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A Brief History of Psilocybin: From Isolation to Modern Clinical Trials

A In 1957 R. Gordon Wasson and Roger Heim cdlisitiicybenexicanafruiting bodies, mycelium and spores after being provided
psilocybinrcontaining mushrooms. Shortly thereafter, Albert Hofmann isolates the active component from dried mushrooms phbgvidec
Roger Heim.
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A Brief History of Psilocybin: From Isolation to Modern Clinical Trials

A In 1960 Sandoz introducésdocybin(psilocybin) to psychiatryndocybinis discontinued by Sandoz (1966) and later designated as a
controlled substance within the US (Controlled Substances Act, 1971) and the UN (Convention on Psychotropic Substances, 1971)

Commercial Sample of Psilocybin Spring Grove Hospital Center (Maryland)

ANew governmenfunding (US) for psychedelic research ceases in 1970, with the last doses (dipropyltryptamine) administézed as la
as 1979 at Spring Grove.

YensenR, Dryer D.1992 Thirty years of psychedelic research: the Spring Grove experiment and its sequels. Unpublished me



A Brief History of Psilocybin: From Isolation to Modern Clinical Trials

A Psilocybin is a secondary metabolite of tryptophan, produced naturally by a number ofRsilgcybe.). Biosynthesis of Psilocybin:
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A Brief History of Psilocybin: From Isolation to Modern Clinical Trials

APsilocybin (1) is not an active compound, but rather a prodrug. Metabolism (loss of phosphate group) leadis Wvthiroduction of

Psilocin (2, active). The subjective effects of Psilocin generally last fidnp@st ingestion.
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A Brief History of Psilocybin: From Isolation to Modern Clinical Trials

At a At 2 OA yolyphartnadbldgigéad @2 Y LI A O dofiagtifin stdde®@ K| YA & Y
K of Psilocin at Major Receptors

binding site K, (nM) binding site K. (nM)
Oﬁp‘? ; N SERT 3801 s >10 000
Ho 5-HT,, 567.4 . 10 000
N\ S-HT 3 219.6 N 1379
H NH, S-HT,p 36.4 (yp 1894
Psilocyoin. 1 HO 5-HT,, 107.2,7 25 Py >10 000
N\ 5-HT,g 4.6 B, >10 000
SN H S-HT, 97.3 D, >10 000
OH Sertonn, 3 5-HT, >10 000 D, >10 000
N\ S-HT, 83.7 D, 2645
N S-HT, 57.0 D, >10 000
Psilocin, 2 S-HT- 3.5 Dq >10 000
H, 304.6

AKi values for Psilocin at 5HT2a receptor determined with agamisintagonistradioligands, respectively.

Hofmann, A.; Heim, R.; Brack, A.; Kobel, H.; Frey, A.; Ott, H.; Petrzilka, T.; Troxler, F. Helv. Chim. Acta 1959, 42, 15571 1572



A Brief History of Psilocybin: From Isolation to Modern Clinical Trials

AThe psychedelic effects of Psilocin are thought to be derived primarily from agonist activity at the SHT2a receptaufiugés by
several human trials demonstrating that the subjective effects of Psilocybin are blocked followdadrpr@stration ofketanserin

commonly reported effects of psilocybin ingestion

N
N~ physiologic mild sedation with compulsive yawning; stimulation; physical
OH effects euphoria; feelings of weightlessness; tactile enhancement;
rhinorrhea; mydriasis; hypersalivation; increased systolic
N pressure; slight elevation in body temperature
N visual effects enhancement: color saturation; pattern recognition; visual
H acuity (at lower doses)
Psilocin, 2 distortions: flowing/breathing/melting of objects and colors;
tracers; perspective distortion
hallucinations: bright and colorful shapes and figures seen with
0 eyes closed and with eyes open at higher doses
0 cognitive effects increased empathy; simultaneous emotions; enhanced objective
N and situational analysis; music appreciation; ego loss;
N~ T~ F catharsis; rejuvenation; addiction suppression; time distortion
N/&O auditory effects  sound enhancement and distortion
H multisensory synesthesia
) effects
_ Ketanserin _ transpersonal increased spirituality and a sense of interconnection between
(selective 5HT2a antagonist) effects humanity and a higher power
5HT2a Ki = @M

