The fixed sequence of rest–memory–attention was repeated 15 times in total. The rationale for the fixed order was to minimise carry-over effects from the memory trials to the rest trials by using the attention paradigm to distract participants from sustained recollection of the memories.




 Subjective ratings

 Memory ratings were given after the participants exited the scanner. Each memory was rated for vividness (‘How vivid was the memory, if 10 is extremely vivid – i.e. as if you are there experiencing it again?’), emotional intensity (‘How strong was the emotion you felt, with 10 being extremely intense?’), valence (‘How positive was the memory, if 10 is extremely positive, 5 is neither positive or negative, and 0 is extremely negative?’) and visual imagery (‘How visual was the memory, if 10 is extremely visual, as if you can see it again?’). Ratings were always given on a 0–10 scale. Descriptive statistics were derived and t-tests were performed for between-condition comparisons. Participants were followed up 2 weeks after their scans and asked to rate any changes in their subjective well-being or life satisfaction on a scale of –3 (decreased very much) to +3 (increased very much), with 0 as ‘no change’.




 Imaging analysis

 All imaging analysis was carried out using FSL (www.fmrib.ox.ac.uk/fsl). In the first-level analysis, a general linear model with four regressors was fitted to each participant. There was a regressor for the 16 s of eyes-closed attention to beeps and a regressor of no interest for the periods when the task instructions were presented and for when task responses were required. Previous imaging work on autobiographical recollection has found that different neural systems are engaged immediately after the memory cue compared with a few seconds later.
Reference Daselaar, Rice, Greenberg, Cabeza, LaBar and Rubin9
 Therefore, two regressors were used for the 16 s memory recollection period – one for the first 8 s after the memory cue (early phase) and one for the remaining 8–16 s (late phase). The two primary contrasts of interest were the early memory period v. rest, and the late memory period v. rest. The regressors were convolved using a double gamma response function, a temporal derivative was added and temporal filtering applied. Data were high-pass filtered with a cut off of 100 s. The functional data were spatially smoothed (6 mm) and registered to each participants’ T
1-weighted high-resolution (1×1×1 mm) structural scan which was itself registered to the Montreal Neurological Institute standard brain (1×1×1 mm) using non-linear registration.

 The results of fitting this model at the first level were combined in a higher-level within-participants analysis to compare brain activation under psilocybin with activation under placebo. A mixed-effects analysis was performed to produce group statistics. Statistical parametric maps were cluster thresholded and a whole-brain cluster significance threshold of P<0.05 was used. To determine the mean activation maps for recollection v. rest under psilocybin and placebo, group means were derived for each condition. FSL fMRI Expert Analysis Tool (FEAT) query was used to compute BOLD per cent signal change for specific contrasts. Pearson's correlations were used to compare regional BOLD changes with subjective ratings – and specific variables were chosen on a hypothesis-driven basis. Given that recollection and emotion is typically thought to involve medial temporal lobe and limbic structures, anatomical regions of interest were created for bilateral parahippocampal gyrus and the amygdala based on the Harvard–Oxford probabilistic atlas.






 Results


 Subjective ratings

 Memories were rated as more vivid, visual, emotional and positive under psilocybin than placebo (Fig. 1). Individually, only ratings of vivid (t-test, P = 0.049, two-tailed) and visual (t-test, P = 0.041, two-tailed) were significantly different, but if the four parameters (which were highly correlated) are grouped, ratings were significantly higher under psilocybin than placebo (t-test, P = 0.0003, two-tailed).




 fMRI results


 Activations to memories

 Robust activations were observed during cued autobiographical recollection v. rest under both placebo and psilocybin, even with a stringent threshold of Z = 2 (whole brain cluster corrected, P<0.001; Fig. 2). The contrasts were split up into an early phase recollection period versus rest (orange clusters) and a late phase recollection period v. rest (dark red clusters); these were the first and last 8 s of the 16 s recollection period. The early activations were generally more subcortical – and were especially significant in limbic/medial temporal lobe (e.g. amygdala and hippocampus) and striatal regions (e.g. the putamen and nucleus accumbens), as well as the mid-cingulate cortex, pre-sensorimotor area and precuneus. Late activations were seen in limbic (e.g. the amygdala) and paralimbic regions (e.g. the subgenual cingulate cortex and pre-sensorimotor area) and the temporal pole, but there were also large activations in the medial prefrontal cortex and frontal pole that were notably absent in the early recollection period.









