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MDMA TREATMENT TO ENHANCE ACUTE EMOTIONAL
EFFECTS PROFILE OF LSD, PSILOCYBIN, OR OTHER
PSYCHEDELICS

BACKGROUND OF THE INVENTION
1. TECHNICAL FIELD
[0001] The present invention relates to compositions and methods of enhancing
emotional and therapeutic effects of psychedelics.
2. BACKGROUND ART

[0002] LSD (lysergic acid diethylamide, FIGURE 1A) can be used to assist
psychotherapy for many indications including anxiety, depression, addiction, personality
disorder and others and can also be used to treat other disorders such as cluster headache
and migraine and others (Passie et al., 2008; Hintzen et al., 2010; Nichols, 2016; Liechti,
2017).

[0003] The acute subjective effects of LSD are mostly positive in most humans (Schmid
et al., 2015; Carhart-Harris et al., 2016; Dolder et al., 2016; Dolder et al., 2017; Holze et al.,
2019a). However, there are also negative subjective effects (anxiety) of LSD in many humans
depending on the dose of LSD used, personality traits (set) of the person using LSD, the
setting (environment), and other factors. The risk of acute negative psychological effects is the
main problem of use of psychedelic substances in humans. Anxiety when occurring in LSD-
assisted psychotherapy may become a significant problem for both the patient and treating
physician. In addition to being highly distressing to the patient, acute anxiety has been linked
to a non-favorable long-term outcome in patients with depression (Roseman et al., 2017).
Furthermore, anxiety reactions during psychedelic-assisted therapy may require additional
supervision, greater engagement of therapists, prolonged sessions, and acute psychological
and also pharmacological interventions. Thus, the primary safety concerns relate to
psychological rather than somatic adverse effects (Nichols, 2016; Nichols et al., 2018). The
induction of an overall positive acute response to the psychedelic is critical because several
studies showed that a more positive experience is predictive of a greater therapeutic long-term
effect of the psychedelic (Garcia-Romeu et al., 2015; Griffiths et al., 2016; Ross et al., 2016).
Even in healthy subjects, positive acute responses to psychedelics including LSD has been
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shown to be linked to more positive long-term effects on well-being (Griffiths et al., 2008;
Schmid et al., 2018).

[0004] Moderate anticipatory anxiety is common at the beginning of the onset of a
drug’s effects (Studerus et al., 2012). In a study in sixteen healthy humans, after administration
of 0.2 mg of LSD marked anxiety was observed in two subjects. This anxiety was related to
fear of loss of thought control, disembodiment, and loss of self (Schmid et al.,, 2015) and
similarly described for psilocybin (Hasler et al., 2004). Bad drug effects (50% or more on a 0-
100% scale at any time point after drug administration) were noted in 9 of 16 subjects (56%)
after a high dose of 0.2 mg of LSD and in 3 of 24 subjects (12.5%) after a moderate 0.1 mg
dose of LSD (Dolder et al., 2017). Similarly, another study reported transient bad drug effects
in 7 of 24 subjects (29%) after administration of 0.1 mg of LSD (Holze et al., 2019a). Although,
these negative subjective drug effects were transient and occurred in subjects who all also
reported good drug effects at other or similar time points, negative responses are an issue.
One solution to address negative drug effects is to reduce the dose of the psychedelic but this
would also reduce at least in part the good drug effects. Dose optimization is being performed
and 0.1 mg of LSD may be a dose with a more favorable acute effect profile in most subjects
compared with 0.2 mg of LSD.

[0005] An important factor contributing to negative responses to LSD is the state of
mood before and during the onset of the LSD response. Previously published studies showed
that positive mood before administration of the psychedelic psilocybin is positively correlated
with a more positive and therefore likely more beneficial therapeutic response to psilocybin.
Specifically, greater activity and emotional excitability in an adjective mood rating scale
(AMRS) predicted greater oceanic boundlessness after psilocybin use (Studerus et al., 2012).
Greater oceanic boundlessness in response to psilocybin has been linked with greater
antidepressant long-term effects of psilocybin (Roseman et al., 2017). Based on this
information enhancing positive mood prior and during administration of a psychedelic can be
expected to improve the positive versus negative effects profile.

[0006] There remains a need for methods of reducing bad drug effects that can
prejudice the patient treatment outcome while enhancing good drug effects which can optimize
the patient treatment outcome with psychedelic administration.
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SUMMARY OF THE INVENTION

[0007] The present invention provides for a method of enhancing positive effects of a
psychedelic, by inducing a positive psychological state in an individual with an
empathogen/entactogen, administering a psychedelic to the individual, and enhancing a
positive response to the psychedelic.
[0008] The present invention provides for a composition including an
entactogen/empathogen and a serotonergic psychedelic in the same dosage form or
administered as separate compositions within a combination treatment schedule.
[0009] The present invention also provides for a method of enhancing positive effects of
a psychedelic, by inducing the release of endogenous monoamines, and subsequently
stimulating 5-HT2A receptors.
[00010] The present invention also provides for a method of treating a patient by
enhancing the mood of the patient prior to psychedelic treatment.

