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Abstract

Background—At subanesthetic doses, ketamine, an N-Methyl-D-aspartate (NMDA) glutamate
receptor antagonist, increases glutamate release. Here, we imaged the acute effect of ketamine on
brain metabotropic glutamatergic receptors subtype 5 (mGIuR5) with a high affinity PET ligand
[11C]ABP68S ((E)-3-((6-methylpyridin-2-yl)ethynyl)-cyclohex-2-enone-O-11C-methyl-oxime), a
negative allosteric modulator of mGIuRS.

Methods—Ten healthy nonsmoking human volunteers (34+13 years old) received two
[11C]ABP688 PET scans on the same day — before (scan 1) and during i.v. ketamine
administration (0.23mg/kg over 1min, then 0.58mg/kg over 1h; scan 2). PET data were acquired
for 90 min immediately following [*1C]ABP688 bolus injection. Input functions were obtained
through arterial blood sampling with metabolite analysis.

Results—A significant reduction in [11C]ABP688 volume of distribution (V) was observed in
scan 2 relative to scan 1 of 21.3 + 21.4%, on average, in the anterior cingulate, medial prefrontal
cortex, orbital prefrontal cortex, ventral striatum, parietal lobe, dorsal putamen, dorsal caudate,
amygdala, and hippocampus. There was a significant increase in measurements of dissociative
state after ketamine initiation (p<0.05) that resolved after completion of the scan.

Discussion—This study provides first evidence that ketamine administration decreases
[11C]ABP688 binding in vivo in human subjects. Results suggest that [11C]ABP688 binding is
sensitive to ketamine-induced effects, although the high individual variation in ketamine response
requires further examination.

Keywords
ketamine; PET; [11C]ABP688; glutamate; mGIuR5; brain

Introduction

Glutamate, the principal excitatory neurotransmitter, is found throughout the brain, and
alterations in the glutamatergic system have been implicated in variety of disorders,
including addiction (1-3), major depressive disorder (MDD) (4-6), and bipolar disorder (BD)
(7). Glutamate may contribute to abnormalities in sleep, appetite, motivation, and
concentration (8). Altering the glutamatergic system may thus lead to improvements in
functioning, and glutamatergic agents are being actively evaluated as potential rapidly acting
antidepressants (9-12).

The noncompetitive N-Methyl-D-aspartate (NMDA) glutamate receptor antagonist,
ketamine, has been extensively studied for its capacity to produce a rapid antidepressant
response (within 4-24 hrs) in treatment-resistant depression (11, 13-17). The neurobiology
underlying the antidepressant effects of ketamine is being explicated by current research.
Perhaps as a consequence of its ability to reduce the recruitment of GABA interneurons,
administration of subanesthetic ketamine doses stimulate or disinhibit cortical glutamate
release, as measured in rodents with in vivo microdialysis (18, 19) and magnetic resonance
spectroscopy (20) (33CMRS) and in humans with magnetic resonance spectroscopy (21)
(*H-MRS). Improving our understanding of the cascade of events that occur after glutamate
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release is necessary to provide insight into the mechanism of action of ketamine. For
example, glutamate release produced by ketamine stimulates -amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA) receptors, enhancing downstream signaling mechanisms,
such as the mammalian target of rapamycin (mTOR) pathway (22). Enhanced signaling
rapidly increases dendritic spine production, reversing deficits in spines associated with the
unpredictable stress model in rats (23). The disinhibition in cortical networks produced by
ketamine is reflected in increased resting state cortical functional connectivity, as measured
with functional MRI (24, 25). However, much is still unknown about the downstream effects
at other glutamate receptors.