Fig. 1 Memory ratings after psilocybin and placebo.

 Ratings were significantly higher after psilocybin than placebo for the items ‘How vivid was the memory?’ and ‘How visual was the memory?’ (two-tailed t-test, *
P<0.05) and when all four were grouped (P = 0.0003).







 Correlations with subjective ratings

 Combining the data from each individuals’ two scans, there was a significant positive correlation between ‘emotion’ scores and late phase bilateral parahippocampal activations (Fig. 3, left; r = 0.4, P = 0.04, one-tailed). There was also a trend-level positive correlation between ‘vividness’ scores and late phase anterior bilateral parahippocampal activations (r = 0.35, P = 0.07, one-tailed).




 Effect of psilocybin on activations to memories

 There were no significant differences between early phase activations to memories under psilocybin v. placebo. However, there were significantly greater late phase activations under psilocybin than placebo (Fig. 4). These were found in three large clusters, a left occipital pole and visual association region cluster (Fig. 3) and left and right hemisphere clusters that included the mid-insula and primary and secondary auditory cortex, the temporal pole, primary and secondary somatosensory cortex and superior parietal regions (e.g. the superior parietal lobule and supramarginal gyrus). Contrary to prior hypotheses, there were no between-condition differences in medial temporal lobe activations.

 Since secondary sensory and high-level attention areas are typically deactivated during periods of introspection,
Reference Raichle, MacLeod, Snyder, Powers, Gusnard and Shulman11
 we considered the possibility that the putative activations in these regions under psilocybin were in fact deactivations under placebo. To assess this, we looked at the first-level results for both conditions and calculated the mean percentage BOLD signal change to memories v. rest in the three above-mentioned clusters (Fig. 4). One cluster was in the left occipital pole and visual association regions (red in Fig. 4), one was in the left primary and secondary auditory cortex and left somatosensory and superior parietal areas (blue in Fig. 4), and one was in the right primary and secondary auditory cortex and right somatosensory and superior parietal areas (green in Fig. 4). After calculating the mean signal changes in each cluster, large deactivations were evident in the left and right hemisphere clusters under placebo (blue and green, Fig. 4), but true activations under psilocybin were found for all of the clusters – especially the visual one (red, Fig. 4), confirming that visual and other sensory regions are activated by memory cues under psilocybin.




 Follow-up ratings of well-being

 When data from the complete sample were analysed (n = 15, mean age 30.5 years (s.d. = 7.7), 2 females), reports of well-being 2 weeks after each scan were significantly higher after psilocybin than placebo (P = 0.03, two-tailed). To test the hypothesis that participants with the most pronounced subjective responses to positive memories have the largest increases in well-being after psilocybin, we plotted scores of memory vividness against scores of increased well-being post-psilocybin for the 13 participants that completed the memory task in both conditions (Fig. 5). One outlier was removed owing to an explicit non-drug-related event causing him to report an anomalous decrease in well-being post-psilocybin. A significant positive correlation was found between vividness ratings and improved well-being post-psilocybin (r = 0.72, P = 0.004, one-tailed).









Fig. 2 Activations during autobiographical recollection v. rest under placebo and psilocybin.

 Early phase activations are shown in orange and late phase activations in translucent dark red. Cluster threshold Z = 2, whole brain corrected P<0.001. The left hemisphere is shown on the right.










Fig. 3 Late phase parahippocampal (right) activations correlated positively with how emotional the memories were.

 BOLD, blood oxygen level-dependent. Pearson's correlation, P<0.05, one-tailed.