DESCRIPTION OF THE DRAWINGS
[00011] Other advantages of the present invention are readily appreciated as the same
becomes better understood by reference to the following detailed description when considered
in connection with the accompanying drawings wherein:
[00012] FIGURE 1A is the chemical structure of LSD and FIGURE 1B is the chemical
structure of MDMA;
[00013] FIGURE 2A is a graph showing any drug effects and FIGURE 2B is a graph
showing good drug effects;
[00014] FIGURE 3A is a graph showing bad drug effects and FIGURE 3B is a graph
showing anxiety;
[00015] FIGURE 4A is a graph showing subjective drug high effects and FIGURE 4B is a
graph showing nausea;
[00016] FIGURE 5A is a graph showing changes in visual perception and FIGURE 5B is
a graph showing synaesthesias (sounds influenced visual perception);
[00017] FIGURE 6A is a graph showing change in perception of time and FIGURE 6B is
a graph showing ego-dissolution;
[00018] FIGURE 7A is a graph showing effects on subjective feelings of being emotional
and FIGURE 7B is a graph showing effects on subjective feelings of being happy;
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[00019] FIGURE 8A is a graph showing effects on being talkative and FIGURE 8B is a
graph showing effects on being open;
[00020] FIGURE 9A is a graph showing effects on ratings of trust and FIGURE 9B is a
graph showing effects on ratings of feeling close;
[00021] FIGURE 10A is a graph showing subjects ratings of wanting to be alone and
FIGURE 10B is a graph showing subjects ratings of wanting to be with other people;
[00022] FIGURE 11 is a graph showing ratings of extro-/introversion;
[00023] FIGURE 12 is a graph showing 5D-ASC main scale score ratings;
[00024] FIGURE 13 is a graph showing 5D-ASC subscale ratings;
[00025] FIGURE 14A is a graph showing systolic blood pressure and FIGURE 14B is a
graph showing diastolic blood pressure; and
[00026] FIGURE 15A is a graph showing heart rate and FIGURE 15B is a graph showing
body temperature.

DETAILED DESCRIPTION OF THE INVENTION
[00027] The present invention provides for methods of enhancing (qualitatively positively
improving) the acute subjective (emotional, therapeutic) action of psychedelics in treatment for
medical (mainly psychiatric) conditions. More specifically, the present invention provides for a
method of enhancing positive acute and long-term therapeutic effects of a psychedelic, by
inducing a positive psychological state in an individual, administering a psychedelic to the
individual, and enhancing the positive response to the psychedelic. The overall goal of the
present invention is to improve the positive over negative acute subjective effect response (i.e.
improve good drug effects over and reduce bad drug effects) to a psychedelic. The method
can be used for any indication of psychedelic medication use and typically applies to
indications where a positive experience after psychedelic use predicts the long-term effects
such as in psychiatric disorders including (but no limited to) depression, anxiety, anxiety
related to life-threatening disease, obsessive-compulsive disorder, personality disorder, and
addiction.
[00028] “Bad drug effects” as used herein refers to any unwanted effects of the
psychedelic, such as, but not limited to anxiety, fear, fear of loss of body control, anxious-ego
dissolution, disembodiment, fear of impaired thought control, paranoia, panic, negative

thoughts, grooming, “nadir” effects, or generally negative acute drug effects as self-rated by
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healthy subjects or patients in studies using psychedelics, and combinations thereof.

[00029] “Good drug effects” as used herein refers to any desired effects of the
psychedelic, such as, but not limited to good drug effects, drug linking, oceanic
boundlessness, experience of unity, spiritual experience, blissful state, insightfulness,
connectedness, mystical experiences, mystical-type effects, positive mood, transcendence of
time/space, ineffability, well-being, trust, feelings of love, feeling open, peak experience, and
combinations thereof.

[00030] “Treatment outcome” as used herein refers to any change (improvement) in a
disorder for which psychedelic-therapy is used and lasting longer than the acute effects of the
substances. For example, a good drug effect acutely induced with a psychedelic is known to
improve depression in patients with depression and treated with a psychedelic beyond the
acute effect of the psychedelic.