The purpose of the current study was to explore whether increases in glutamate release
produced by ketamine administration in humans would be reflected in reductions in ligand
binding to metabotropic glutamatergic receptors (mGIuR5). Generally speaking, there are
parallels between the proposed approach and paradigms employed to characterize changes in
neurotransmitters such as GABA, acetylcholine, and dopamine release in psychiatric illness
and other diseases (26-30). In those cases, the radioligand and the neurotransmitter bind to
the same site. However, the available ligands for measurement of mGIuR5 using positron
emission tomography (PET) ([18F]FPEB (31, 32), [11C]ABP688 (4, 33-35), and [*1C]SP203
(36)) are negative allosteric modulators (NAMs). Therefore, in contrast to previous studies,
the current study explores the hypothesis that glutamate released during the infusion of
ketamine, a drug that does not bind to mGIuR5 with high affinity, would reduce
[11C]ABP688 binding to mGIuR5 through mechanisms other than direct competition.

Methods and Materials

Subjects

This study was approved by the Yale University Institutional Review Board and Radiation
Safety Committee and by the Yale-New Haven Hospital Radiation Safety Committee. After
completing the informed consent process, inclusion criteria were assessed by the following:
physical, routine blood tests, psychiatric and neurological examination. A urine drug screen,
ECG, and a pregnancy test (for women) were performed at screening and before radiotracer
administration. General inclusion criteria were: 1. Subjects are between 18 and 60 years old,
2. English speaking, 3. No current, or history of, any DSM-IV diagnosis, 4. No first-degree
relative with history of psychotic, mood, or anxiety disorder, 5. No recent regular
medication use, and no history of psychiatric medication use. Thirteen subjects were deemed
eligible to participate in the study. Of those, one subject was withdrawn from the study after
the baseline PET scan due to high blood pressure (prior to ketamine administration); two
could not tolerate the full ketamine dose and were unable to continue with the scanning
procedures, thus their data was discarded. In total, ten healthy non-smoking volunteers (5
males, 5 females) completed this study (mean age: 33.5 £+ 13.2 years).

Psychiatric Assessments

Psychiatric history and a structured clinical interview (SCID-NP) were conducted at
screening. The Hamilton Rating Scale for Depression (HAM-D 29) (37), Montgomery—
Asberg Depression Rating Scale (MADRS) (38), and Beck Depression Inventory (BDI) (39)
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were used to assess subjects’ depressive symptoms during intake and on PET scan day
(before and 30 min and 24 hours after ketamine administration). The effects of ketamine on
the subject's mental state were subjectively assessed using the Clinician Administered
Dissociative State Scale (CADSS) (40) and Profile of Mood States (POMS) (41).

Positron Emission Tomography

High specific activity [11C]ABP688 (1073 + 370 MBg/nmol at EOS) was produced from the
reaction of [11C]methyl iodide with desmethyl-ABP688 using the loop method developed by
Nabulsi (42). The average radiochemical and chemical purities were 97% (n = 20). The
average E/Z isomer ratio in the final PET drug product was 70:1 (by analytical radio HPLC
area percent, with E being the major isomer). The E-isomer has been shown to exhibit a
higher Kp in vivo (43). PET imaging was performed on a High-Resolution Research
Tomograph (HRRT, Siemens, Knoxville, TN). A 6 min transmission scan was acquired
before injection. [11C]ABP688 was then administered as a bolus over 1 min and emission
data were collected for 90 min in list mode. (Ninety minutes of data were collected in case
60 min were not sufficient to capture ketamine-induced effects. However, due to the rapid
effects of ketamine, this was not the case.) Sixty min of list-mode data were used, binned
into 14 frames (6 at 30 sec, 3 at one min, 2 at 2 min, and 10 at 5 min duration), based on
previous analysis with this tracer that indicated that 60 min is sufficient (44, 45). Head
motion was recorded during the scan using a commercial optical tracking system, the Polaris
Vicra system (Northern Digital Inc., Waterloo, ON, Canada). Images were reconstructed and
corrected for attenuation, scatter, and motion using the MOLAR algorithm (46).

Following the baseline [11C]ABP688 scan, subjects were given a short (~ 1 hour) break and
then received the ketamine challenge scan. A second [1C]ABP688 dose was administered
over 1 min and then ketamine was administered immediately after successful radioligand
administration. This design was used in order to decrease subject burden in case of
equipment failure, and to ensure capture of the immediate effects of ketamine, given that it
induces a rapid glutamate release. Vital signs (pulse, blood pressure, and SPO,) were
obtained before and after ketamine administration, and during the ketamine infusion (at 5-10
min intervals).