 Discussion

 This study sought to test the hypothesis that psychedelics facilitate the neural processes underlying autobiographical recollection using fMRI and the classic psychedelic psilocybin. Robust activations to autobiographical memory cues were found after both placebo and psilocybin, but greater late phase sensory activations and more intense subjective effects were seen after psilocybin. Greater activations were observed in the bilateral auditory cortex, somatosensory cortex, superior parietal cortex, left visual association regions and the occipital pole after psilocybin, and post-hoc tests confirmed that visual and other sensory regions were uniquely activated under psilocybin (Fig. 6). This switch in sensory function from a pattern of deactivation under placebo to activation under psilocybin is important and may explain why memories can be felt as especially vivid or ‘real’ under psychedelics).
Reference Sandison2,Reference Grof12,Reference de Araujo, Ribeiro, Cecchi, Carvalho, Sanchez and Pinto13











Fig. 4 Greater late phase activations during autobiographical recollection under psilocybin than placebo.

 Cluster threshold Z = 2, whole brain corrected P<0.05. The left hemisphere is shown on the right.










Fig. 5 Significant positive correlation between ratings of increased well-being post-psilocybin and ratings of memory vividness.


r = 0.72, P = 0.004, one-tailed.










Fig. 6 Mean per cent blood oxygen level-dependent (BOLD) signal changes to memories v. rest under psilocybin (blue) and placebo (grey).

 The left hemisphere is shown on the right.





 Relevance to previous studies

 Memory activations in both conditions were similar to those found in previous studies. Medial temporal activations are a relatively reliable finding in autobiographical recollection paradigms
Reference Milad and Quirk6
 and have also been shown to correlate with emotional intensity
Reference Greenberg, Rice, Cooper, Cabeza, Rubin and LaBar7
 (as shown in Fig. 3). Moreover, early limbic activation followed by a late medial prefrontal component is entirely consistent with previous findings.
Reference Daselaar, Rice, Greenberg, Cabeza, LaBar and Rubin9
 The early limbic activations are thought to reflect memory retrieval and initial hedonic sensations and the delayed cortical activations are thought to reflect memory elaboration and reliving.
Reference Daselaar, Rice, Greenberg, Cabeza, LaBar and Rubin9
 Indeed, detailed visual imagery is a hallmark of vivid reliving,
Reference Rubin, Schrauf and Greenberg14
 and visual cortical activations have been found to correlate positively with ratings of ‘reliving’ in previous studies.
Reference Daselaar, Rice, Greenberg, Cabeza, LaBar and Rubin9
 Thus, the greater visual activations in the late recollection phase, when visual imagery becomes more pronounced, plus the reports of more visual and vivid recollections under psilocybin, support the hypothesis that psilocybin augments the neural processes underlying autobiographical recollection.




 Subjective experiences

 To give a sense of the qualitative difference between the recollective experiences in each condition, one participant commented after his second scan (placebo scan): ‘I was focusing on my memories, but there wasn't the same kind of emotional engagement, and I didn't visualise them as realistically as I had done last week [under psilocybin].’ When asked whether this meant that he was using his imagination more this time, he said:


 ‘I think my imagination had a lot to do with it last time, but it seemed more vivid and real… I was more attached to the images and putting myself in the scenario than I was today. Today it was like… I was thinking about it, it was nice, but it was nothing special – nothing new came out of it.’



A number of participants also commented on the brevity of the recollection period and how memories only became more vivid towards the end of the 16 s under psilocybin. For example: ‘I think the memories could develop more with more time – you could go deeper with more time’.