[00031] Most preferably, the step of inducing a positive psychological state is
accomplished by administering to the individual an empathogen/entactogen or 3,4-
methylenedioxymethamphetamine (MDMA)-like compound such as but not limited to MDMA
(FIGURE 1B), 3,4-methylendioxyamphetamine (MDA), 3,4,-methylenedioxyethylamphetamine
(MDEA), 5,6-methylenedioxy-2-aminoindane (MDAI), mephedrone, methylone, 3-MMC,
homologues thereof, analogues thereof, or novel compounds or prodrugs resulting in a similar
MDMA-type acute subjective effect profile. Any other compound that provides a similar
MDMA-type acute subjective effect profile can also be used. MDMA has previously been
shown to induce a state of well-being including increased activation and emotional excitation
(Hysek et al., 2011; Hysek et al., 2014b) and this emotional state is known to be associated
with a better response to psychedelics (Studerus et al., 2012). MDMA also induces feelings of
trust, increased empathy and relaxation (Hysek et al., 2014b; Schmid et al., 2014) expected to
facilitate the LSD experience and to reduce anticipation anxiety. MDMA is preferably
administered in a dose of 20-200 mg. Mechanisms of action of MDMA are described below.
[00032] The psychedelics used in the methods of the present invention can be, but are
not limited to, psilocybin, psilocin, lysergic acid diethylamide (LSD), mescaline,
dimethyltryptamine  (DMT), 2,5-dimethoxy-4-iodoamphetamine (DOIl), 2,5-dimethoxy-4-
bromoamphetamie (DOB), other phenethylamine or tryptamine psychedelics, salts thereof,

analogs thereof, or prodrugs thereof, or homologues thereof. Any suitable dose can be used,
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and several examples are provided below. Mechanisms of action of the psychedelics are
described below.

[00033] Doses commonly used in LSD-assisted treatment/psychotherapy are 0.1-0.2 mg.
A dose of 0.1 mg produced subjective effects in humans lasting (mean = SD) 8.5 + 2.0 hours
(range: 5.3-12.8 hours) in one representative study (Holze et al., 2019a). Times of onset and
offset of the subjective response, assessed by the “any drug effect” Visual Analog Scales
(VAS), were (mean = SD) 0.7 = 0.2 hours (range 0.3-1.0 hours) and 9.1 £ 2.0 hours (range:
6.0-13.2 hours), respectively (Holze et al., 2019a). The time to the subjective peak effect of
LSD is 2.5 £ 0.6 hours (range 1.6-4.3 hours) (Holze et al., 2019a). In other studies, LSD effects
similarly lasted 8.2 £ 2.1 hours (range: 5 -14 hours) after administration of a 0.1 mg dose and
11.6 £ 1.7 hours (range: 7 -19.5 hours) after administration of a 0.2 mg dose (Dolder et al.,
2017). The time to the subjective peak effect of LSD is 2.5 £ 0.6 hours (range 1.6-4.3 hours)
(Holze et al., 2019a). Anxiety mostly occurs during the peak effects of LSD 1-4 hours after the
administration of an oral dosing formulation (Dolder et al., 2017; Holze et al., 2019a).

[00034] MDMA produces its positive mood effects over a shorter time than LSD (Holze et
al., 2019b). The onset of the MDMA effect after oral administration occurs at (mean £ SD) 33 £
24 minutes and the peak effect is reached 1.6 + 0.8 hours after MDMA administration. The
duration of the subjective effect is 4.2 = 1.3 hours (Vizeli et al., 2017).

[00035] In the present invention, MDMA can be administered before, at the same time, or
less typically after administering the psychedelic or even before and after depending on
pharmacokinetics of the formulation to be used. In one example using LSD, assuming
administration at the same time as LSD and using oral administration of both substances, the
MDMA effect starts on average after 33 minutes and the effect of LSD on average after 42
minutes. MDMA and LSD peak effects are then reached at 1.6 hours and 2.5 hours,
respectively. Thus, as mainly intended by the present invention the MDMA effect will establish
before and during the start of the potentially overwhelming psychedelic response with the
intention of avoiding or reducing anxiety. The MDMA effect is expected to be additive or sub-
additive to the psychedelic response. Importantly, the subjective response to LSD is clearly
more pronounced even at moderate doses of LSD (0.1 mg) compared to that of even a high
dose of MDMA (125 mq) (Holze et al., 2019b). It is therefore not expected that the subjective
effect of both substances is substantially greater than that of LSD alone but different in quality
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(overall more positive). Slightly higher autonomic effects are expected compared to the
administration of either substance alone, but the overall response is predicted to be sub-
additive or additive at most based on the data on the combined use of more strongly
stimulating substances in combination with MDMA (Hysek et al., 2014a).

[00036] Typical doses likely to be used in the context of the present invention are MDMA:
20-200 mg and LSD 0.05-0.3 mg, with a dose of MDMA of 100 mg and of LSD of 0.1 mg being
average and typical doses to be used as shown in EXAMPLE 1. It is expected that the MDMA
effect will not last as long as the response to the psychedelic. Accordingly, it is expected that
MDMA will produce a more positive response to psychedelic and reduced anxiety up to 6
hours after drug administration. Thereafter, the effects of the psychedelic are substantially
lower compared to its peak response and will decline over another 3-6 hours. It is possible that
a more positive response to the psychedelic during the first 6 hours will also result in reduced
anxiety during the hours thereafter.