Racemic ketamine was obtained from the Yale New Haven Hospital Pharmacy and
administered intravenously, as previously described (47, 48) (initial bolus of 0.23 mg/kg
over 1 min followed by constant infusion of 0.58 mg/kg per hour over 1 hour). This is a
subanesthetic but psychotomimetic dose. This dosing regimen of ketamine was used, instead
of the usual antidepressant dosing of 0.5 mg/kg over 40 min, to enhance statistical power by
inducing a larger glutamate surge as suggested by prior ketamine studies (49-51). Both
dosing regimens are similar in the fact that they result in comparable changes in cognition
and perception but do not cause the anesthetic effect. At 5, 15, 30, and 75 minutes, blood
ketamine levels were assessed, as previously described (48), in all subjects except for #10
(venous blood samples for ketamine analysis could not be drawn after study initiation).

In order to perform delineation of anatomical regions on the PET data, images were
coregistered with T1-weighted Magnetic Resonance Images (MRIs) acquired on a 3T Trio
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imaging system (Siemens Medical Systems, Erlangen, Germany) with a voxel size of 1 x 1
x 1 mm.

Input Function Measurement

Prior to PET imaging, catheters were inserted in the radial artery and forearm veins for
arterial blood sampling and radioisotope injection, respectively. Blood activity was
measured continuously for the first 7 min after radiotracer administration, and manually at 2,
4,9, 12, 15, 20, 25, 30, 40, 50, and 60 min. Radioactivity was analyzed as described
previously (52). After correction for delay and dispersion as previously described (53), the
automated and manual plasma concentration values were merged and smoothed by
convolution with a Gaussian function (FWHM = 24 s).

An HPLC assay of five of the arterial blood samples (at 0, 4, 12, 30, and 60) was used to
establish unmetabolized parent compound levels (54). Unmetabolized parent fraction levels
were fitted with a Hill function, which is described by three parameters (A, B, and C), in
which percent parent compound = A*(tB/[tB+C]) + 1, where t is time (55). The input
function was calculated as the product of the interpolated parent fraction and the merged
plasma counts. This combined data was then fitted as the combination of a straight line and
the sum of three exponentials, describing the function before and after the peak,
respectively, resulting in the metabolite-corrected arterial input function. Free fraction (fp)
measurements were performed using an ultrafiltration technique (54). However, all
measured free fraction values were < 3% and considered unreliable, as has been shown
previously (44).

Image Analysis

Image analysis was performed using MATLAB (The MathWorks, Natick, MA). Subsequent
frames of each PET study were registered to the eighth frame using the FMRIB linear image
registration tool (FLIRT), version 5.0 (FMRIB Image Analysis Group, Oxford, UK), to
correct for residual subject motion that may not have been accounted for by the Polaris
Vicra system. Probabilistic regions of interest were determined using nonlinear registration
techniques as previously described (56). The mean PET image was then coregistered to the
subject's MRI using a semi-automated technique (57). Time activity curves were generated
from the mean of the measured activity, weighted by regional label probabilities, within a
region over the time course of the PET acquisition.

Outcome Measure Calculation

Regional outcome measures were calculated using an unconstrained two-tissue compartment
(2TC) model, as previously validated for this tracer (45). For computational efficiency, the
Logan graphical approach was used for voxel analysis (58). Given the unreliable fp values
and lack of a reference region (59), V1 (volume of distribution: ratio of the concentration of
the ligand in the region of interest to that in the plasma at equilibrium (60)) was used as the
outcome measure. Percent change in radioligand binding was calculated as [(VT paseline-

VT,ketamine) / VT,baseIine]*loo-
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Statistical Analysis

Results

To determine the significance of detected binding differences due to ketamine
administration, a linear mixed-effects model with region as a fixed effect was applied to the
data. The dependence structure among regions and scans from the same subject was
modeled using the Kronecker product between unrestricted symmetry (to model the
correlation among all regions) and compound symmetry (to model the correlation between
two scans). The interaction term between region and scan was examined and removed from
the model if appropriate. Linear mixed models for longitudinal data were also used to model
change in patients’ vital signs after ketamine administration. The dependence structure used
in these models was compound symmetry. The paired comparisons of scores from subjective
reports from two time points were carried out through Wilcoxon's signed rank test. Both
unadjusted p-values and False Discovery Rate (FDR) corrected values, based on Benjamini
& Hochberg method, were reported for these paired comparisons. All tests were two-sided
and all analyses were carried out using R 3.0.2 (http://www.r-project.org/) and SAS 9.3
(SAS Institute Inc., Cary, NC).