5HT2c Ki = 130M
ACS Chem. Neurosci. 2018, 9, 2 4

For a comprehensive Review See: Nichols DE, Pharmacological Reviews 2016, 68, 264-355
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PET Receptor Occupancy Studies in CNS Drug Discovery: Basic Concepts

AThe most important pharmacokinetic parameter for all centraltying therapeutics is unbourgrain
concentration of drug.

A This feature governs target engagement and occupancy and is related to pharmacodynamic effect.
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Review: Hargreaves, RJ; et al.; Clin. Pharmacol. Ther. 2015, 12(1), 20.



PET Receptor Occupancy Studies in CNS Drug Discovery: Basic Concepts

AFollowing peripheral administration (PO, ¢t), a small molecule can distribute throughout the body. The
unboundbrain:plasmaKp, ) ratio will approach unity with adjacent compartments (Blood, CSF), assuming
1) lacks active transport via efflux pumps (PGP, BCRP) or influx (rare) 2) is freely membrane permeable .
penetration has reached steadstate.

Brain Kp, .= 1 (no efflux)
Kp, ,< 1 (active efflux)
[drug] Kp, ,> 1 (active transport,
CSFHorain barrier -/i—- -%- Blood-brain barrier
[drug] —E'—* [drug]
CSE i Blood

CShblood barrier

Detailed Review: Pharmaceutics 2020, 12(1), 20.



PET Receptor Occupancy Studies in CNS Drug Discovery: Basic Concepts

AFollowing peripheral administration (PO, &), a small molecule can distribute throughout the body. The unbdaradh:plasmaKp, )
ratio will approach unity with adjacent compartments (Blood, CSF), assuntinigdks active transport via efflux pumps (PGP, BCRP) or

influx (rare) 2) is freely membrane permeable 3) penetration has reached stesidie Example Drug # 1

No pg/BCRP liability
No active influx

Brain G, = 500NM (plasma)
Toax= 1hr
[drug] = 250nM é:plasma: 0.5
aorain: 0.25

K, = 250nM

CSFbrain barrier -/i—- -%- Blood-brain barrier

[drug] = 250nM |—| [drug] = 250nM

CSE plasma

Kp,,=1
Receptor occupancy = 50




PET Receptor Occupancy Studies in CNS Drug Discovery: Basic Concepts

AFollowing peripheral administration (PO, &), a small molecule can distribute throughout the body. The unbdaradh:plasmaKp, )
ratio will approach unity with adjacent compartments (Blood, CSF), assuntinigdks active transport via efflux pumps (PGP, BCRP) or

influx (rare) 2) is freely membrane permeable 3) penetration has reached stesidie Example Druq # 2

PGP ER > 30
No active influx

Brain G, = 500NM (plasma)
Toax= 1hr
[drug] = 10nM é:plasma: 0.5
aorain: 0.25

K, = 250nM

CSFbrain barrier -/i—- -&- Blood-brain barrier

[drug] = 125nM |—| [drug] = 250nM

CSE plasma

Kp,,=<0.1
Receptor occupancy = <5




PET Receptor Occupancy Studies in CNS Drug Discovery: Basic Concepts

AUnbound concentration of drug within the brain can not be determined directly in humans!
A All preclinical methods require terminal studies (this is costly and impractical with NHPS).

ASpecies differences in efflux transporter concentration can make translatioigf, afrom pre-clinical
species a risky proposition.

