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Positron Emission Tomography and 
Fluorodeoxyglucose Studies of Metabolic 
Hyperfrontality and Psychopathology 
in the Psilocybin Model of Psychosis 
F. X. Vollenweider, M.D., K. L. Leenders, M.D., C. Scharfetter, M.D., P. Maguire, Ph.D., 
0. Stadelmann, Ph.D., and J. Angst, M.D. 

The effects of the indolehallucinogen psilocybin, a mixed 
5-HT2 and 5-HT1 agonist, on regional cerebral glucose 
metabolism were investigated in 10 healthy volunteers with 
PET and [F-18]-fluorodeoxyglucose (FDG) prior to and 
following a 15- or 20-mg dose of psilocybin. 
Psychotomimetic doses of psilocybin were found to produce 
a global increase in cerebral metabolic rate of glucose 
(CMRglu) with significant and most marked increases in 
the frontomedial and frontolateral cortex (24.3%), anterior 
cingulate (24.9%), and temporomedial cortex (25.3%). 
Somewhat smaller increases of CMRglu were found in the 
basal ganglia (18.5%), and the smallest increases were 
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Psilocybin (o-Phosphoryl-4-hydroxy-N,N-dimethyltrypt
amine) and LSD (d-lysergic acid diethylamide) are two 
potent indolehallucinogens that can induce a psychosis
like syndrome in humans that resembles in various as
pects the first manifestation of schizophrenia (Hofmann 
1968; Leuner 1981). Ego disorders and perceptive changes 
of surroundings are especially prominent features of psy-
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found in the sensorimotor (14.7%) and occipital cortex 
(14.4%). The increases of CMRglu in the prefrontal cortex, 
anterior cingulate, temporomedial cortex, and putamen 
correlated positively with psychotic symptom formation, in 
particular with hallucinatory ego disintegration. The 
present data suggest that excessive 5-HT2 receptor 
activation results in a hyperfrontal metabolic pattern that 
parallels comparable metabolic findings associated with 
acute psychotic episodes in schizophrenics and contrasts 
with the hypofrontality in chronic schizophrenic patients. 
[Neuropsychopharmacology, 16:357-372, 1997] 
© 1997 American College of Neuropsychopharmacology 

chedelic and endogenous psychotic states (Fischman 
1983). Because of the structural similarities between psilo
cybin, LSD, and serotonin (5-hydroxytryptamine, 5-HT), 
early investigators hypothesized that the serotonergic 
system might play a critical role in the pathophysiology 
of schizophrenia (Gaddum and Hammeed 1954; Wooley 
and Shaw 1954). More recently, this hypothesis achieved 
renewed support, first by a growing body of electro
physiological, behavioral and radioligand-binding stud
ies suggesting that LSD and psilocybin exert their psy
chological effects through excessive 5-HT2 receptor 
activation (Braff and Geyer 1980; McKenna et al. 1989; 
Meert et al. 1989; Pierce and Peroutka 1989; Buckholtz 
et al. 1990; Burris et al. 1991); second, by the recent find
ing of 5-HT2 receptor abnormalities in postmortem schizo
phrenic brain (Mita et al. 1986; Arora and Meltzer 1991; 
Joyce et al. 1993; Laruelle et al. 1993; ); and third by the role 
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of 5-HT2 receptor antagonism of atypical neuroleptics 
such as clozapine and risperidone (Nyberg et al. 1993; and 
Meltzer et al. 1994). 

In the present PET and FOG study we take advan
tage of the psilocybin model of psychosis that provides 
a unique basis to investigate the associations between 
serotonin receptor activation, acute psychotic symptom 
formation, and metabolic alterations in the living hu
man brain. Positron emission tomography (PET) using 
[F-18]-fluorodeoxyglucose (FOG) enables one to ex
plore directly the interactive organization of the human 
brain, via the coupling of cerebral glucose and neuronal 
activity (Phelps et al. 1979). Hence relationships be
tween metabolic alterations and higher mental activity 
have begun to be examined in both normal and psycho
pathological conditions. With regard to schizophrenia, 
several PET studies have found absolute or relative 
metabolic hypofrontality in chronic schizophrenic pa
tients, especially when frontal activation tasks were used 
(Buchsbaum et al. 1982, 1990; Farkas et al. 1984; Wolkin 
et al. 1985; Volkow et al. 1987; Siegel et al. 1993). A 
number of PET studies, however, could not confirm this 
hypofrontality finding, possibly because some of these 
studies investigated mainly subacute schizophrenics 
(Sheppard et al. 1983; Widen et al. 1983; Volkow et al. 
1987; Wiesel et al. 1987). Other PET studies demon
strated a variety of abnormalities, including hypertem
porality (DeLisi et al. 1989), a left-right asymmetry of 
metabolism (Gur et al. 1987a, 1987b), and increased 
(Brodie et al. 1984; Wolkin et al. 1985) or reduced (Shep
pard et al. 1983; Buchsbaum et al. 1992; Siegel et al. 
1993) metabolism in the basal ganglia. These inconsis
tencies have been attributed to the heterogeneity of pa
tient selection, medication status, clinical state, and cog
nitive behavior of patients during PET investigations. 

More recent studies of drug-naive and chronic schizo
phrenic patients in acute episodes have revealed a hy
perfrontal metabolic pattern (Volkow et al. 1986; Cleg
horn et al. 1989; Ebmeier et al. 1993; Parellada et al. 
1994). The finding that acutely ill schizophrenic patients 
had more positive than negative symptoms (Cleghorn 
et al. 1989) suggests that overactivity of the frontal cortex 
could be ,m important pathophysiological manifestation 
of acute psychotic episodes. A frontostriatal dysfunction 
of sensory and cognitive information processing involv
ing the thalamic filter theory has been advanced in 
schizophrenia (Carlsson and Carlsson, 1990). According 
to this model, a glutamatergic and/ or dopaminergic 
neurotransmitter dysbalance in cortico-striato-thalamic 
(CST) feedback loops should theoretically lead to an 
opening of the thalamic filter and a subsequent sensory 
overload of the frontal cortex. Based on anatomical and 
pharmacological evidence, we have hypothesized that 
excessive activation of postsynaptic elements of the se
rotonergic projection sites to several components of the 
CST loops by psilocybin should also result in a disrup-
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tion of the thalamic gating mechanism and a sensory 
overflow of the frontal cortex associated with the sensory 
flooding and cognitive fragmentation seen in psilocybin 
and naturally occurring psychosis (Vollenweider, 1992). 

