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NV-5138/SPN-820 Directly Activates Postsynaptic mTORC1 Pathway 
Signaling, Increasing Synaptic Signaling and Normalizing Mood

Improved Mood
and

Less Potential for 
Neurological Side Effects

1Wolfson et al., Science 2016;351:43
2Sengupta et al., Sci Rpts 2019;9:4107
3Kato et al., J. Clin. Invest. 2019;130:2442
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Esketamine and other NMDA 
receptor targeted agents, 

psychedelic agents NV-5138 is a first-in-class, orally active small molecule that 
directly activates brain mTORC1, the gatekeeper of cellular 
metabolism and spine/synapse resilience and function, which 
is often suppressed in people suffering from depression. 
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Background
• NV-5138, a direct mTORC1 activator demonstrates rapid and long-lasting 'antidepressant' effects comparable 

to ketamine in pre-clinical models. 
• A preliminary qEEG study in rodents demonstrated that two sequential oral doses of NV-5138 vs vehicle 

(separated by 60 hours) produced significant spectral power changes at frontal-frontal and frontal-parietal 
electrode derivations. Differences observed between dose 1 and dose 2. These data suggest that qEEG may 
be useful to further characterize the impact of NV-5138 on the central nervous system.

• Early clinical data has shown that single doses of NV-5138 up to 2400 mg were safe and well tolerated in 
healthy adults1 and those with treatment-resistant depression (TRD in 32 subjects).2 Significant 
improvement on HAM-D6 at 4-12 hours post dose, with sustained numerical separation from placebo past 
24 hours.

• The present study was designed to investigate the impact of two sequential doses of 2400 mg NV-5138 
(separated by 2 days) on a full range of qEEG spectral amplitudes, derived frequency and coherence 
measures, using a full scalp recording configuration in healthy adult males. Safety, PK, and tolerability were 
also evaluated. 
1. Leventer S, Gruener D, Schmalback T, et al. NV-5138 a Novel Direct Activator of the Mechanistic Target of Rapamycin Complex 1 (mTORC1): Safety, Tolerability and 

Pharmacokinetics (PK) in Plasma and Cerebrospinal Fluid (CSF) Following Oral Administration in Healthy Volunteers. Abstract presented at: American College of 
Neuropsychopharmacology (ACNP) 58th Annual Meeting; December 8-11, 2019; Orlando, FL.

2. Targum S, Leventer S, Hughes T, Owen J, Vlasuk G. NV-5138 A Novel, Direct Activator of the Mechanistic Target of Rapamycin Complex 1 (mTORC1): A Phase 1b Randomized, 
Double-Blind, Placebo-Controlled Single Oral Dose Study in Subjects With Treatment-Resistant Depression (TRD). Abstract presented at: American College of 
Neuropsychopharmacology (ACNP) 58th Annual Meeting; December 8-11, 2019; Orlando, FL.
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Background Rationale for qEEG Evaulation in Early Phase Studies
• qEEG can be used to demonstrate brain penetration of a molecule, as well as provide evidence for proof of mechanism 

as a readout of brain activity in response to drug administration
• qEEG activity associated with psychiatric disorders such as MDD, most commonly, is an increase in lower frequency 

band amplitudes (delta and theta), and a decrease in alpha band amplitudes.16,17

• qEEG characterization of the alpha rhythm (8-13 Hz) has been used as an index of cortical deactivation, where patients 
with MDD exhibit higher alpha power relative to controls.18

• qEEG resting state measurements might have utility to evaluate treatment response in MDD. A variety of measures 
have been evaluated: frontal alpha asymmetry19, prefrontal theta cordance,20 pretreatment rostral anterior cingulate 
theta activity,21 antidepressant treatment response index,22 EEG functional connectivity, 23 and high frequency alpha. 24 

• Increased Alpha slow wave index (ASI) and decreased Theta/Beta ratio are typically linked to increasing arousal and 
cognitive processing and associated with antidepressant effects.

• qEEG coherence provides information about functional integration and connectivity between inter- and intra-
hemispheric brain regions,25 and coherence measures have been related to treatment response.26, 27

16. Newson JJ, Thiagarajan TC. EEG Frequency Bands in Psychiatric Disorders: A Review of Resting State Studies. Front Hum Neurosci. 2018;12:521.
17. Coutin-Churchman P, Anez Y, Uzcategui M, et al. Quantitative spectral analysis of EEG in psychiatry revisited: drawing signs out of numbers in a clinical setting. Clinical Neurophysiology. 2003;114(12):2294-2306.
18. Jaworska N, Blier P, Fusee W, Knott V. α Power, α asymmetry and anterior cingulate cortex activity in depressed males and females. J Psychiatr Res. 2012;46(11):1483-1491.
19. Arns M, Bruder G, Hegerl U, et al. EEG alpha asymmetry as a gender-specific predictor of outcome to acute treatment with different antidepressant medications in the randomized iSPOT-D study. Clin Neurophysiol. 2016;127(1):509-519.
20. Bares M, Novak T, Kopecek M, Brunovsky M, Stopkova P, Höschl C. The effectiveness of prefrontal theta cordance and early reduction of depressive symptoms in the prediction of antidepressant treatment outcome in patients with resistant 