 Medial temporal lobe involvement in ‘relivings’

 Despite these positive findings, there were some important negative findings in this study. None of our participants reported anything like the dramatic relivings that are described in the literature on psychedelics.
Reference Sandison2,Reference Grof12
 We also did not find the hypothesised augmentation of medial temporal lobe responses under psilocybin – despite there being some compelling reasons to expect this: medial temporal lobe activations have been found during flashbacks in patients with PTSD,
Reference Vermetten, Schmahl, Southwick and Bremner15
 but the most compelling evidence for a medial temporal lobe involvement in relivings comes from invasive procedures. Wilder Penfield was the first to demonstrate that electrical stimulation of the temporal cortex could produce vivid recollections and reliving,
Reference Penfield and Perot16,Reference Penfield and Jasper17
 and subsequent work has shown that the medial temporal lobes are especially sensitive to this effect.
Reference Bancaud, Brunet–Bourgin, Chauvel and Halgren18
 That medial temporal lobe stimulation can generate complex visual imagery is interesting and implies the occurrence of a spreading activation from the site of stimulation to posterior sensory regions. Evidence for this was found in a simultaneous stimulation–depth electro-encephalography study, in which stimulation of the anterior medial temporal lobes produced complex visual imagery and a spreading activation to visual association regions in the theta frequency.
Reference Barbeau, Wendling, ReAgis, Duncan, Poncet and Chauvel19
 Thus, our failure to find an exaggerated medial temporal lobe response under psilocybin may explain the absence of relivings, but it would be interesting to explore this issue further with connectivity analyses. For example, using dynamic causal modelling,
Reference Friston, Harrison and Penny20
 we might predict an increased medial temporal lobe input to the visual cortex during recollection under psilocybin. We might also predict that connections from the medial prefrontal cortex to medial temporal lobe regions are decreased during recollection under psilocybin. Rostral anterior cingulate cortex blood flow was found to decrease during PTSD flashbacks (and to increase during dissociation),
Reference Hopper, Frewen, van der Kolk and Lanius21
 and in a previous psilocybin fMRI study by our group, we found an immediate, marked and sustained drop in medial prefrontal activity after intravenous psilocybin.
Reference Carhart–Harris, Erritzoe, Williams, Stone, Read and Colasanti5
 The medial prefrontal cortex is known to exert a top-down inhibitory control over medial temporal lobe regions;
Reference Milad and Quirk6
 thus, a decrease in medial prefrontal cortex activity may lead to a medial temporal lobe disinhibition.
Reference Carhart–Harris and Friston22



 There are some likely explanations for why we did not observe the predicted relivings in this study. For example, in our efforts to minimise negative drug responses, we used only positive memory cues, but relivings are often linked to painful or conflict-laden memories.
Reference Sandison2
 An improved design could use conflict-laden memory cues in patients in dynamic psychotherapy, so that any upsetting reactions could be worked through post-session. This would properly test the hypothesis that psychedelics facilitate emotional insight by lowering psychological defences. Also, increasing the duration of the recollection periods would allow a deeper level of introspection. However, despite these limitations, our decision to use only positive memory cues was not without reward; the primary hypothesis that psilocybin augments subjective and neural responses to positive autobiographical memory cues was supported and the experience was well tolerated by all of the participants. Indeed, consistent with previous studies,
Reference Griffiths, Richards, Johnson, McCann and Jesse23
 our sample reported significant improvements in subjective well-being after their psilocybin experience. Moreover, a positive correlation was found between ratings of subjective well-being and memory vividness. The following report from one participant testifies to this:


 ‘It being February and having endured the harsh months of a long British winter, I guess I'd been feeling a little blue lately, but right now I feel invigorated, recharged and inspired by the experience… What seems to be fuelling my optimism isn't just the drug experience, but the combination of it with refreshing my own memories; it's like I've been reminded of the affirmative aspects of my life.’