MATERIALS AND METHODS 

The study was approved by the Ethics Committee of 
the Psychiatric University Hospital of Zurich, and the 
use of psychoactive drugs by the Swiss Federal Health 
Office, Department of Pharmacology and Narcotics, 
Bern. The subjects were examined at the Research De
partment of the Psychiatric University Hospital of Zurich 
(PUK), the MRI Center of the University Hospital of 
Zurich, and the PET Department of the Paul Scherrer 
Institute Villigen (PSI). 

Subjects 

Fifteen healthy volunteers (8 males, 7 females) aged be
tween 26 and 43 years (mean :': SD = 33.3 :': 4.8) were re
cruited from university and hospital staff. Written con
sent was obtained. The subjects were screened by 
psychiatric interview to ensure that they had neither per
sonal nor family histories of major psychiatric disorders 
in first-degree relatives. Subjects with a history of illicit 
drug abuse were excluded from the study. The openness 
and neuroticism scales of the Freiburg Personality Inven
tory (FPI) (Fahrenberg et al. 1984) also were used as ex
clusion criteria (Table 1). Subjects were healthy according 
to physical examination, electrocardiogram, blood, and 
urine analysis. All subjects had normal MRI scans. 

Experimental Design 

Subjects were tested in an open study in two phases, a 
preliminary drug tolerance test phase (I) followed by a 
PET phase (II). The study was designed to explore the 
effects of three different conditions on cerebral meta
bolic rates of glucose (CMRglu) in a given subject under 
investigation. Thus in this study, a subject served as his 
or her own control to minimize interindividual variabil
ity of data. 

The 15 subjects were told that they would receive on 
three different occasions at monthly intervals a baseline 
PET scan, and a second and third PET scan in combina
tion with a stimulant (cl-amphetamine) or a hallucino
genic drug (psilocybin or ketamine). The study was not 
done blinded. The subjects knew that they would re
ceive a drug scan, but they did not know which of the 
three study drugs would be administered. Baseline and 
drug scans were performed in randomized order across 
subjects. Five of the subjects received psilocybin and 
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Table 1. Demographic Features and Global Psychopathological Scores under Psilocybin 

Baseline Condition Psilocybin Condition 

FPI FPI Psilocybin APZ EPI 
Volunteer# Sex Age Openness Neuroticism (mg/kg) Global Global 

1 M 35 10 3 0.28 21 40 
2 F 31 9 3 0.29 21 41 
3 M 42 10 1 0.28 11 47 
4 M 36 7 7 0.25 19 41 
5 M 39 5 3 0.26 30 48 
6 F 30 8 6 0.36 14 42 
7 M 45 6 2 0.20 29 42 
8 M 27 10 1 0.22 16 38 
9 M 33 7 2 0.20 23 40 

10 M 34 8 3 0.21 21 41 
Mean 35.3 8 3 0.26 37 42 
SD 5.6 1.8 2 0.05 12.6 3.1 

FPI (Freiburg Personality Inventory) scores for openness and neuroticism for 10 volunteers receiving psilo
cybin. Means and SD of normative data of healthy controls, sex, and age matched are for openness 6.8 ±: 2.8 
for males and 6.0 ±: 2.9 for females and for neuroticism 5.5 ±: 3.5 for males and 6.7 ±: 3.7 for females. Psilocy
bin was administered in capsules (15-20 mg PO) 90 minutes before PET scanning. The APZ (Altered State of 
Consciousness) and EPI (Ego Pathology Inventory) global scores refer to the phase during PET investigation. 

ketamine, five of the subjects received ketamine and 
d-amphetamine, and five of the subjects received psilo
cybin and d-amphetamine. 

This report focuses on the relation between psilocy
bin-induced cerebral metabolic alterations and psychot
omimetic reactions such as hallucinations and ego dis
orders. The effects of amphetamine and ketamine will 
be reported elsewhere. 

Based on previous studies of psilocybin-induced psy
chological reactions in healthy volunteers, the following 
psilocybin doses were selected to ensure psychotomi
metic effects, such as changes of affect, illusions, hallu
cinations, and loosening of ego boundaries, over a pe
riod of 120 to 180 minutes: 15 mg PO for subjects <50 
kg body weight and 20 mg PO for subjects >51 kg. Fasting 
subjects ingested capsules containing psilocybin (5 mg/ 
capsule) 90 minutes before FDG injection so that the 
FDG/PET measurement would coincide with the peak 
effect of the drug (Hasler et al. 1995). 

Substance 

Psilocybin (o-Phosphoryl-4-hydroxy-N,N-dimethyl-trypt
amine) was obtained through the Swiss Federal Health 
Office (BAG), Department of Pharmacology and Narcot
ics, Bern, and prepared as capsules (5 mg) at the Pharma
ceutical Institute of the University of Bern, Switzerland. 

Psychometric Scales 

All subjects were examined before and immediately af
ter each PET scan by an experienced psychiatrist (F.X.V.) 
to assess scores in baseline and drug conditions using 