Vital Signs/Subjective Report

On average, there was a significant increase in heart rate and blood pressure after start of
ketamine (compared to baseline, Table 1). After 30 minutes, both heart rate and blood
pressure had mostly returned to baseline levels. SPO, levels remained relatively constant.

Significant changes in Clinician Administered Dissociative State Scale (CADSS) scores
were observed. Baseline values (acquired prior to scan 1) were 0 for all subjects, except
Subject 2, who reported a value of 1 for the CADSS 12 and derealization subscale. Subjects
scored significantly higher on many CADSS subscales during ketamine as compared to
baseline (Figure 1). There were no significant differences between scores at baseline and
study end (60 min post ketamine). There were no significant differences in the POMS, BDI,
or MADRS scores during the ketamine challenge compared to baseline. (The HAM-D was
only collected at baseline for most subjects, Table 2.)

Tracer Metabolism/Clearance

There were no significant differences between scans (scan 1, scan 2, p-value) in the injected
dose (576£136MBg, 593+116MBq, 0.63), specific activity (215.2 £ 194.4 MBg/nmol, 246.4
+224.2 MBg/nmol, 0.56) or mass (1.1 £ 0.7 pg, 1.2 + 1.0 pg, 0.85). To assess the potential
effects of ketamine on tracer metabolism, the fitted average unmetabolized parent compound
curves were evaluated before and after the ketamine infusion. Two of the three parameters
(A and B, see Input Function Measurement) used to fit the subjects’ metabolite values were
significantly different post-ketamine versus pre-ketamine (p = 0.02 in both cases) indicating
a potential ketamine-induced slowing of metabolism or tracer clearance. Further, when the
delivery rate of the [11C]ABP688 from arterial plasma to the tissue was examined (K; (60)),
significant increases in this parameter were observed in a region dependent manner (p =
0.018, linear mixed effects model). However, clearance values, calculated as the injected
dose divided by the extrapolated area under the metabolite-corrected arterial input function
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(61), were not significantly different across scans (baseline: 99.3 £ 32.2 L/h, ketamine: 90.1
+27.7 L/h, p=0.23).

Ketamine-Induced Change in [11C]ABP688 Binding

A significant reduction in [11C]JABP688 binding was observed qualitatively and
quantitatively (Figures 2 and 3). [21C]ABP688 binding (V1) significantly decreased in a
region-dependent manner after ketamine administration, as compared to the baseline scan
(all region-specific p < 0.007, linear mixed effects model, including all brain regions in
Figure 3) (Figures 2-4). On average, there was a 21.3% decrease in regional VT after
ketamine across all regions and subjects. The average ketamine-induced change in V1
(across all subjects) was 20£23% in the anterior cingulate (Figure 4a), 20£22% in the
medial prefrontal cortex (Figure 4b), 20+22% in the orbital prefrontal cortex, 20£22% in the
ventral striatum (Figure 4c), 21+20% in the parietal lobe, 22+21% in the dorsal putamen,
20+22% in the dorsal caudate (Figure 4d), 25+21% in the amygdala (Figure 4e) and
22+20% in the hippocampus. Similar to the high binding regions, the cerebellum showed
high variability in binding change (average binding decrease: 16.4% + 18.8%, range: 42.4%
decrease to 14.1% increase, Figure 4f). The red lines in Figure 4 indicate the change in
average regional V1 after ketamine administration.