[00037] Additionally, the use of MDMA with other shorter-acting psychedelics such as
psilocybin can result in more aligned duration of action of the two substances. Specifically, the
duration of action of psilocybin is 4-6 hours (Passie et al., 2008; Griffiths et al., 2016) and
similar to that of MDMA. When combined with psilocybin, MDMA can be administered also
before, at the same time, or after psilocybin but for the purpose of the invention administration
will occur best before or with psilocybin. When combined with very short-acting psychedelics
such as intravenous DMT or inhaled DMT (Strassman et al., 1994a; Strassman et al., 1994b;
Strassman, 1996; Gallimore et al., 2016; Timmermann et al., 2019), administration of MDMA
can take place 1-2 hours before DMT to fully establish the desired positive mood effects when
the DMT effects start. The response to MDMA can then last longer than that of the short acting
psychedelic (DMT).

[00038] Mechanistically, psychedelics act as serotonin 5-HT2A receptor agonists. LSD
potently stimulates the 5-HT2A receptor but also 5-HT2B/C, 5-HT1 and D1-3 receptors (Rickli
et al., 2016). LSD induces its psychedelic effects in humans primarily via stimulation of the 5-
HT2A receptor (Krachenmann et al., 2017; Preller et al., 2017; Barrett et al., 2018). Psilocin,
the active metabolite of psilocybin, inhibits the 5-HT transporter (SERT) whereas LSD
stimulates D1-3 receptors but does not interact with the SERT (Rickli et al., 2016). In contrast

to LSD, psilocybin and mescaline show no affinity for D2 receptors. The potent dopaminergic
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receptor agonist properties of LSD have been linked to delayed LSD effects that are possibly
distinct from other hallucinogens and possibly more stimulant-like (Mittman et al., 1991;
Marona-Lewicka et al., 2005; Marona-Lewicka et al., 2007; Nichols, 2016). LSD and the
tryptamines DMT and psilocin are potent agoinsts at serotonin 5-HT1 receptors while other
hallucinogens such as mescaline exhibit low potency at this receptor (Rickli et al., 2016). While
no clinical studies have clearly documented a role for the 5-HT1 receptor (Strassman, 1996;
Nichols, 2016) in the action of psychedelics, differences between substances may exist. SERT
inhibition (Rickli et al., 2016) and increases in serotonin by psilocybin may be associated with
greater serotonergic toxicity including nausea and vomiting when psilocybin is used compared
to other psychedelics with no interaction with the SERT. Mescaline binds in a similar
concentration range to 5-HT2A, 5-HT1A and adrenergic a2A receptors (Rickli et al., 2016).
Whether all these molecular differences have an influence on the subjective effects and on
alterations of consciousness has not yet been studied in humans and this will need to be
further explored to better substantiate any claims related to benefits of LSD over psilocybin
(ongoing study). MDMA mainly acts as a releaser of serotonin and norepinephrine and to a
lesser extent dopamine (Verrico et al., 2007; Simmler et al., 2013). Compared with
amphetamine, the typical mood effects of MDMA can be predominantly attributed to activation
of the 5-HT system (Liechti et al., 2000b; Liechti et al., 2000c; Liechti et al., 2000a; Liechti et
al., 2001; Tancer et al., 2003; Farre et al., 2007; Hysek et al., 2012; Hysek et al., 2014b;
Schmid et al., 2014; Bershad et al., 2016a; Dolder et al., 2018). It is possible that release of
oxytocin also contributes to the positive mood effects of MDMA (Hysek et al.,, 2014b;
Kirkpatrick et al., 2014; Bershad et al., 2016b; Ramos et al., 2016; Vizeli et al., 2018). Thus,
compared with the administration of a psychedelic alone, the addition of MDMA results in
release of monoamines and oxytocin. It is this additional pharmacological effect of MDMA that
produces a distinct and postulated more positive overall mood response to psychedelics. In the
case of co-treatment with LSD, MDMA can act at the time of the peak response and less
during the late response to LSD where its dopaminergic late effects may predominate (Mittman
et al., 1991; Marona-Lewicka et al., 2005; Marona-Lewicka et al., 2007; Nichols, 2016). Thus,
in the MDMA-LSD combination, dopaminergic activity can result at the beginning through the
action of MDMA and more by the direct action of LSD later in time. In the case of the MDMA-
psilocybin combination no late phase is present and the effects are expected to be mainly