the Ego Pathology Inventory (EPI) (Scharfetter 1981; 
Weber and Scharfetter 1984) and the inventory of the 
"Association for Methodology and Documentation in 
Psychiatry" (AMDP) (Arbeitsgemeinschaft fur Meth
odik und Dokumentation in der Psychiatrie AMDP, 
1981). From the AMDP inventory two total scores for 
manic-depression and schizophrenia (syndrome scores) 
and 12 subscale scores (Apathy, Hallucinatory-disinte
gration, Thought disorder, Mania, Depression, etc.) can 
be derived. The EPI reliably measures ego pathology 
and related behavior. The EPI yields a global score (EPI
glo) and five subscale scores that measure Ego identity 
impairment, Ego demarcation, Ego consistency, Ego ac
tivity, and Ego vitality. The Ego identity subscale mea
sures changes or loss of one's own identity in respect to 
gestalt, physiognomy, gender, geneological origin, and 
biography. The Ego demarcation subscale refers to one's 
uncertainty or lack in differentiating between ego and 
nonego spheres concerning the thought process, affec
tive state, and body experience. The Ego consistency 
subscale comprises the dissolution, splitting and de
struction in experiencing a coherent self, body, thought 
process, chain of feelings, and a structured external world. 
The Ego activity subscale refers to the deficit in one's 
own ability, potency or power for self-determined act
ing, thinking, feeling, and perceiving. The Ego vitality 
subscale includes the experience or fear of one's own 
death, of the fading away of liveliness, or of ruin of 
mankind or of the universe. Both construct and discrim
inant validity of the EPI inventory have been validated 
recently in schizophrenics and comparison patients by 
an extensive empirical study using confirmatory factor 
analysis (Scharfetter, 1995). 
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In addition to the symptom checklist SCL-90-R (Dero
gatis 1977), the Altered States of Consciousness Ques
tionnaire (APZ) (Dittrich 1985) was applied as a self
assessment inventory to evaluate drug effects. The APZ 
questionnaire consists of 72 items that yield a global 
score (APZglo) and three subscale scores (factors) mea
suring shifts in mood and changes in the experience of 
the self, ego, and environment in altered states of con
sciousness (ASC). The first subscale Oceanic boundless
ness (Ozeanische Selbstentgrenzung, OSE) measures 
changes in the sense of time and derealization and de
personalization phenomena associated with a positive 
basic mood ranging from heightened feelings to sub
lime happiness. The second subscale Dread of ego dis
solution (Angstvolle Ichauflosung, AIA) basically de
scribes a disintegrative state that encompasses the loss 
of autonomy and self-control concerning the thought 
process and intentionality, decision making, intentional 
actions, and spontaneous movements. The AJA-associ
ated changes in mood appear to be secondary and are 
characterized by paranoid feelings of endangerment, 
anxiety, arousal, and heightened attention to the sur
roundings, which appear to be strange and peculiar. 
The third subscale Visionary restructuralization (Vision
are Umstrukturierung; VUS) refers to an altered visual 
perception including elementary or complex (pseudo)
hallucinations or visions, synesthetic phenomena, a 
change of meaning of various precepts, difficulties dif
ferentiating between reality and the dreaming experience, 
as well as difficulties in gaining and keeping survey of 
what is going on with oneself and the environment (Dit
trich 1985). The three APZ dimensions have been shown 
to be independent of etiology, (e.g., the inducing fac
tor(s) of ASC) (Dittrich et al. 1981, 1985). 

Phase I: Preliminary Drug Exposure 

To reduce risks and anxiety and to determine the time 
course of the onset and peak effects of each drug, subjects 
received a preliminary drug exposure in a recreational 
environment at the PUK. Upon arriving at the PUK Re
search Department, subjects completed the predrug 
symptom checklist SCL-90-R. In the subsequent drug 
session, subjects were examined by an experienced psy
chiatrist before and at regular intervals after substance 
administration to evaluate the onset and the psycholog
ical peak effects using the Ego Pathology (EPI) and the 
AMDP inventory. The Altered States of Consciousness 
questionnaire (APZ) also was completed at the end of 
the session (change score analysis). Scores on the EPI 
and AMDP inventory after drug conditions were com
pared to scores after baseline and to scores after placebo 
conditions of a separate gender- and age-matched con
trol group. 

NEUROPSYCHOPHARMACOLOGY 1997-VOL. 16, NO. 5 

Phase II: PET Studies 

Each subject underwent at monthly intervals a baseline 
and two drug FOG-PET scans according to the group 
design of phase I. Upon arriving at the PSI PET Depart
ment (11:00 A.M.), subjects were examined using the 
AMDP and EPI rating scales. The predrug symptom 
checklist (SCL-90-R) also was completed. Following these 
baseline measures, psilocybin was administered. Drug 
pretreatment times were selected so peak effects would 
coincide with the beginning of the FOG-PET scan. Psilo
cybin was administered 90 minutes before FOG injection. 

Psilocybin FOG-PET scans were performed in 10 vol
unteers using a CTI (Siemens 933/04-16) tomograph. 
The scanner measures seven contiguous planes (width, 
8 mm) simultaneously with an in-plane transaxial reso
lution of 8 mm (full width half-maximum) after image 
reconstruction. Before tracer administration, a transmis
sion scan was performed using an external germanium 
68 I gallium 68 ring source with the field of view parallel 
to and from 20 to 76 mm above the orbitomeatal line 
(OM line) and in a second position displacing the field 
of view 40 mm in the cranial direction. A "dynamic 
scan" procedure with a series of consecutive scans with 
increasing time duration was performed during the 
first 48 minutes after tracer infusion. This scan was fol
lowed by one 5-minute scan in the second position, 50 
to 106 mm above the OM line ("static scan"). At each 
scan, seven planes were recorded simultaneously but, be
cause of two planes overlapping after axial displacement, 
the total number of recorded planes was twelve. FOG 
was infused slowly through an arm vein over 3 minutes 
using an infusion pump simultaneously with the begin
ning of the dynamic scan. The mean administered FOG 
dose was 177.6 MBq (107.3-244.2). Twenty-three arte
rial blood samples were collected from an indwelling 
radial artery catheter (Teflon, 0.8 mm) to determine 
blood plasma radioactivity, glucose concentration, and 
drug levels. An urethane foam head holder was made 
for each subject to fix the subject's head parallel to the 
OM line and to allow repeated PET experiments in vir
tually the same head position. 

Using planes from the last time point of the dynamic 
measurement, 43 to 48 minutes, and from the static 
measurement performed between 48 and 53 minutes af
ter injection, a contiguous set of 12 planes was formed 
representing uptake in a volume with an axial field of 
view 112 mm long. The autoradiographic method de
scribed by Rhodes (Rhodes et al. 1983) was used to form 
parametric images of rCMRglu for each of the planes 
independently on a pixel-by-pixel basis. 

The images were transformed into the standard ster
eotaxic space described by Talairach (Talairach and 
Toumoux 1988) using a combination of linear and non
linear transformations after automatic localization of 
the AC-PC line. Feature localization was determined by 
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intercomparison of the image volume with a set of stan
dard templates (Friston et al. 1989, 1991). 

After spatial standardization, a standardized set of re
gions of interest (ROis) (5.6 to 10.4 mm) using the Talair
ach coordinate system were placed symmetrically in cor
tical and subcortical regions in both hemispheres. The 
coordinates according to Talairach of the following ROis 
were determined and drawn in a number of adjacent 
planes: frontomedial (n = 8) and frontolateral cortex (n = 
8); insula (n = 1); anterior (n = 1) and posterior (n = 1) 
cingulate; parietal cortex (n = 2); somatosensory cortex 
(n = 1); motor cortex (n = l); temporal lateral (n = 4) and 
temporal medial cortex (n = 2); temporal pole (n = l); oc
cipital medial cortex including occipital medial anterior 
and posterior (n = 2); occipital lateral cortex (n = 2); cau
date nucleus (n = 3); putamen (n = 2); thalamus (n = 3); 
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cerebellum (n = 3); and white matter (n = 2). For each 
plane one total image ROI was determined (Figure 1). 