Blood ketamine levels were variable, with averages (over the first 30 min) ranging from 82
+ 65 ng/mL to 202 £ 30 ng/mL. No significant correlations were observed between CADSS
subscores (average, amnesia, depersonalization, or derealization) and ketamine levels.
Further, no significant correlations were observed between CADSS subscores, or total
injected amount of ketamine or ketamine concentration in blood, and average V1 percent
change.

Discussion

The goal of this study was to develop a paradigm to measure ketamine-induced changes in
mGIuR5 availability as an index of glutamate release using PET and [11C]ABP688. We
provide first evidence that ketamine administration decreases [11C]ABP688 binding in vivo
in human subjects. Increases in heart rate, blood pressure and self-report on a questionnaire
of dissociative symptoms were in line with ketamine effects.

We observed a global reduction of ~20% in [11C]ABP688 binding with ketamine
administration. It is conventional to compare such changes to that measured in test/retest
scans. Using a test/retest design, preclinical literature shows excellent reproducibility of
[11C]ABP688 binding (5-10% (34, 44, 62)) although human studies are less consistent (33,
35). Burger et al. (35) found high reproducibility between bolus and bolus/infusion studies
in five healthy male volunteers scanned a few weeks apart (average percent difference
<1%). However, we reported an increase (19.7%, on average) in [11C]JABP688 binding
during the second (same day afternoon) scan of a bolus test/retest paradigm (33). It is
important to note that, in the current study, the average binding decreased in the second
(ketamine) scan. Thus, this effect is therefore likely not attributable to tracer binding
variability, and could potentially be underestimated because of the test-retest effects we
previously reported.
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In this study, changes in V1, which include both specific and nonspecific binding, were
measured. It was not possible to directly measure specific binding, since a region devoid of
mGIURS receptors in the human brain does not exist; therefore, there is no reference region
to be used for this ligand (44, 63, 64). Without a true estimate of the nondisplaceable
binding (Vnp), specific binding potential (BPp or BPyp) cannot be reliably estimated
directly. We therefore estimated BPyp using a previously described technique (data not
shown). Kagedal and colleagues (64) administered an mGIuR5 negative allosteric modulator
(AZD6200) to healthy human subjects and used a nonlinear mixed effects model to
simultaneously estimate mGIuR5 occupancy and nondisplaceable binding in the cerebellum.
By fixing the ratio of cerebellar nonspecific to specific binding to that estimated by Kagedal
et al (1.33), we estimated Vp from baseline images and used it to estimate BPyp (in the
baseline and ketamine images). Using this estimate, as expected, percentage changes in
[11C]ABP688 BPyp were slightly larger than those observed using VT with evidence of a
scan by region interaction (anterior cingulate 28+30%, medial prefrontal cortex 29+31%,
orbital prefrontal cortex 29+31%, ventral striatum 29+30%, parietal lobe 30+29%, dorsal
putamen 32+30%, dorsal caudate 30+33%, amygdala 38+30% and hippocampus 34+29%,
all region-specific p < 0.001, based on the linear mixed effects model).

Results indicate that [11C]ABP688 V1 decreased in all brain regions. Given that
[11C]ABP688 and glutamate bind at different sites on the receptor, this decrease should not
be due to direct competition. However, the mechanism responsible for the change in
[11C]ABP688 binding is not clear. Previously, it was shown that N-acetylcysteine (NAC)
administration to baboons, which raises extrasynaptic glutamate levels through activating
the cystine-glutamate antiporter, reduced [11C]ABP688 binding (10-20% of BPyp) (34).
The authors hypothesized that the decrease in BPyp (proportional to the affinity of the
radiotracer for the binding site) represented a reduction in tracer affinity in response to
increase in glutamate. This mechanism requires further investigation since a similar
investigation in rhesus monkeys did not replicate this effect (42). One potential mechanism
is through increased mGIuRS5 internalization, which reduces ligand affinity by altering the
local intracellular milieu. Regardless of the method by which mGIuRS5 affinity is decreased,
the clinical implication is that this reduced affinity is required for ketamine's downstream
effects. This is analogous to our understanding of SSRIs, in which desensitization of the
serotonin 1A (5-HTq4) receptor is known to occur after chronic SSRI exposure. Although
the mechanism is still unknown, preclinical studies suggest that 5-HTq internalization may
be one process by which this occurs (65, 66). Preclinical studies have also shown that
receptors such as 5-HT,a and the Dopamine D2 receptor can experience rapid
internalization (67, 68), as may be the case with mGIuR5. As such, similar preclinical
studies will be needed to fully understand ketamine-induced effects at mGIuR5.