 Implications for psychedelic-assisted psychotherapy

 The primary finding of this study was that psilocybin switched autobiographical memory activations in visual and other sensory regions from a pattern of deactivation to activation (Fig. 6). Participants also reported more vivid and visual recollections under psilocybin – which is consistent with the increased sensory activations. These effects may have implications for the use of psilocybin in psychotherapy. For example, psilocybin could be combined with positive memory cues as a treatment for depression – facilitating the recall of positive life events so to reverse pessimistic mind-sets. Support for such an idea comes from findings of decreased depression scores in patients with anxiety 6 months after a single psilocybin treatment
Reference Grob, Danforth, Chopra, Hagerty, McKay and Halberstadt24
 and improvements in well-being and trait openness persisting in healthy volunteers up to 2 years after a single high dose of psilocybin.
Reference Griffiths, Richards, Johnson, McCann and Jesse23,Reference MacLean, Johnson and Griffiths25
 Further supporting the case for psilocybin as a treatment option for depression, we recently observed marked decreases in medial prefrontal cortex activity after psilocybin.
Reference Carhart–Harris, Erritzoe, Williams, Stone, Read and Colasanti5
 Hyperactivity in the medial prefrontal cortex in depression and its normalisation after effective treatment is a highly reliable finding.
Reference Hamani, Mayberg, Stone, Laxton, Haber and Lozano26






 Limitations

 The sample size in this study (n = 10) was small and may have encouraged false negatives. For example, we failed to find significant correlations between between-condition differences in brain activations and subjective ratings, which may have emerged in a larger sample. Another limitation was the self-selecting nature of the sample, which may have biased outcomes. Participants were required to have used psychedelics before, and many held prior assumptions about the positive value of these drugs. This may have contributed to the positive memory ratings, the reports of improved well-being post-administration, and the positive relationship between them (Fig. 6). Importantly, however, such biases cannot easily explain the increased brain activations to memories after psilocybin.




 Implications

 This study found increased subjective and neural responses to autobiographical memory cues under psilocybin. Greater activations were evident in visual and other sensory regions, which may explain why recollections were rated as more vivid and visual under psilocybin. Psychedelic drugs have a history of use in psychotherapy, linked to the hypothesis that they lower defences to facilitate access to salient emotions and memories. The results of this study provide initial support for this idea and a potential neurobiological mechanism is proposed: decreased medial prefrontal cortex activity leading to disinhibited limbic and sensory activity. We propose that psilocybin may be used in combination with cognitive strategies designed to reverse cognitive biases in depression – and we also suggest that it may be used in more classic dynamic therapy to assist the exploration and understanding of salient emotional themes.
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View in content
 

 Fig. 1 Memory ratings after psilocybin and placebo.Ratings were significantly higher after psilocybin than placebo for the items ‘How vivid was the memory?’ and ‘How visual was the memory?’ (two-tailed t-test, *P<0.05) and when all four were grouped (P = 0.0003).

 

 


View in content
 

 Fig. 2 Activations during autobiographical recollection v. rest under placebo and psilocybin.Early phase activations are shown in orange and late phase activations in translucent dark red. Cluster threshold Z = 2, whole brain corrected P<0.001. The left hemisphere is shown on the right.

 

 


View in content
 

 Fig. 3 Late phase parahippocampal (right) activations correlated positively with how emotional the memories were.BOLD, blood oxygen level-dependent. Pearson's correlation, P<0.05, one-tailed.

 

 


View in content
 

 Fig. 4 Greater late phase activations during autobiographical recollection under psilocybin than placebo.Cluster threshold Z = 2, whole brain corrected P<0.05. The left hemisphere is shown on the right.
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 Fig. 5 Significant positive correlation between ratings of increased well-being post-psilocybin and ratings of memory vividness.r = 0.72, P = 0.004, one-tailed.
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 Fig. 6 Mean per cent blood oxygen level-dependent (BOLD) signal changes to memories v. rest under psilocybin (blue) and placebo (grey).The left hemisphere is shown on the right.

 

 

       
Submit a response
 
 
eLetters

 No eLetters have been published for this article.
  



 
  
 
 



 You have 
Access
 
 	149
	Cited by


 

   




 Cited by

 
 Loading...


    


 













Cited by





	



149




	


















Crossref Citations










This article has been cited by the following publications. This list is generated based on data provided by
Crossref.