Because of the variable number of planes, the total 
interindividual number of ROis varied from 88 to 94 for 
both brain hemispheres, but the intraindividual number 
of ROis in the left and right hemispheres was always 
equal in a series of PET scans. The ROis were deter
mined either on the last frame of the dynamic sequence 
(45 minutes after tracer injection) or in the static image 
obtained in the second head position. For each time 
frame, the ROI value was determined, decay corrected, 
and expressed in Bq/ml. In addition to the individual 
ROI values, ROis in adjacent planes were pooled. Fur
thermore, all ROis defined in the frontal, temporal, and 
occipital cortex were pooled to a frontal, temporal, and 
occipital average. 
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Figure 1. Coordinates deter
mined using the Talairach 
coordinate system and super
imposed after normalization 
on each PET scan. Talairach 
coordinates of cortical and 
subcortical ROis: FRM, fron
tomedial cortex; FRL, fronto
lateral cortex; INS, insula; 
CGA, cingulate anterior; CGP, 
cingulate posterior; PAR, 
parietal cortex; SMS, soma
tosensory cortex; MOT, motor 
cortex; TEL, temporolateral cor
tex; TEM, temporomedial cor
tex; TEP, temporal pole; OCM, 
occipital medial cortex; OCL, 
occipitolateral cortex; CAU, 
caudate nucleus; PUT, puta
men; THA, thalamus; CER, cer
ebellum; WHM, white matter. 
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Regional glucose utilization was expressed as glucose 
metabolic rate (µmol/100 g/minute) and as relative 
glucose metabolic rate (ratio of absolute glucose meta
bolic rate to whole-brain mean glucose metabolic rate). 
Whole-brain mean glucose metabolic rate was calcu
lated as the mean of three total image ROis that cut 
through the basal ganglia. To compare metabolic data 
obtained in this study with data from schizophrenic pa
tients, metabolic ratios such as the frontal to occipital 
ratio were calculated by dividing glucose metabolic rate 
in frontal cortex by glucose metabolic rate of the occipi
tal cortex in the same hemisphere. Changes of absolute 
or relative metabolism and changes of metabolic ratios 
from a baseline to a psilocybin scan were assessed as 
percent difference from baseline. 

Plasma Psilocybin Assay 

Plasma psilocybin levels were measured using a high
performance liquid chromatography (HPLC) method 
with a sensitivity of less than 1 ng/ml for psilocybin 
(Hasler et al. 1995). During PET scanning the volun
teers' plasma was collected using the cannula in the ra
dial artery after 0, 10, 30, 48, and 54 minutes. All plasma 
samples were stored at -20°C until analysis. 

Statistical Analyses 

All analyses were performed by computer using SAS 
and STATISTICA/w™, version 4.5 (StatSoft™, 1993). 
In this study, each subject served as his or her own con
trol to minimize the effect of interindividual variation 
in metabolic rates and psychopathology scores. To ex
amine differences in CMRglu and psychopathology 
scores between the baseline and psilocybin condition, 
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the Wilcoxon matched pairs test was used. The Spear
man correlation coefficient was used to evaluate corre
lations between significantly changed metabolic rates or 
ratios and psychopathology scores and also to examine 
to what extent psilocybin doses (mg/kg) were predic
tive of metabolic or psycho(patho)logical alterations. As 
no correction for the number of comparisons was made, 
the results should be regarded as exploratory rather than 
confirmatory. 

RESULTS 

Psychopathology 

Psilocybin administration resulted in a psychotoxic syn
drome, including disturbances of emotion, sensory per
ception, thought processes, reality appraisal, and ego 
functioning as measured by the APZ, EPI and AMDP 
rating scales (Figure 2). The psychotic symptoms ap
peared 20 to 30 minutes after oral administration of 
psilocybin and reached their peak effects after another 
60 minutes, lasting for 1 to 2 hours. The symptoms had 
abated completely 5 to 6 hours after their initial appear
ance. The evolution of the syndrome was characterized 
by three phases. The initial phase, lasting 10 to 30 min
utes, was dominated by neurovegetative disturbances 
followed by a gradual increase of derealization and de
personalization phenomena, distortion of body image, 
and a feeling of inability to control emotional equilibrium. 

During the second phase, the peak period, derealiza
tion, and depersonalization phenomena became fully 
developed. Alterations of the sense of time and space 
(OSE), disturbances of sensory perception (VUS), as well 
as loosening of ego boundaries (OSE, AIA, EPI), were 

EPI 

Figure 2. Mean (±: SD) scores (t-trans
formed) of selected APZ, AMDP, and EPI 
subscales during baseline and psilocybin PET 
scanning. Bars indicate mean ±: SE. With the 
exception of AIA (p < .05) and apathy (NS), 
all psilocybin-induced psycho(patho)logical 
changes are significant at p < .Ol (Wilcoxon). 
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noted in all of the subjects. During this peak period, as 
PET scanning was started and subjects had their eyes 
closed, perceptual alterations included visual disturbances 
ranging from elementary (80% of subjects) to complex 
hallucinations (70% of subjects), synesthesias such as 
"soundseeing" or "colorhearing", and distortions in the 
auditory and olfactory modes (VUS). Some of the sub
jects ( 40%) reported recalling experiences of the recent 
and remote past associated with emotional disturbances 
and vivid scenery hallucinations. Auditory distortions 
were rather illusions than true hallucinations. Most of 
the subjects reported that they experienced a melody or 
rhythmic sound that was derived originally from the 
background noise such as the ventilation system of the 
PET scanner influencing their inner experience. Di
rected attention became difficult and subjects progres
sively lost their interest in the experimental situation. 
Thinking became sluggish and derealization phenom
ena sometimes influenced the content of thought. Dere
alization and loosening of ego boundaries were associ-
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ated in some of the subjects with a feeling of unreality 
and emotional alterations ranging from euphoria to a 
feeling of grandiosity or exaltation (high OSE scores), 
but other subjects reacted to derealization and deper
sonalization phenomena with misinterpretation of the 
experimental situation variously associated with height
ened anxiety, suspiciousness, or paranoid ideation (high 
AIA scores). Initially experienced elation in psilocybin 
subjects could, however, also result in transient dys
phoria and anxiety, especially when subjects realized 
that they were losing control over their thought. During 
this state of altered temporal and spatial relationships, 
ego functioning was impaired as measured by the glo
bal scale of the ego pathology inventory (Table l; EPI
glo). In particular, Ego identity and Ego-demarcation 
were impaired moderately. Higher ego pathology scores 
were found for Ego consistency and Ego activity, but 
virtually no changes from baseline were noted on the 
Ego vitality scale (Figure 2). During the terminal phase, 
psychological alterations gradually declined. 