TABLE 3

Percentage of predictions within 2-fold of observed for each of the scaling factor

TABLE 1
(proteomic REF and parameter estimate RAF) sets, with and without f, ;, correction

Protein expression of MDRI1 (P-glycoprotein) and BCRP across species

Mouse® Rat” NHP? Human® Animal Proteomics Parameter Estimate
MDRI1 (fm()l/‘u,g) 14.1 19.1 471 6.06 fu.b fu.b cor fu.b fu.b cor
BCRP (fmol/ug) 4.41 4.95 14.2 8.14 Miosie 2% 17% 66% p—
. . ] ) ] Rat 65% 72% 76% 71%
BCRP, breast cancer resistance protein; MDR1, multidrug resistance protein 1; NHP, NHP 93% 73% 87% 60%

nonhuman primate.
fup, fraction unbound in brain; f, p cor, corrected fraction unbound in brain; NHP, nonhuman

primate; RAF, relative activity factor; REF, relative expression factor.

Trapa, P.E.; et al. Drug Metab. Dispos. 2019, 47, 405i 411



PET Receptor Occupancy Studies in CNS Drug Discovery: Basic Concepts

APET imaging enables the direct assessment of receptor occupancy.

A Use of the CGRP PET imaging adéaiNk4232 enabled the direct assessment of CERIzcupancy,
confirming that central target engagement was not required for-amgjraine effects.
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Hostetler, ED; et al.; J. Pharmacol Exp. Ther. 2013, 347, 478.



PET Receptor Occupancy Studies in CNS Drug Discovery: Basic Concepts

AAutoradiography is utilized to validate and confirm the origin ofitheivoPET signal.

Caudate putamen Meninges
|p 19 Frontal cortex Meninges Caudate-putamen

v

\ 4
|
Substantia

Thalamus nigra  Hippocampus Brainstem Cerebellum
\ / \ /

High Hippocampus Cerebellum Brainstem Hi_gh

Fig. 2. [PHIMK-4232 in vitro autoradiography of rhesus monkey brain Fig. 3. [PH]MK-4232 in vitro autoradiography of human brain slices.
slices.

Hostetler, ED; et al.; J. Pharmacol Exp. Ther. 2013, 347, 478.



PET Receptor Occupancy Studies in CNS Drug Discovery: Basic Concepts

Alnterpretation of RO curves (Rhesus monkey RO curve and images):
High Occupancy >90%
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Drug Plasma Concentration (nM)

MK-4232 Ki = 0.038M (non-pgp substrate)
MK-3207 Ki = 0.02Telc Ki = 0.7/hM (pgp substrates)

Baseline (low occupancy <5%)

Hostetler, ED; et al.; J. Pharmacol Exp. Ther. 2013, 347, 478.



PET Receptor Occupancy Studies in CNS Drug Discovery: Basic Concepts
Alnterpretation of RO curves (Human images):

A Central engagement of CGIRAs not needed for efficacy!

Baseline 140 mg 1120 mg
i 15
!
0
Subject Telcagepant Dose Telcagepant Plasma Concentration CGRP-R Occupancy

mg uM %

1 1120 16.3 = 1.84 43
7 1120 20.2 = 3.93 48
8 1120 22.2 * 443 58
9 140 0.254 = 0.140 51
1 140 0.859 = 0.305 10
10 140 0.424 = 0.187 4

Hostetler, ED; et al.; J. Pharmacol Exp. Ther. 2013, 347, 478.



A Brief History of Molecular Imaging at the SHT?2a receptor

AMolecular Imaging at the 5HT2a receptor:
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1950 1983 1995 2018
The discovery of Radioligand binding [11CINMSP was the first [*8F]altanserin was the [11C]MDL 100907 [11C]Cimbi-36, the first (R)-[*8F]MH.MZ,
serotonin studies with [3H]LSD PET tracer that could first truely 5-HT,, showed an improved agonist PET tracer for combined the

and [3H]spiperone image the D, and receptor selective selectivty profile for the the 5-HT,, receptor favourable selectivity
showed that 5-HT, and 5-HT,, receptor PET tracer 5-HT,, receptor system, profile of MDL 100907
5-HT, receptors exist systems but unfavourable tracer with the superior
kinetics imaging properties of
fluoride-18

ASignificant work has been accomplished with fMRI within this area; see: Gatdais RL, et aP012Proc
Natl AcadScil09, 21382143.