WO 2021/225796 PCT/US2021/028707

shorter compared with the MDMA-LSD combination but otherwise relatively similar in quality of
the experience. Psilocybin acts for approximately 4-6 hours (Passie et al., 2008; Griffiths et al.,
2016). Thus, its duration of action is similar to that of MDMA (Vizeli et al., 2017). In contrast to
psychedelics, MDMA-type substances induce the release of endogenous monoamines
(serotonin, norepinephrine, and dopamine) with a preference of release of serotonin over
dopamine. While both mechanisms have been well described and characterized, the present
invention shows that adding release of serotonin and dopamine (by adding an MDMA-type
substance effect) to direct 5-HT2A receptor stimulation (by a psychedelic) will enhance the
positive over negative mood effect profile of a psychedelic and improve its therapeutic
potential.

[00039] Therefore, the present invention also provides for a method of enhancing positive
effects of a psychedelic, by inducing the release of endogenous monoamines, and
subsequently stimulating 5-HT2A receptors.

[00040] The present invention also provides for a method of treating a patient by
enhancing the mood of the patient prior to psychedelic treatment. Administering the
empathogen/entactogen enhances the patient’'s mood by providing a positive mood. A positive
mood can be provided by increasing positive acute effects and decreasing negative acute
effects.

[00041] “Positive acute effects” as used herein refers primarily to an increase in
subjective rating of good drug effect, and can also include ratings of drug liking, well-being,
trust, feelings of love, openness, oceanic boundlessness, experience of unity, spiritual
experience, blissful state, insightfulness, any mystical-type experience, and positively
experienced psychedelic effects, and aspects of ego-dissolution if experienced without anxiety.
[00042] “Negative acute effects” as used herein refers primarily to subjective ratings of
bad drug effect, anxiety, and fear and can additionally include increased ratings of anxious
ego-dissolution, or descriptions of acute paranoia or states of panic and anxiety as observed
by others.

[00043] The MDMA and psychedelics can be in separate dosage forms administered to
the individual at separate times in a dosing schedule or in the same dosage form with different
release profiles in order to achieve the desired effects of producing the MDMA effect before or
with the acute effects of the psychedelic. Therefore, the present invention provides for a
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composition including MDMA and a psychedelic in the same dosage form. It should be
understood that the compounds can also be in separate dosage forms administered within the
same treatment session.

[00044] The method of the present invention provides overall more positive effects with
psychedelics when co-administered with MDMA compared with psychedelics alone at the
same dose, as shown by EXAMPLE 1. The method also allows for the use of psychedelics at
higher dose that would normally be associated with more adverse effects (anxiety) but would
also produce greater long-term effects than a low dose by co-using MDMA to make the acute
experience more positive.  Individuals suitable for such combined use are: 1) persons with
negative experience in the past, 2) persons with trait characteristics know to be associated
with more negative responses, and 3) persons needing a higher dose of psychedelics due to
non-response in previous treatments.

[00045] The compounds of the present invention are administered and dosed in
accordance with good medical practice, considering the clinical condition of the individual
patient, the site and method of administration, scheduling of administration, patient age, sex,
body weight and other factors known to medical practitioners. The pharmaceutically "effective
amount" for purposes herein is thus determined by such considerations as are known in the
art. The amount must be effective to achieve improvement including but not limited to
improved survival rate or more rapid recovery, or improvement or elimination of symptoms and
other indicators as are selected as appropriate measures by those skilled in the art.

[00046] In the method of the present invention, the compounds of the present invention
can be administered in various ways. It should be noted that it can be administered as the
compound and can be administered alone or as an active ingredient in combination with
pharmaceutically acceptable carriers, diluents, adjuvants, and vehicles. The compounds can
be administered orally, subcutaneously, or parenterally including intravenous, and intranasal
administration as well as intrathecal and infusion techniques. Implants of the compounds are
also useful. The patient being treated is a warm-blooded animal and, in particular, mammals
including man. The pharmaceutically acceptable carriers, diluents, adjuvants and vehicles as
well as implant carriers generally refer to inert, non-toxic solid or liquid fillers, diluents or
encapsulating material not reacting with the active ingredients of the invention.

[00047] The doses can be single doses or multiple single doses separated by several
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days. The treatment generally has a length proportional to the length of the disease process
and drug effectiveness and the patient species being treated.

[00048] When administering the compound of the present invention parenterally, it will
generally be formulated in a unit dosage injectable form (solution, suspension, emulsion). The
pharmaceutical formulations suitable for injection include sterile aqueous solutions or
dispersions and sterile powders for reconstitution into sterile injectable solutions or
dispersions. The carrier can be a solvent or dispersing medium containing, for example,
water, ethanol, polyol (for example, glycerol, propylene glycol, liquid polyethylene glycol, and
the like), suitable mixtures thereof, and vegetable oils.