Figure 3. Two [18F]-FDG-PET images of the same subject under baseline qeft) and psilocybin (right) conditions. Psilocybin 
administration (15-20 mg PO) resulted in a global increase of absolute cerebral metabolic rates of glucose (CMRglu: µmol/ 
100 mg/min) with most marked increases in the frontomedial (FRM), frontolateral (FRL), cingulate anterior (CGA), and tem
poromedial cortices (TEM). Subcortical structures such as the caudate nucleus, putamen, and thalamus were less stimulated 
than cortical regions. No significant changes were observed in either temporal pole. Red> orange > yellow > green = low
est value of CMRglu; note that the surface of the brain is not color-coded. 
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Absolute Whole-Brain and Regional Cerebral 
Metabolic Rates 

Psilocybin variously increased absolute cerebral meta
bolic rates of glucose (CMRglu) in most of the brain re
gions examined (Figure 3). Mean changes of absolute 
CMRglu (µmol/100 mg/min) from baseline to psilocy
bin scan were assessed as percent from baseline. Whole
brain glucose metabolism was increased in all subjects 
(mean change: 19.9 ± 4.8%, p < .01). As seen in Figure 
4, the highest increases of CMRglu were found bilater
ally in the frontomedial (left/right: 23.5%/25.6%), fron
tolateral (25.4%/22.7%), anterior cingulate, temporome
dial cortex (22.9%/27.1%), and thalamus (21.9%/25.0%). 
Smaller increases were found in the somatosensory 
(9.7%/19.1 %), motor (14.1 %/16.0%), occipitomedial cor
tex (13.7%/15.1%), and putamen (21.0%/15.5%). Pair
wise comparison of the regional changes revealed that 
the absolute increases in the frontal (average of fron
tomedial and lateral cortex) and temporomedial cortex 
were significantly higher than in the left and right oc
cipital cortex (average of occipitomedial and lateral cor
tex) and right putamen (p < .05). Similarly, increases in 
the anterior cingulate cortex were significantly higher 
than in the left somatosensory cortex, right putamen, 
and occipital cortex (p < .01). 

Increases of CMRglu in the frontal (p < .04), tempo
rolateral (p < .05), and motor (p < .02) cortex in the left 
hemisphere, and increases of CMRglu in the frontal (p < 
.04) and posterior cingulate cortex in the right hemisphere 
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significantly correlated with the amount of psilocybin ad
ministered per kilograms of body weight (mg/kg po). 

In the baseline condition, a left-greater-than-right 
asymmetry of glucose metabolic rate was found in the 
frontolateral (p < .01) and sensorimotor cortex (p < .01). 
Although psilocybin significantly increased the left
greater-than-right asymmetry seen in the frontolateral 
cortex (p < .01), the sensorimotor asymmetry was abol
ished by psilocybin. 

Cortico-cortico and Cortico-subcortical 
Metabolic Ratios 

To look for a hyper- or hypofrontal pattern of metabo
lism, ratios of metabolic rates between brain regions 
were calculated (Table 2). Mean changes of metabolic 
ratios from a baseline to a psilocybin scan were assessed 
as percent change from baseline (% left/% right). The 
frontomedial-occipitomedial ratio was increased signif
icantly in both hemispheres (9.7%/9.5%), indicating a 
hyperfrontal pattern. The ratio between the frontolat
eral and temporolateral cortex was changed slightly, 
but significantly in both hemispheres (3.8%/-2.1 %). Of 
the cortical-subcortical ratios the ratio between the fron
tomedial/ frontolateral cortex and putamen was in
creased significantly only in the right hemisphere (9.7% 
and 7.3%). Taken together, there were more significant 
increases of metabolic ratios in the right than in the left 
hemisphere (right:left ratio = 5:3). 
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Figure 4. Effects of psilocybin on absolute CMRglu (n = 10; mean ±: SE). With the exception of the temporal pole (p = NS), 
all increases are significant at the p < .05-.01 level. FRM, frontomedial cortex; FRL, frontolateral cortex; CGA, cingulate ante
rior; CGP, cingulate posterior; PAR, parietal cortex; SMS, somatosensory cortex; MOT, motor cortex; TEL, temporolateral 
cortex; TEM, temporomedial cortex; OCM, occipitomedial cortex; OCL, occipitolateral cortex; CAU, caudate nucleus; PUT, 
putamen; THA, thalamus; CER, cerebellum. 
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Table 2. Metabolic Gradients (ratios) under Baseline and Psilocybin Conditions 

Baseline Psilocybin 

Metabolic 
Gradients 

Left (n = 10) Right (n = 10) Left (n = 10) Right (n = 10) 

(ratios) Mean SD Mean SD Mean SD p level Mean SD p level 

FM-TM 1.32 0.13 1.39 0.18 1.31 0.07 NS 1.37 0.13 NS 
FM-TL 1.08 0.07 1.10 0.08 1.10 0.06 NS 1.10 0.05 NS 
FM-OM 1.03 0.09 1.06 0.13 1.12 0.07 <.05 1.15 0.06 <.05 

FM-OL 1.22 0.11 1.26 0.08 1.25 0.06 NS 1.35 0.13 <.05 
FM-PA 1.06 0.06 1.10 0.07 1.08 0.04 NS 1.12 0.07 NS 
FM-CA 1.04 0.08 1.06 0.06 1.07 0.06 NS 1.13 0.17 NS 
FM-PU 1.03 0.10 1.02 0.07 1.05 0.11 NS 1.11 0.07 <.05 

FM-TH 1.16 0.15 1.21 0.10 1.18 0.10 NS 1.23 0.08 NS 
FL-TM 1.31 0.14 1.33 0.16 1.32 0.05 NS 1.28 0.14 NS 
FL-TL 1.07 0.06 1.05 0.05 1.11 0.05 <.05 1.02 0.04 <.05 

FL-OM 1.03 0.09 1.01 0.12 1.14 0.09 NS 1.08 0.08 NS 
FL-OL 1.22 0.10 1.20 0.06 1.27 0.10 <.05 1.26 0.12 NS 
FL-PA 1.05 0.04 1.04 0.04 1.10 0.05 NS 1.04 0.06 NS 
FL-CA 1.04 0.07 1.01 0.06 1.08 0.09 .06 < p < .07 1.05 0.17 NS 
FL-PU 1.03 0.09 0.97 0.05 1.06 0.09 NS 1.04 0.07 <.05 
FL-TH 1.15 0.15 1.16 0.08 1.19 0.09 NS 1.15 0.09 NS 

Abbreviations: FM, frontomedial; FL, frontolateral; OM, occipitomedial; OL, occipitolateral; TM, temporomedial; TL, temporolateral; PA, parietal; 

CA, nucleus caudatus; PU, putamen; TH, thalamus. 