Jade, Rose
2010.
Current Research on the Human Experience of Spirituality Following the Ingestion of ‘Magic’ Psilocybin Mushrooms: An Annotated Bibliography for Social Workers and Other Health Care Professionals.
SSRN Electronic Journal,


	CrossRef
	Google Scholar






Bonson, Katherine R
2012.
Encyclopedia of Life Sciences.


	CrossRef
	Google Scholar






Price, Julie C
2012.
Molecular Brain Imaging in the Multimodality Era.
Journal of Cerebral Blood Flow & Metabolism,
Vol. 32,
Issue. 7,
p.
1377.


	CrossRef
	Google Scholar






Sessa, Ben
2012.
Shaping the renaissance of psychedelic research.
The Lancet,
Vol. 380,
Issue. 9838,
p.
200.


	CrossRef
	Google Scholar






Roiser, Jonathan P.
and
Rees, Geraint
2012.
Neuroimaging: A Scanner, Colourfully.
Current Biology,
Vol. 22,
Issue. 7,
p.
R231.


	CrossRef
	Google Scholar






Tennison, M. N.
2012.
Moral Transhumanism: The Next Step.
Journal of Medicine and Philosophy,
Vol. 37,
Issue. 4,
p.
405.


	CrossRef
	Google Scholar






Nutt, David J.
King, Leslie A.
and
Nichols, David E.
2013.
Effects of Schedule I drug laws on neuroscience research and treatment innovation.
Nature Reviews Neuroscience,
Vol. 14,
Issue. 8,
p.
577.


	CrossRef
	Google Scholar






Nutt, David
2013.
Emerging Perspectives on Substance Misuse.
p.
206.


	CrossRef
	Google Scholar






Stebelska, Katarzyna
2013.
Fungal Hallucinogens Psilocin, Ibotenic Acid, and Muscimol.
Therapeutic Drug Monitoring,
Vol. 35,
Issue. 4,
p.
420.


	CrossRef
	Google Scholar






Roberts, Thomas B.
and
Winkelman, Michael J.
2013.
The Wiley‐Blackwell Handbook of Transpersonal Psychology.
p.
459.


	CrossRef
	Google Scholar






Burdick, Brittany Vasae
and
Adinoff, Bryon
2013.
A proposal to evaluate mechanistic efficacy of hallucinogens in addiction treatment.
The American Journal of Drug and Alcohol Abuse,
Vol. 39,
Issue. 5,
p.
291.


	CrossRef
	Google Scholar






Feilding, Amanda
2014.
Prohibition, Religious Freedom, and Human Rights: Regulating Traditional Drug Use.
p.
189.


	CrossRef
	Google Scholar






Nutt, David
2014.
Mind‐altering drugs and research: from presumptive prejudice to a Neuroscientific Enlightenment?.
EMBO reports,
Vol. 15,
Issue. 3,
p.
208.


	CrossRef
	Google Scholar






Chan, Ryan H.A.
and
Mendelson, John E.
2014.
The Effects of Drug Abuse on the Human Nervous System.
p.
533.


	CrossRef
	Google Scholar






Carhart-Harris, R. L.
Wall, M. B.
Erritzoe, D.
Kaelen, M.
Ferguson, B.
De Meer, I.
Tanner, M.
Bloomfield, M.
Williams, T. M.
Bolstridge, M.
Stewart, L.
Morgan, C. J.
Newbould, R. D.
Feilding, A.
Curran, H. V.
and
Nutt, D. J.
2014.
The effect of acutely administered MDMA on subjective and BOLD-fMRI responses to favourite and worst autobiographical memories.
The International Journal of Neuropsychopharmacology,
Vol. 17,
Issue. 04,
p.
527.


	CrossRef
	Google Scholar






Walsh, Charlotte
2014.
Prohibition, Religious Freedom, and Human Rights: Regulating Traditional Drug Use.
p.
211.


	CrossRef
	Google Scholar






Leech, Robert
and
Sharp, David J.
2014.
The role of the posterior cingulate cortex in cognition and disease.
Brain,
Vol. 137,
Issue. 1,
p.
12.