[00049] Proper fluidity can be maintained, for example, by the use of a coating such as
lecithin, by the maintenance of the required particle size in the case of dispersion and by the
use of surfactants. Nonaqueous vehicles such a cottonseed oil, sesame oil, olive oil, soybean
oil, corn oil, sunflower oil, or peanut oil and esters, such as isopropyl myristate, may also be
used as solvent systems for compound compositions. Additionally, various additives which
enhance the stability, sterility, and isotonicity of the compositions, including antimicrobial
preservatives, antioxidants, chelating agents, and buffers, can be added. Prevention of the
action of microorganisms can be ensured by various antibacterial and antifungal agents, for
example, parabens, chlorobutanol, phenol, sorbic acid, and the like. In many cases, it will be
desirable to include isotonic agents, for example, sugars, sodium chloride, and the like.
Prolonged absorption of the injectable pharmaceutical form can be brought about by the use of
agents delaying absorption, for example, aluminum monostearate and gelatin. According to
the present invention, however, any vehicle, diluent, or additive used would have to be
compatible with the compounds.

[00050] Sterile injectable solutions can be prepared by incorporating the compounds
utilized in practicing the present invention in the required amount of the appropriate solvent
with various of the other ingredients, as desired.

[00051] A pharmacological formulation of the present invention can be administered to
the patient in an injectable formulation containing any compatible carrier, such as various
vehicle, adjuvants, additives, and diluents; or the compounds utilized in the present invention
can be administered parenterally to the patient in the form of slow-release subcutaneous

implants or targeted delivery systems such as monoclonal antibodies, vectored delivery,
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iontophoretic, polymer matrices, liposomes, and microspheres. Examples of delivery systems
useful in the present invention include: 5,225,182; 5,169,383; 5,167,616; 4,959,217;
4,925,678; 4,487,603; 4,486,194; 4,447,233; 4,447,224; 4,439,196; and 4,475,196. Many
other such implants, delivery systems, and modules are well known to those skilled in the art.
[00052] The invention is further described in detail by reference to the following
experimental examples. These examples are provided for the purpose of illustration only and
are not intended to be limiting unless otherwise specified. Thus, the invention should in no
way be construed as being limited to the following examples, but rather, should be construed
to encompass any and all variations which become evident as a result of the teaching provided
herein.

[00053] EXAMPLE 1: Clinical study: Effects of MDMA co-administration on the response
to LSD in Healthy Subjects (LSD-MDMA Study)

[00054] The study determined the qualitative emotional differences between a combined
LSD/MDMA experience and a pure LSD experience, also including a pure MDMA and placebo
control condition. It was hypothesized that subjects under the LSD-MDMA condition would
experience increased pleasurable subjective effects (increased “good drug effect”, “trust”, and
“openness” and less “bad drug effects” and “anxiety” in the VAS [good/bad drug effect ratio in
the VAS]), increased general well-being (in the AMRS), and increased OB and reduced
anxiety/AED (OB/AED scale ratio in the 5D-ASC) compared to LSD administered alone. It was
expected that the combined administration of LSD and MDMA would not elevate
cardiovascular parameters significantly compared to MDMA administered alone.

[00055] Materials and Methods

[00056] Study design: This study used a single-center randomized, double-blind, cross-
over design with 4 conditions: (1) 0.1 mg LSD, (2) 100 mg MDMA, (3) 0.1 mg LSD + 100 mg
MDMA, (4) Placebo. Study days encompassed a 14-hour study day with a subsequent single
measurement the next morning (24 hours after drug administration). Each subject participated
in 4 x 14-hour study sessions separated by at least 10 days. Study substances were
administered in pre-prepared vials (LSD) and capsules (MDMA) which were assigned to each
participant in a randomized manner prior to study commencement. Placebo vials (containing
only alcohol) and placebo capsules (containing only mannitol) looked identical to those

containing the active substances to ensure proper blinding.
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[00057] Participants: The preliminary study included healthy subjects (male and females).
Inclusion criteria were: age between 25 and 65 years old; sufficient understanding of the
German language; understanding of procedures and risks associated with the study; willing to
adhere to the protocol and signing of the consent form; willing to refrain from the consumption
of illicit psychoactive substances during the study; abstaining from xanthine-based liquids from
the evenings prior to the study sessions to the end of the study days; willing not to operate
heavy machinery within 48 hours after substance administration; willing to use double-barrier
birth control throughout study participation; and body mass index between 18-29 kg/m2.
Exclusion criteria were: chronic or acute medical condition; current or previous major
psychiatric disorder; psychotic disorder or bipolar disorder in first-degree relatives;
hypertension (>140/90 mmHg) or hypotension (SBP<85 mmHg); hallucinogenic substance use
(not including cannabis) more than 20 times or any time within the previous two months;
pregnancy or current breastfeeding; participation in another clinical trial (currently or within the
last 30 days); use of medication that may interfere with the effects of the study medication;
tobacco smoking (>10 cigarettes/day); and consumption of alcoholic beverages (>20
drinks/week). Subjects were recruited via advertisement displayed on the website of the
University of Basel. Mainly university students were included. Screening visits and sessions
were performed in the Ambulatory Study Center, located in the Department of Clinical
Research at the University Hospital of Basel.