Correlations between Psychological and 
Metabolic Changes 

To explore the relationship between psilocybin-induced 
reactions and metabolic alterations, the APZ, AMDP, 
and EPI scores for hallucinatory disturbances, ego, and 
thought disorders were correlated with changes of ab
solute metabolic rates of glucose or metabolic ratios. 

Rglu in the left temporolateral cortex (p < .03) and 
putamen (p < .04). As seen in Table 3, the AMDP sub
scale score for Hallucinatory-disintegration (Hall), the 
APZ scores for VUS, including mainly items for illu
sions and hallucinations as well as the APZ scores for 
OSE, referring to derealization and depersonalization, 
showed negative correlations with the increase of the 
frontomedial-temporolateral ratio (Hall: p < .008; VUS: 
p < .04; OSE: p < .003) or the frontolateral-temporolat-

The AMDP syndrome score for schizophrenia showed 
positive correlations with the increases of absolute CM-

Table 3. Correlations between Psychopathology Scores and Change of Metabolic 
Gradients under Psilocybin (n = 10) 

Left Hemisphere Right Hemisphere 

Change of Correlation Change of Correlation 
Gradients (Spearman), Gradients (Spearman), 

p level Syndrome p Level p Level Syndrome p Level 

FM-OM <.05 Hall. (AMDP) lnverse-U <.05 Hall. (AMDP) Inverse-U 
FM-GA NS Identity (EPI) +0.003 NS 
FM-TM NS AIA(APZ) +0.05 NS Identity (EPI) +0.002 
FM-TL NS Hall. (AMDP) -0.008 NS Demarc. (EPI) +0.03 

VUS(APZ) -0.04 
OSE (APZ) -0.003 

FL-TL <.05 Hall. (AMDP) -0.05 <.05 
OSE (APZ) -0.01 

FL-PU NS Apathy (AMDP) +0.0002 <.05 AIA (APZ) +0.01 

Abbreviations: FM, frontomedial cortex; FL, frontolateral cortex; GA, cingulate anterior; CA, caudate nu
cleus; PU, putamen; TM, temporomedial cortex; TL, temporolateral cortex; OM, occipitomedial cortex; schizo, 
schizophrenic syndrome (AMDP syndrome score); hall., hallucinatory-disintegration (AMDP subscale score); 
identity, ego-identity impairment (EPI subscale score); AIA, dread of ego dissolution; VUS, visionary restruc
turalization; OSE, oceanic boundlessness. Significant changes of metabolic gradients are indicated by Wil
coxon's p. Values are not corrected for multiplicity of tests. 
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eral ratio (Hall: p < .05; OSE: p < .Ol) in the left hemi
sphere. Neither of these scales showed a significant cor
relation with the absolute changes of CMRglu in the 
frontal or temporolateral cortex. Scores for Hallucina
tory-disintegration also showed bilaterally an inverse 
U-relation with the frontomedial-occipitomedial ratio. 

The APZ scores for AIA comprising items for an anx
ious ego dissolution correlated positively with the in
crease of absolute CMRglu in the anterior cingulate cor
tex (p < .05) in both hemispheres. The AIA scores also 
correlated with the left frontomedial-temporomedial 
ratio (p < .05) and the right frontolateral-putamen ratio 
(p < .01). Of the ego pathology inventory, scores for 
Ego-identity impairment (p < .04) and Ego-demarca
tion (p < .04) showed a positive correlation with the in
crease of absolute CMRglu in the right frontomedial cor
tex. Scores for Ego-identity impairment also correlated 
positively with the change of the frontomedial-anterior 
cingulate ratio (p < .003) in the left hemisphere and the 
frontomedial-temporomedial ratio (p < .04) in the right 
hemisphere. The EPiglobal scores showed positive cor
relations with CMRglu in the left frontolateral cortex 
(p < .008), right frontomedial cortex (p < .03), and right 
cingulate posterior cortex (p < .01). 

DISCUSSION 

Psychopathology 

Psilocybin administration to the healthy volunteers in 
our study resulted in a psychosis-like syndrome that re
sembled in many ways acute schizophrenic experiences, 
but is different in other respects. Psilocybin produced 
changes in affect and mood (Isbell 1959; Hollister and 
Hartmann 1962; Malitz et al. 1965), alterations in the 
sense of time and space (Heimann 1963; Hill and Fi
scher 1973), illusions and hallucinations (Fischer et al. 
1969; Hollister 1961; Tosi et al. 1968), and impaired ego 
functioning. Hallucinatory-disintegration and loss of 
self-control over thought processes and intentionality 
are highly reminiscent of acute schizophrenic decom
pensation (Riimmele and Gnirss 1961; Keeler 1965; Bow
ers and Freedman 1966; Martindale and Fischer 1977; 
Heimann 1986; Scharfetter 1987). In particular, the find
ing of heightened awareness associated with euphoria 
and/ or visual hallucinations in psilocybin psychosis is 
in line with the notion that the earliest affective changes 
in schizophrenic patients often are pleasurable or exhil
arating (Chapman 1966; Bowers 1968; Hermle et al. 
1992; Gouzoulis et al. 1994) and that visual hallucina
tions occur significantly more often in acute than in 
chronic schizophrenic patients (McCabe et al. 1972; 
Freedman and Chapman, 1973; Gouzoulis et al. 1994). 
Emotional disturbances and thought disorganization 
appeared to be secondary to and influenced by dereal
ization and depersonalization phenomena, especially 
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when subjects were no longer able to distinguish inter
nal processes from external ones. At the doses tested, 
this difficulty in reality appraisal and impairment of 
ego functioning was transient and occurred only in 
some of the subjects. Typically, psilocybin subjects
unlike schizophrenics-could recognize derealization 
and depersonalization phenomena as abnormal experi
ences and attribute them to the drug. Interindividual 
differences in these responses might have been due ei
ther to variations in dosage or personality trait (Fischer 
et al. 1970; Thatcher et al. 1970). Comparison of the ego 
pathology (EPI) scores (mean values) of the present 
study with EPI scores obtained in first-episode schizo
phrenic patients revealed that the dimensions Ego-con
sistency (forming a coherent frame of reference) and 
Ego-identity were impaired similarly in both condi
tions. Scores for the dimension Ego-activity (one's self
determined acting, thinking, feeling, and perceiving) 
and scores for Ego-demarcation were only half of the 
values seen in schizophrenic patients. Similarly, the di
mension Ego-vitality was clearly less affected in psilo
cybin subjects than in schizophrenic patients (Scharfet
ter 1995). Taken together, the present findings support 
the notion that serotonergic agonists, such as psilocybin 
and LSD, can mimic some important aspects of schizo
phrenic psychoses (Claridge 1978; Leuner 1981; Fisch
man 1983), but that there also are differences (Hollister 
and Hartmann 1962; Thatcher et al. 1971; Parashos 1976). 