The relationship between ketamine-induced effects and mGIuR5 binding also needs to be
further evaluated. Although ketamine-induced dissociative symptoms were observed in this
study, they were not correlated with changes in [11C]ABP688 binding. This is most likely
due to the small sample size and the limited range of behavioral score change (due to the
fact that these were healthy volunteers). It is also possible that these correlations will only be
found after some threshold of V1 change is observed. In this study, seven subjects
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experienced <20% change in average V after ketamine infusion and three subjects
experienced >40% change. This makes uncovering correlations challenging. With a greater
number of subjects, there will be more data available to examine correlations at higher
percent differences.

As mentioned above, mGIuR5 dysfunction has been implicated in models of disease,
including depression and addiction. In this work, effects of ketamine treatment on mGIuR5
were examined. However, in order to fully elucidate the pathways by which these ketamine-
induced effects are clinically therapeutic, a greater understanding about both the role of
mGIuR5 in these diseases and the downstream effects of mGIuR5 modulation are required.
Imaging studies such as this would be useful for this purpose, both shedding light on
pathophysiology as well as potentially aiding in development of novel therapeutics.

Limitations of this study include: (1) Determination of Mechanism. This study is the first to
demonstrate an effect of ketamine administration on [11C]JABP688 binding in humans.
However, the mechanism by which this binding reduction occurs remains to be determined.
For this reason, it is difficult to assess the cause of the inter-subject variation in ketamine
response. Although this variation may be due to individual differences in glutamate release
following ketamine administration, as has been previously observed (21), further studies are
needed to assess this possibility. (2) No placebo group. All of the subjects were aware they
were being administered ketamine and of ketamine's effects, and thus their subjective reports
may have been influenced accordingly. However, as this study establishes the proof of
concept, future studies can be conducted with a placebo group. Further, with the paradigm
established, future studies could be performed in a depressed population, in which mGIuR5
binding changes can be associated with response (to either ketamine or placebo). (3)
Potential dynamic effects of ketamine that alter tracer delivery and washout. The kinetic
modeling used assumes equilibrium conditions (60); however, blood pressure and heart rate
were transiently elevated during ketamine administration. Further, ketamine has been shown
to induce blood flow elevations in frontal regions (70-72), as measured with fMRI, although
the reported effect was not large and localized to a few regions. A similar effect was
observed in the current study, with a region-dependent increases in tracer delivery (K;)
throughout the brain. Despite this, we did not detect significant changes in clearance
between scans. Further, potential ketamine-induced changes (e.g. metabolism) are accounted
for using the outcome measure V1 through the use of the metabolite-corrected arterial input
function.

In conclusion, we developed a paradigm to measure ketamine-induced changes in
[11C]ABP688 binding in vivo in human subjects, which may reflect increases in endogenous
glutamate. This finding raises the possibility that this pharmaco-PET paradigm may be a
useful approach for characterizing changes in regional brain glutamate release, a potentially
important new strategy for studying the neurobiology and treatment of neuropsychiatric
disorders.
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Average Clinician Administered Dissociative State Scale (CADSS) subscale scores at
baseline (before scan 1), during and after the ketamine challenge scan. These assessments
were recorded for nine subjects (n=9), except for CADSS 20-23, which were only recorded
for seven subjects. Error bars represent the standard deviation in CADSS subscores across
subjects. Asterisks represent subscales that were significantly different (p < 0.05,
uncorrected) between baseline and during the ketamine scan. (With FDR correction all

marked subscales had p < 0.13.)
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Figure 2.
Average axial, sagittal, and coronal views of [11C]JABP688 binding before and after