[00058] Screening procedure: Subjects were examined by a study physician. Basic
health was ensured by general medical examination including medical history, physical
examination, electrocardiogram, determination of body weight and blood chemistry and
haematology analysis. Additionally, subjects were screened using a semi-structured clinical
interview for DSM-V (Wittchen et al., 1997) to exclude those with a personal or first-degree
relative axis | major psychiatric disorder (acute or past) or a history of drug dependence.
Additionally, the ‘Self-screening Prodrome’ (Kammermann et al., 2009) was used to ensure
early detection of psychotic tendencies. Axis | major psychiatric disorders also include
addiction disorders.

[00059] Informed consent: Subjects were informed about the study procedures and
associated risks in advance through the written participant information.

[00060] Study procedures:
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[00061] Psychometric assessments:
[00062] Subjective Effects Questionnaire (Visual Analog Scales, VAS): VAS were
repeatedly used to assess subjective alterations in consciousness over time. Single scales

1]

were presented as 100 mm horizontal lines marked with “not at all” on the left and “extremely

LI

on the right. The following VAS items were used: “any drug effect”, “good drug effect”, “bad

” ” o

drug effect”, “high”, “anxiety”, “nausea”,

alteration of vision”, “sounds seem to influence what |
see”, “alteration of sense of time”, “the boundaries between myself and my surroundings seem

” ” L.

to blur”, “I am emotional”, “talkative”, “open”, “trust”, and “my focus is directed inward/outward”.
Scales were administered before and repeatedly after substance administration.

[00063] 5-Dimensional Altered States of Consciousness (5D-ASC): The 5-dimensional
Altered States of Consciousness (5D-ASC) Scale is a visual analog scale consisting of 94
items (Dittrich, 1998; Studerus et al., 2010). The instrument contains five main scales and 11
newer subscales assessing mood, anxiety, derealization, depersonalization, changes in
perception, auditory alterations, and reduced vigilance. The scale is well-validated (Studerus et
al., 2010). The 5D-ASC scale was administered once at the end of the session and subjects
were instructed to retrospectively rate peak alterations that have been experienced during the
study session. Each item of the scale is scored on a 0-100 mm VAS. The attribution of the
individual items to the subscales of the 5D-ASC was analyzed according to (Dittrich, 1998;
Studerus et al., 2010) and as shown in FIGURES 6A-6B. The scale was administered once at
the end of each test session.

[00064] Autonomic measures: Blood pressure, heart rate, and body temperature were
recorded at baseline and repeatedly throughout the session. Blood pressure (systolic and
diastolic) and heart rate were measured with an automatic oscillometric device. Body
temperature was measured with an ear thermometer.

[00065] Adverse effects (list of complaints): The list of complaints (LC) consists of 66
items offering a global score measuring physical and general discomfort (Zerssen, 1976). The
LC list was administered at the end of the session with reference to complaints throughout the
entire session.

[00066] The study included additional outcomes not discussed here.

[00067] Substance preparation and quality control: MDMA was prepared as capsules
containing 25 mg of analytically pure MDMA hydrochloride and mannitol filler. The dose of 100
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mg of MDMA consisted of four capsules of 25 mg. LSD was prepared as an oral solution
containing 100 ug of analytically pure LSD (Lipomed AG, Arlesheim, Switzerland) in 1 ml of
ethanol. All substance formulations plus matching placebos were prepared by a GMP facility
(Apotheke Dr. Hysek, Biel, Switzerland) according to GMP guidelines. LSD-placebo solutions
consisted of only ethanol, MDMA-placebo capsules consisted of only mannitol. All placebos
were prepared by the same GMP facility and looked identical to the verum preparations to
ensure proper blinding. The study used a double-dummy design. Subjects received an LSD
verum with an MDMA verum, an LSD placebo with an MDMA verum, an LSD verum with an
MDMA placebo, or an LSD placebo with an MDMA placebo on each of the four study days.
Randomization, packaging, labelling, and quality control (QC) including stability tests were
handled by the GMP facility. Subjects and study personnel involved in supervising the session
were blinded to treatment order that was balanced.

[00068] Results of the clinical study

[00069] Example data taken from the clinical study are shown. Data are the mean values
observed in a sample of two healthy human subjects who completed the entire study and were
each administered with all four treatment conditions allowing for a direct within-subject
comparison of the effects of LSD alone, MDMA alone and MDMA and LSD together.