Metabolism and Serotonin 

The present PET data confirm the central hypothesis 
that psilocybin, a mixed serotonin 5-HT2 and 5-HT1 re
ceptor agonist, leads to a hyperfrontal metabolic pattern 
associated with acute psychotic symptom formation. 
This hyperfrontality finding is in line with the observation 
that administration of mescaline, which more specifi
cally acts on 5-HT2 receptors, resulted in a predominant 
activation of the frontal cortex during mescaline-induced 
psychosis (Hermle et al. 1993). Significant and marked 
increases of cerebral blood flow (CBF) after LSD admin
istration also have been found in the frontal and parietal 
cortices of the conscious rat brain (Goldman et al. 1975). 

There is substantial evidence that both indoleamine 
(LSD, psilocybin) and phenylethylamine hallucinogens 
(mescaline, DOM) might mediate their psychological ef
fects primarily through activation of 5-HT2A (and 5-HT2c) 
receptors located on cortical interneurons (Sanders
Bush et al. 1988; McKenna et al. 1989; Sadzot et al. 1989; 
Aghajanian 1994). A PET study using radiolabeled LSD 
found highest concentrations of 5-HT2 receptors in the 
frontal and temporal cortices, lower levels in the pari
etal cortex and motor regions, intermediate levels in the 
basal ganglia, and very low levels in the thalamus 
(Wong et al. 1987). Thus it is possible to assume that the 
present metabolic findings might be related to excessive 
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activation of 5-HT2 receptors in the brain. Although in 
the present study the psilocybin-induced pattern of 
metabolic changes approximately corresponds with the 
5-HT2 receptor-rich brain regions, the metabolic changes 
cannot be interpreted as due only to 5-HT2 receptor ac
tivation. In particular, the finding that the frontal cortex 
was metabolically two to three times more stimulated 
than the occipital cortex, despite their almost equal 5-HT2 

receptor densities (Bivier et al. 1994), indicates that reg
ulatory mechanisms and/ or other neurotransmitter 
systems also are implicated. 

The hyperfrontality finding can be interpreted in the 
light of the thalamic filter theory of schizophrenia 
(Carlsson and Carlsson, 1990), which suggests that dis
ruption of cortico-striato-thalamic (CST) feedback loops 
controlling a thalamic filter function should theoreti
cally lead to a sensory overload of the frontal cortex and 
its limbic relay stations. The marked metabolic stimula
tion of the frontal cortex, the anterior cingulate, the tem
poromedial cortex, and the thalamus seen in the present 
study is in line with such an interpretation, insofar that 
these regions are all components of the limbic CST loop. 
A similar activation pattern with a global increase of 
CMRglu and marked increases in the frontal cortex (30%-
34% ), cingulate anterior (34%), temporal cortex (16%-
19%), thalamus (22%-24%), and occipital cortex (16%) 
was found in the ketamine model of psychosis (Vollen
weider et al. in press). 

But unlike psilocybin, at psychotomimetic doses ke
tamine is thought to block primarily N-methyl-D-aspar
tate (NMDA) receptors (0ye et al. 1991). Thus blockage 
of NMDA receptors located on cortical GABAergic neu
rons may be a major cause responsible for the global in
crease of cortical metabolism under ketamine (Drejer 
and Honore, 1987), whereas inhibition of NMDA recep
tor mediated cortico-striatal neurotransmission might 
add to the marked frontocortical activation seen in the 
ketamine model of psychosis (Vollenweider et al. in 
press). The common hyperfrontality finding seen in 
both the psilocybin and ketamine model of psychoses 
suggests that metabolic hyperfrontality might be due to 
a common neurotransmitter dysbalance in cortico-stri
atal pathways. As 5-HT2 and NMDA receptors have 
been located on GABAergic neurons in the frontal cortex 
(Aghajanian 1994; Olney et al. 1991), GABAergic neurons 
in cortico striatal pathways may provide a common an
atomical substrate involved in the pathophysiology of 
psilocybin- and ketamine-induced metabolic hyperfron
tality. On the other hand, both psilocybin and ketamine 
have been reported to activate either directly or indirectly 
the dopaminergic system. As activation of the dopa
minergic pathways could theoretically lead to a disrup
tion of the information flow in CST loops, the possibility 
remains that dopamine also contributes to the pathophys
iology of hyperfrontality and acute psychotic symptom 
formations seen in both types of model psychoses (Da-
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Prada et al. 1975; Kehr 1977; Meltzer et al. 1978, 1981; 
Hiramatsu et al. 1989). 

Hyperfrontality and Psychopathology 

In the present study, the global ego pathology score 
(EPiglo) correlated positively with the increase of abso
lute CMRglu that extended from the left frontolateral to 
the right frontomedial cortex. Similarly, the APZ scale 
AJA, which refers more to an anxious ego dissolution, 
showed a positive correlation with the increase of CMRglu 
in the anterior cingulate cortex. These findings are gen
erally in line with our previous observation of a posi
tive correlation between ego pathology scores and met
abolic hyperfrontality in the ketamine model of 
psychosis (Vollenweider et al. in press). Moreover, 
scores for Ego-identity impairment and Ego-demarca
tion also showed (as previously reported for ketamine) 
a positive correlation with the increase of absolute CMR
glu in the right frontomedial cortex, whereas Ego-iden
tity impairment strongly correlated with the frontome
dial-anterior cingulate ratio in the left hemisphere and 
the frontomedial-temporomedial ratio in the right 
hemisphere. Thus the present findings support our pre
vious results suggesting that metabolic hyperfrontality 
might be related to ego disintegration and derealization 
phenomena, although functional alterations in related 
brain areas also might contribute to or disturb frontal 
lobe activity. 