	CrossRef
	Google Scholar






Hendricks, Peter S
Clark, C Brendan
Johnson, Matthew W
Fontaine, Kevin R
and
Cropsey, Karen L
2014.
Hallucinogen use predicts reduced recidivism among substance-involved offenders under community corrections supervision.
Journal of Psychopharmacology,
Vol. 28,
Issue. 1,
p.
62.


	CrossRef
	Google Scholar






Bernasconi, F.
Schmidt, A.
Pokorny, T.
Kometer, M.
Seifritz, E.
and
Vollenweider, F. X.
2014.
Spatiotemporal Brain Dynamics of Emotional Face Processing Modulations Induced by the Serotonin 1A/2A Receptor Agonist Psilocybin.
Cerebral Cortex,
Vol. 24,
Issue. 12,
p.
3221.


	CrossRef
	Google Scholar






2014.
Molecules That Amaze Us.
p.
569.


	CrossRef
	Google Scholar





Download full list
















Google Scholar Citations

View all Google Scholar citations
for this article.














 

×






	Librarians
	Authors
	Publishing partners
	Agents
	Corporates








	

Additional Information











	Accessibility
	Our blog
	News
	Contact and help
	Cambridge Core legal notices
	Feedback
	Sitemap



Select your country preference




Afghanistan
Aland Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Bouvet Island
Brazil
British Indian Ocean Territory
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canada
Cape Verde
Cayman Islands
Central African Republic
Chad
Channel Islands, Isle of Man
Chile
China
Christmas Island
Cocos (Keeling) Islands
Colombia
Comoros
Congo
Congo, The Democratic Republic of the
Cook Islands
Costa Rica
Cote D'Ivoire
Croatia
Cuba
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
East Timor
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Falkland Islands (Malvinas)
Faroe Islands
Fiji
Finland
France
French Guiana
French Polynesia
French Southern Territories
Gabon
Gambia
Georgia
Germany
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guernsey
Guinea
Guinea-bissau
Guyana
Haiti
Heard and Mc Donald Islands
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran, Islamic Republic of
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jersey
Jordan
Kazakhstan
Kenya
Kiribati
Korea, Democratic People's Republic of
Korea, Republic of
Kuwait
Kyrgyzstan
Lao People's Democratic Republic
Latvia
Lebanon
Lesotho
Liberia
Libyan Arab Jamahiriya
Liechtenstein
Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Malaysia
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia, Federated States of
Moldova, Republic of
Monaco
Mongolia
Montenegro
Montserrat
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Northern Mariana Islands
Norway
Oman
Pakistan
Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Kitts and Nevis
Saint Lucia
Saint Vincent and the Grenadines
Samoa
San Marino
Sao Tome and Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
Somalia
South Africa
South Georgia and the South Sandwich Islands
Spain
Sri Lanka
St. Helena
St. Pierre and Miquelon
Sudan
Suriname
Svalbard and Jan Mayen Islands
Swaziland
Sweden
Switzerland
Syrian Arab Republic
Taiwan
Tajikistan
Tanzania, United Republic of
Thailand
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Turkey
Turkmenistan
Turks and Caicos Islands
Tuvalu
Uganda
Ukraine
United Arab Emirates
United Kingdom
United States
United States Minor Outlying Islands
United States Virgin Islands
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela
Vietnam
Virgin Islands (British)
Wallis and Futuna Islands
Western Sahara
Yemen
Zambia
Zimbabwe









Join us online

	









	









	









	









	


























	

Legal Information










	









	Rights & Permissions
	Copyright
	Privacy Notice
	Terms of use
	Cookies Policy
	
© Cambridge University Press 2024

	Back to top













	
© Cambridge University Press 2024

	Back to top












































Cancel

Confirm





×





















Save article to Kindle






To save this article to your Kindle, first ensure coreplatform@cambridge.org is added to your Approved Personal Document E-mail List under your Personal Document Settings on the Manage Your Content and Devices page of your Amazon account. Then enter the ‘name’ part of your Kindle email address below.
Find out more about saving to your Kindle.