ACS Chem. Neurosci. 2018, 9, 6, 1226-1229.



PET imaging at the 5HT2a receptor

Aln vitrocomparison of select 5SHT2a probes:
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[''C]Cimbi-36 (R)-["*  FIMH.MZ
5-HT3A 5-HT2C 5-HT|A Dp_ oy
MDL 100907 0.36 nM 107 nM >10.000 nM 2250 nM 128 nM
(R)-MH.MZ 0.72 nM 53 nM > 10.000 nM 2686 nM 335 nM
altanserin 0.13 nM 6 nM 1570 nM 62 nM 4.55 nM
Cimbi-36 1.01 nM 1.7 nM 1255 nM > 10.000 nM 1256 nM

Guiard, 5-HT2A Receptors in the Central Nervous System 2018



[3H]MDL 100907

Validation of [11CCimb:36

A[3H]-Cimbi36 displays substantial nespecific binding to both white/gragnatter tracts relative toJH]MDL
100907 Displacableninding appears similar (1{M block withketanserir).

[3H]-Cimbi36
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N
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OH O _

[""CIMDL 100907

Finnema, S. J. et al. Neurolmage 2014 84 342i 353



Validation of [11CCimb:36

A[CICimbi36 displays offarget binding to 5HT2c in humans, but appears comparable to established
antagonist tracersaltanserir).

[''C]Cimbi-36

Ettrup, A. et al. Neurolmage 2016, 130 1671 174



[11CI1Cimbt36 RO study with Psilocybin: Study Design

ASubjects are dosed within the PET scanner (blinded to dose) and plasma drug levels area assessed evet
mins over the duration of the scabkertintensity scale is used during the scale: 0 = not intense 10 = intense

Dose with
Psilocybin (3, 6, 12,
15, 18, 24, 30 mg;

PO) @ 0 min

Second!!C}
Cimbi36 scan @
344 mins post dose
(120 min scan)

[H'C}Cimbi36 @ Subjective effect
guestionnaires @

468 mins post dose

60 mins post dose
(120 min scan)

ASubjects are provided sedation if needed (not used within the study).

ASubjective questionnaires used at the end of the study includetim&nsional altered states of
consciousness questionnaire,-B8m mystical experiences questionnaire and the -glggsolution inventory

A These are standard practice within the oplael trials described earlier.

Ettrup, A. et al. Neurolmage 2016, 130 1671 174



[11CI1Cimbt36 RO study with Psilocybin: PK/PD relationship

APlasma levels of Psilocin showed the expected desponse relationship in terms of Likert Intensity scale.

Plasma psilocin concentration (ug/L)
Intensity rating
i

i
»
-
-
"
0 60 120 180 240 300 360 420 480 0 60 120 180 240 300 360 420
Time (min) Time (min)

—+— Subject 1 (3 mg) -+ Subject3 (12 mg) -+ Subject5 (18 mg) -+ Subject 7 (24 mq)
~+— Subject 2 (6 mg) -+ Subject4 (15 mg) -+ Subject 6 (24 mg) -+ Subject 8 (30 mg)

Madsen, MK et al. Neuropsychopharmacology 2019 44, 13281 1334



[11CICimbt36 RO study with Psilocybin: PK/PD relationship

ACompiled study data and potential limitations:

Table 1. Descriptive data related to psilocybin interventions and corresponding 5-HT2AR occupancy estimates
ID Dose Weight-adjusted dose  Ciax Mean psilocin PET 1 Mean psilocin PET 2 Occupancy PET 1 (%) Occupancy PET 2 (%)
(mg) (mg/kg) (pg/L) (ng/L) (ng/L)
Subject 1 3 0.05 2.3 1.9 <LOQ* 429 1.8
Subject 2 6 0.07 4.4 35 0.7 56.2 26.7
Subject 3 12 0.14 16.7 12.6 34 66.4 429
Subject 4 15 0.2 11.7 10.5 2.3 63.2 30.9
Subject 5 18 0.2 11.8 10.6 2.6 724 47.0
Subject 6 24 0.27 12.0 9.0 NA 60 NA
Subject 7 24 0.3 18.9 11.5 NA 66 NA
Subject 8 30 0.3 19.3 15.6 NA 65.2 NA
*Below level of quantification