This interpretation is further supported by recent 
SPECT and PET findings indicating that hyperfrontal
ity, rather than hypofrontality, is associated with acute 
psychotic symptom formation, particularly in acutely 
psychotic schizophrenics. For example, a hyperfrontal 
pattern of CBF (Ebmeier et al. 1993; Parellada et al. 
1994) or increased frontal to parietal ratio of CMRglu 
was found under resting conditions and associated 
with positive psychotic symptoms in acute unmedi
cated first-episode schizophrenics (Cleghorn et al. 1989; 
Kaplan et al. 1993). Similarly, a hyperfrontal metabolic 
pattern (Ebmeier et al. 1993) and a positive correlation 
between the increase in cerebral blood flow in the right 
anterior cingulate cortex and a "disorganization" syn
drome was found in unmedicated and medicated 
chronic schizophrenic patients in acute psychotic epi
sodes (Ebmeier et al. 1993; Liddle et al. 1992b). A right
greater-than-left metabolic hyperfrontality associated 
with derealization and depersonalization phenomena 
was found in the mescaline model of psychosis (Hermle 
et al. 1993). Thus the present observation of hyperfron
tality in the psilocybin model corroborates similar find
ings with ketamine and mescaline. The common effect 
of these three drugs appears to parallel comparable 
metabolic changes associated with acute psychotic epi
sodes in schizophrenics and contrasts with the hypo
frontality seen in chronic schizophrenic patients. 
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The finding of a correlation between impaired ego 
functioning and metabolic hyperfrontality is in line 
with clinical findings and theories of schizophrenia, 
suggesting that the functional integrity of the frontal 
and anterior cingulate cortex might be a critical compo
nent in the pathophysiology of psychotic symptom for
mation (Robbins, 1990; Benes, 1993). The frontomedial 
cortex has been shown to be involved in sustained at
tention implicated in action and thought processes, in 
memory functions (Petrides et al. 1993; Dolan et al. 
1994), and in the maintenance of goal directed behavior 
(Fuster, 1989). The frontolateral cortex has been associ
ated in cross association and synthesis of sensory mo
dalities, in structuring of episodes, as well as in judging 
and interpretation of visual and spatial information 
about the internal and external reality (Milner et al. 
1985; Pribram 1991; Wilson et al. 1993). The anterior cin
gulate cortex, which receives input from the dorsolateral 
prefrontal cortex, the parietal cortex, and limbic struc
tures, is involved in several functional networks impli
cated in attention, motivation, memory, emotion, and 
movement. Thus the anterior cingulate is thought to in
tegrate, rather than to mediate, prefrontally and limb
ically processed functions. 

Nevertheless, there also is some evidence that the an
terior cingulate might be a primary site for directing 
attention (Cohen et al. 1987; Petersen et al. 1988; Posner 
and Petersen, 1990). Direct electrical stimulation of the 
anterior cingulate cortex can lead to a spectrum of psy
chosensory and behavioral phenomena, including affec
tive changes, fear (Meyer et al. 1973), euphoria (Talairach 
et al. 1973), confusion and hallucinations (Escobedo et 
al. 1969), involuntary vocalization, and changes in speech 
(Meyer et al. 1973). In view of these findings, the associ
ation between derealization phenomena, ego pathology, 
and hypermetabolism in the anterior cingulate found in 
our subjects may be due to a direct disruption of pre
frontally processed functions itlld/ or to a dissociation 
of the functional interaction between the prefrontal cor
tex, the anterior cingulate, and their projection sites. In 
particular, sensory overload of the prefrontal cortex 
could lead to a dissociation of object and spatial pro
cessing domains within the prefrontal cortex, which in 
turn could lead to the mismatch of internal and external 
reality, the change of the sense of time and space, and 
the impairment of ego functioning seen in psilocybin 
subjects. In respect to the present hyperfrontality find
ing it is interesting to note that cingulotomy has been 
reported to have the best uniform outcome in patients 
with affective and anxiety disorders and second best in 
obsessive-compulsive disorders and schizophrenia pa
tients (Gonzalez 1980; Ballantine et al. 1987). 

The three rating scales (Hallucinatory-disintegration, 
VUS, and OSE) that overlap in their item pool measur
ing derealization and depersonalization phenomena 
showed a negative correlation with the increase of the 
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fronto-temporal ratios in the left hemisphere. This find
ing suggests that neuronal dysfunctions in remote areas 
of the frontal cortex such as the temporal lobe are criti
cally involved in the pathophysiology of ego disorders 
and hallucinations. This interpretation is supported by 
the fact that the AMDP syndrome score for Schizophre
nia correlated positively with the increase of CMRglu in 
the left temporal lobe. Likewise, a positive (Liddle et al. 
1992b) and negative (Ebmeier et al. 1993) correlation be
tween Reality distortion and CBF in the temporomedial 
cortex was found in chronic schizophrenic patients in 
acute episodes, but it has been suggested that the dis
crepancy in the direction of these correlations is due to 
different drug regimens (Ebmeier et al. 1993). 

The Schizophrenic syndrome and the global EPI 
score correlated also bilaterally with the increase of 
CMRglu in the putamen and in the left caudate nucleus. 
These results are in line with the findings of a positive 
correlation between Liddle's Reality distortion factor 
and increased CBF in the left ventral striatum (Liddle et 
al. 1992a) and caudate nucleus in unmedicated and 
medicated chronic schizophrenic patients during acute 
psychotic episodes. A significant correlation between 
improvement in acute psychotic symptoms and decrease 
in left caudate glucose metabolism also was found in 
unmedicated chronic schizophrenics (Buchsbaum et al. 
1987). Increased CMRglu in the left caudate nucleus 
(Wiesel et al. 1987) and increased CBF in the left globus 
pallidus (Early et al. 1987) and the right putamen (Eb
meier et al. 1993) was reported in drug-free schizo
phrenic patients. The variability of correlations and 
metabolic changes in the basal ganglia might possibly 
be due to different methodological approaches or to 
partial volume effects among the caudate, putamen, 
and globus pallidus. Taken together, the correlations in 
the psilocybin model of psychosis appear to parallel 
comparable metabolic changes in the basal ganglia as
sociated with acute psychotic symptoms in unmedi
cated chronic or first-episode schizophrenic patients. 

In conclusion, the present study suggests that the 
psilocybin-induced metabolic hyperfrontality and alter
ations in the left temporal lobe, the occipital cortex, and 
the basal ganglia relate to ego disintegration and hallu
cinations. The present hyperfrontality finding may be 
of particular importance because it is consistent with 
the recent hyperfrontality finding in acutely ill schizo
phrenic patients and contrasts with the hypofrontality 
finding in chronic schizophrenics. In combination with 
previous studies, the present results support the notion 
that the psilocybin model of psychosis provides a heu
ristic basis to investigate the role of 5-HT2 receptor acti
vation in the pathophysiology of schizophrenia. The 
possibility that 5-HT2 receptor activation by psilocybin 
could lead either directly or indirectly to increased 
dopaminergic activity is an issue that needs to be fur
ther investigated. 
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