ketamine administration. For each subject (n=10), the volume of distribution (V1) was
calculated at every voxel. These images were warped into standard space using the
Automatic Registration Toolbox, ART(73), as previously described.(56) The top row shows
the magnetic resonance image template, for anatomical reference.(74) The middle and
bottom rows show the corresponding views of the mean [11C]JABP688 V1 image. The V1
value associated with each color is indicated by the color bar.
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Figure 3.
Average Volume of Distribution (V1) across subjects (n = 10). Average values during the

baseline scans (black bars) and challenge scans (white bars) are shown. Regions are
organized from left to right in order of highest to lowest mean baseline binding. Differences
in all regions shown are statistically significant (p<0.05, uncorrected) in post hoc testing.
Error bars represent standard deviation across subjects.
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Figure 4.
Effects of Ketamine within each subject. The change in VT in high (anterior cingulate, a,

medial prefrontal cortex, b, and ventral striatum, c) and low (dosal caudate, d, amygdala, e,
and cerebellum, f) binding regions is shown. Each line segment represents a different
subject. Average change is indicated in red.
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Mean and standard deviation of subjects’ vital signs before and during the ketamine infusion scan.

Table 1

Min Post Ketamine | Systolic BP Diastolic BP | Heart Rate SPO, (%)
Baseline 12594119 | 633+84 | 656+115 | 975+07
* *
A 13482230 | g0y ic s | 7a5a015" | 979403
92 1473+265 | 706+119 | 783+163 | 7410
2 * * * 4
15 13974261 | 702+87 | 773+168 | 97.8+07
* *
20° 1387+154" | 756+169 | 7085 [ o754
252 13342172 | 6994103 | 75+201" | 975+08*
* *
30 13482171 | gg9+g8 | 731+145 | 97+11?
402 13084165 | 659+72 | 651+114 | 97.4+12
50 13144143 68+83 | 66.2+127 | 97.4+10
*
602 1338142 | goo,pq" | 658%126 [ 977207
75 134.9 + 16 683+75 | 68+125 | 97.8+11
90 13384197 | 684+98 | 704+94 | 978+09

BP: blood pressure. SPO2: oxygen saturation.

Page 19

*
Using two-tailed t-tests based on a linear mixed model for longitudinal data, these values were significantly different from baseline at an FDR of

10%.

Ll'hird subject is missing all measurements at this time.

First subject is missing all measurements at this time.

Ninth subject is subject is missing all measurements at this time.

4 T .
Seventh subject is missing SPO2 measurements at these times.
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Table 2
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Mean and standard deviation for ratings acquired before, during and after (60 min post) the ketamine scan.

Baseline | During Ketamine Scan | Post Ketamine Scan
CADSS (Amnesia, n=9) 0.0+£0.0 53+ 3_9* 02+0.7
CADSS (Depersonalization,n=9) | 0.1+0.3 121+ 7'1* 08+23
CADSS (Derealization, n=9) 11+16 01+ 013* 09+16
POMS T 00+£00 | 03x0.7 0.2+0.6
POMS D 06+16 | 0.7+4.3 05+1.1
POMS A 16+24 | 43+£45 3.3%45
POMS F 32+11 | 45+5.2 3920
POMS C 4425 | 5277 51+47
POMS V 2264 | 7715 42+111
POMS Total 31+44 | 15+00 09=+17
BDI 0.0+0.0 3+35
HAM-D 06+11 09+12
MADRS 0.2+0.6 0.0+0.0(n=3)

Statistics were calculated using all ten subjects, unless otherwise indicated. Baseline ratings were performed prior to the first scan, except in the

case of the POMS, which was acquired before the ketamine scan. No significant differences were observed in the POMS, BDI, HAM-D, or

MADRS scores at the different intervals.

*

Amnesia: p-value=0.035, FDR=12.5%, Depersonalization: p-value=0.009, FDR=8.6%, and Derealization :p-value=0.004, FDR=8.6%. CADSS:
Clinician Administered Dissociative State Scale; POMS: Profile of Mood States; BDI: Beck Depression; HAM-D: Hamilton Rating Scale for
Depression; MADRS: Montgomery-Asberg Depression Rating Scale
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