Note you can select to save to either the @free.kindle.com or @kindle.com variations. ‘@free.kindle.com’ emails are free but can only be saved to your device when it is connected to wi-fi. ‘@kindle.com’ emails can be delivered even when you are not connected to wi-fi, but note that service fees apply.



Find out more about the Kindle Personal Document Service.








Implications for psychedelic-assisted psychotherapy: functional magnetic resonance imaging study with psilocybin








	Volume 200, Issue 3
	
R. L. Carhart-Harris (a1), R. Leech (a2), T. M. Williams (a3), D. Erritzoe (a4), N. Abbasi (a3), T. Bargiotas (a5), P. Hobden (a6), D. J. Sharp (a2), J. Evans (a6), A. Feilding (a7), R. G. Wise (a6) and D. J. Nutt (a8)

	DOI: https://doi.org/10.1192/bjp.bp.111.103309





 








Your Kindle email address




Please provide your Kindle email.



@free.kindle.com
@kindle.com (service fees apply)









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Dropbox







To save this article to your Dropbox account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Dropbox account.
Find out more about saving content to Dropbox.

 





Implications for psychedelic-assisted psychotherapy: functional magnetic resonance imaging study with psilocybin








	Volume 200, Issue 3
	
R. L. Carhart-Harris (a1), R. Leech (a2), T. M. Williams (a3), D. Erritzoe (a4), N. Abbasi (a3), T. Bargiotas (a5), P. Hobden (a6), D. J. Sharp (a2), J. Evans (a6), A. Feilding (a7), R. G. Wise (a6) and D. J. Nutt (a8)

	DOI: https://doi.org/10.1192/bjp.bp.111.103309





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Google Drive







To save this article to your Google Drive account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Google Drive account.
Find out more about saving content to Google Drive.

 





Implications for psychedelic-assisted psychotherapy: functional magnetic resonance imaging study with psilocybin








	Volume 200, Issue 3
	
R. L. Carhart-Harris (a1), R. Leech (a2), T. M. Williams (a3), D. Erritzoe (a4), N. Abbasi (a3), T. Bargiotas (a5), P. Hobden (a6), D. J. Sharp (a2), J. Evans (a6), A. Feilding (a7), R. G. Wise (a6) and D. J. Nutt (a8)

	DOI: https://doi.org/10.1192/bjp.bp.111.103309





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×



×



Reply to:

Submit a response













Title *

Please enter a title for your response.







Contents *


Contents help










Close Contents help









 



- No HTML tags allowed
- Web page URLs will display as text only
- Lines and paragraphs break automatically
- Attachments, images or tables are not permitted




Please enter your response.









Your details









First name *

Please enter your first name.




Last name *

Please enter your last name.




Email *


Email help










Close Email help









 



Your email address will be used in order to notify you when your comment has been reviewed by the moderator and in case the author(s) of the article or the moderator need to contact you directly.




Please enter a valid email address.






Occupation

Please enter your occupation.




Affiliation

Please enter any affiliation.















You have entered the maximum number of contributors






Conflicting interests








Do you have any conflicting interests? *

Conflicting interests help











Close Conflicting interests help









 



Please list any fees and grants from, employment by, consultancy for, shared ownership in or any close relationship with, at any time over the preceding 36 months, any organisation whose interests may be affected by the publication of the response. Please also list any non-financial associations or interests (personal, professional, political, institutional, religious or other) that a reasonable reader would want to know about in relation to the submitted work. This pertains to all the authors of the piece, their spouses or partners.





 Yes


 No




More information *

Please enter details of the conflict of interest or select 'No'.









  Please tick the box to confirm you agree to our Terms of use. *


Please accept terms of use.









  Please tick the box to confirm you agree that your name, comment and conflicts of interest (if accepted) will be visible on the website and your comment may be printed in the journal at the Editor’s discretion. *


Please confirm you agree that your details will be displayed.


