ASubject 1 returned to baseline within 60 mins of a low dose of Psilocybin; this is in contrast to numerous
vitro studies suggesting that 5HT2a receptor internalization occurs rapidly and is long lasting post dosing.

Madsen, MK et al. Neuropsychopharmacology 2019 44, 13281 1334



[11C1Cimbt36 RO study with Psilocybin: PK/RO, RO/PD, PD/PK
AObserved relationships between PK, PD and \e@dﬁtlonshlps

A

10.0- O 0® o o

5-HT2AR occupancy (%)

7.5-
E 2
© ©
2 50- >
] 12}
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2 2
£ =
25-
1 1 1 1 1 0.0- .
OP[ 2 S . . t1'5 /LZO 0 20 40 60 80 0 5 10 15 20
asma psilocin concentration (ug/L) Occupancy (%) Plasma psilocin concentration (ug/L)

@ subject1(3mg) @ Subject2(6mg) @ Subject3 (12 mg)
@ subject1(3mg) @ Subject3(12mg) @ Subject5(18mg) @ Subject 7 (24 mg)

@ subject4(15mg) @ Subject5(18mg) @ Subject 6 (24 mg)
@ subject2(6mg) @ Subjectd (15mg) @ Subject6(24mg) @ Subject8 (30 mg)

@ suwject7(24mg) @ Subject 8 (30 mg)

AOcg,= 1.95 ug/L or 1M of psilocin (comparable to Ki values agaidH]DOI in rat cortex; @M or 25nM).

Madsen, MK et al. Neuropsychopharmacology 2019 44, 13281 1334



A Brief History of Psilocybin: From Isolation to Modern Clinical Trials

ATwo phase 2/3 studies have been initiated by COMPASSsomthin treatment resistant depression and major depressive disorder,
respectively.

~

A Both trials use distinct dosing paradigms (A3 mpkor 25 mg; PO)

A Both trials are expected to read out in 2020/2021
A Study of Psilocybin for Major Depressive Disorder (MDD)

ClinicalTrials.gov Identifier: NCT03866174

The safety and scientific validity of this study is the
responsibility of the study sponsor and
investigators. Listing a study does not mean it has
A been svaluated by the U.S. Federal Government.
Know the risks and potential benefits of clinical
studies and talk to your health care provider before
participating. Read our disclaimer for details.

Last Update Posted €@ : April 22, 2020

See Contacts and Locations

Sponsor: The Safety and Efficacy of Psilocybin in Participants With Treatment Resistant Depression (P-TRD)

Usona Institute

ClinicalTrials.gov ldentifier: NCT03775200

The safety and scientific validity of this study is the _ 3y
responsibility of the study sponsor and N
) . - ) First Posted @ : December 13, 2018
investigators. Listing a study does not meanithas e .

Last Update Posted @ : April 24, 2020

A been evaluated by the U.S. Federal Government.

Know the risks and potential benefits of clinical
studies and talk to your health care provider before
participating. Read our disclaimer for details.

See Contacts and Locations

Sponsor:
COMPASS Pathways



A quick note on the tolerance effects of 5SHT2a agonists: Naloxone
prevents development of tolerance toward IV LSD in NHPs and rodents

AFollowing up on rodent studies demonstrating that the tolerance of 5HT2a agonists (DMT, LSD, mescaline) could be mdHulated wi
opioid antagonistsiHadorn Anistranskiand Connor report an unusual observation:

Hadorn, DC et al. Neuropharmacology 1984, 23, 297-1300