[00070] Acute effects on VAS

[00071] MDMA, LSD and MDMA-LSD produced comparable peak subjective effects
ratings of any drug effect. As expected, effects of LSD lasted longer than those of MDMA. The
MDMA-LSD effect lasted equally long or slightly longer than the effect of LSD alone (FIGURE
2A).

[00072] All active treatments produced good drug effects of similar intensity. However,
good drug effects lasted longer after LSD and remained highest after MDMA-LSD. Thus, the
most stable and prolonged good drug response was observed after MDMA-LSD (FIGURE 2B).
[00073] LSD produced minor subjective bad drug effects and anxiety at effect onset and
up to 240 minutes after administration. MDMA alone also moderately increased subjective bad
drug effect ratings, however, this was after the acute drug effect 300-660 minutes after
administration. Importantly, no bad drug effects were reported after MDMA-LSD (FIGURE 3A).
Thus, MDMA reduced LSD-associated bad drug effects. Similarly, LSD produced moderate

anxiety at drug effect onset and this effect was reduced by MDMA resulting in no relevant
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anxiety in the MDMA-LSD condition (FIGURE 3B).

[00074] The combination of MDMA and LSD induced a more robust and longer-lasting
self-reported feeling of high compared with MDMA or LSD alone (FIGURE 4A). LSD induced
moderate nausea at drug effect onset but only when given alone (FIGURE 4B).

[00075] LSD and MDMA-LSD induced comparable changes in visual perception
(FIGURE 5A) and synaesthesias (sounds influencing visual perception) (FIGURE 5B).

[00076] LSD and MDMA-LSD induced comparable changes in the perception of time and
similar experiences of ego-dissolution, possibly being more robust and lasting longer after
MDMA-LSD compared with LSD alone (FIGURES 6A and 6B).

[00077] MDMA typically induces feelings of being more emotional and feelings of
happiness. When combined with MDMA, LSD produced slightly greater feelings of emotionality
(FIGURE 7A) and significantly greater happiness (FIGURE 7B) compared to LSD alone.
[00078] As shown in FIGURE 8A, MDMA increases ratings of being talkative and LSD
reduces talkative especially during the first 240 minutes after administration. When combined
these opposite effects of the single substances are less prominent (FIGURE 8A).

[00079] MDMA increases ratings of openness. This is also the case when MDMA is given
with LSD while LSD along produces lower increases in openness (FIGURE 8A). Thus, the LSD
experience becomes more MDMA-like and more empathogenic when combined with MDMA.
[00080] MDMA increases feelings of trust and openness (FIGURES 9A and 9B). MDMA-
LSD produced greater ratings of trust and openness compared with LSD alone (FIGURES 9A
and 9B).

[00081] After MDMA or LSD or MDMA-LSD administration subjects wanted to be with
others and not alone. This effect was comparable across drug conditions (FIGURES 10A and
10B).

[00082] LSD alone had no effect on the degree of intro or extroversion. MDMA-LSD
produced greater extroversion compared with LSD alone (FIGURE 11).

[00083] Acute effects on 5D-ASD

[00084] LSD and MDMA-LSD induced comparable degrees of alterations of
consciousness on the 5D-ASC main (FIGURE 12) and subscales (FIGURE 13). Importantly,
feelings of bliss tended to be greater after MDMA-LSD compared with LSD alone (FIGURE
13). Consistently, negative effects of LSD including disembodiment and anxiety were reduced
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by MDMA co-administration (FIGURE 13).

[00085] Vital signs

[00086] MDMA-LSD increased systolic and diastolic blood pressure slightly more and for
a longer time than MDMA or LSD alone (FIGURES 14A and 14B). MDMA-LSD produced
comparable effects on heart rate and body temperature to LSD alone (FIGURES 15A and
15B).

[00087] Adverse effects (LC score)

[00088] Total average LC scores were increased by placebo, MDMA, LSD, and MDMA-
LSD to 5, 12, 18, and 12, respectively. Thus, MDMA-LSD produce a lower mean number of
acute complaints compared with LSD alone.

[00089] Throughout this application, various publications, including United States patents,
are referenced by author and year and patents by number. Full citations for the publications
are listed below. The disclosures of these publications and patents in their entireties are
hereby incorporated by reference into this application in order to more fully describe the state
of the art to which this invention pertains.

[00090] The invention has been described in an illustrative manner, and it is to be
understood that the terminology, which has been used is intended to be in the nature of words
of description rather than of limitation.

[00091] Obviously, many modifications and variations of the present invention are
possible in light of the above teachings. It is, therefore, to be understood that within the scope
of the appended claims, the invention can be practiced otherwise than as specifically

described.
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