depression: analysis of naturalistic data. Eur Arch Psychiatry Clin Neurosci. 2015;265(1):73-82.
21. Pizzagalli DA, Webb CA, Dillon DG, et al. Pretreatment Rostral Anterior Cingulate Cortex Theta Activity in Relation to Symptom Improvement in Depression: A Randomized Clinical Trial. JAMA Psychiatry. 2018;75(6):547-554.
22. Cook IA, Hunter AM, Caudill MM, Abrams MJ, Leuchter AF. Prospective testing of a neurophysiologic biomarker for treatment decisions in major depressive disorder: The PRISE-MD trial. J Psychiatr Res. 2020;124:159-165.
23. Rolle CE, Fonzo GA, Wu W, et al. Cortical Connectivity Moderators of Antidepressant vs Placebo Treatment Response in Major Depressive Disorder: Secondary Analysis of a Randomized Clinical Trial. JAMA Psychiatry. 2020;77(4):397-408.
24. M Fava1,2, K Johe3, L Ereshefsky, A Phase 1B, randomized, double blind, placebo controlled, multiple-dose escalation study of NSI-189 phosphate, a neurogenic compound, in depressed patients
28 December 2015; doi:10.1038/mp.2015.178
25. Srinivasan R, Winter WR, Ding J, Nunez PL. EEG and MEG coherence: measures of functional connectivity at distinct spatial scales of neocortical dynamics. J Neurosci Methods. 2007;166(1):41-52.
26. Ford MR, Goethe JW, Dekker DK. EEG coherence and power in the discrimination of psychiatric disorders and medication effects. Biol Psychiatry. 1986;21(12):1175-1188.
27. Bares M, Brunovsky M, Kopecek M, et al. Early reduction in prefrontal theta QEEG cordance value predicts response to venlafaxine treatment in patients with resistant depressive disorder. European Psychiatry. 2008;23(5):350-355.
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Methods 
• 25 healthy male subjects randomly assigned to a single dose of either placebo or 2400 mg NV-5138 on Day 1, and the same 

treatment on Day 3. The in-house period of the study was 8 days/7 nights, and up 7-day follow-up period after discharge. 

• Tolerability and PK were evaluated. 

• Baseline (Day -1) and Days 1 and 3 had time matched qEEGs recorded (5 minutes each eyes closed (EC); eyes open (EO)) 
corresponding to 1 hour pre-dose and 1-, 4-, and 8- hours post-dose. 

• Recording: Compumedics Grael 4k V2 EEG amplifiers, Curry 8E Software, 23 electrodes (International 10-20 system). Pre-
processing of 2 second segments uses Irregular-Resampling Auto-Spectral Analysis (IRASA), and a fast Fourier transformation 
on the oscillatory component  (up to 25 Hz, Beta3), to separate from the fractal components (delta through gamma3 bands). 

• Spectral band amplitudes (uV), frequency-derived measures, and magnitude squared coherence were assessed
• delta (1.0 – 4.0 Hz), theta (4.0 - 8.0 Hz), alpha (8.0 - 12.0 Hz) {alpha 1 (8.0 - 10.0 Hz), alpha 2 (10.0 - 12.0 Hz)}, beta (12.0 - 25.0 Hz), {beta 1 (12.0 - 15.0 Hz), 

beta 2 (15.0 - 18.0 Hz), beta 3 (18.0 - 25.0 Hz), high beta (25.0. – 30.0 Hz)}, gamma (30.0. – 50.0 Hz), {gamma 1 (30.0 - 35.0 Hz), gamma 2 (35.0 - 40.0 Hz) 
and gamma 3 (40.0 - 50.0 Hz)}. 

• Band amplitudes for thirteen spatial regions were estimated by averaging band amplitudes : Frontal: left (FP1, F3, F7), right (FP2, F4, 
F8), midline (Fz); Central: left (C3), right (C4), midline (Cz); Temporal: left (T3, T5), right (T4, T6); Parietal: left (P3), right (P4), midline 
(Pz); Occipital: left (O1), right (O2). . 

• Derived Frequency Measures: alpha slow-wave index (ASI), theta/beta ratio (TBR), and dominant frequency (individual 
alpha frequency, IAF). 

• Value Differences are used to quantify changes in each QEEG measure relative to baselines and are defined as the 
normalized adjusted value difference. Mean value differences and Value Ratios are portrayed on ‘heat maps’

• Value Ratios are a secondary measure used to confirm patterns of change seen in value differences. The value ratio is the 
ratio of a given measure at a post-dose timepoint to its value at the corresponding baseline. 
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Methods – Statistical Analysis Plan
• Salient changes in end points for drug vs placebo on Days 1 and 3, were classified as small, 

medium or large, confirmed by the ANCOVA model implemented as the Mixed Model Repeated 
Measures (MMRM) and using absolute post-dose values as dependent variable and the pre-dose 
baseline time point was used as a covariate. 

• Experience over many clinical trials has shown that changes in group mean normalized baseline-
adjusted qEEG band amplitudes or derived measures with absolute values exceeding 0.1 (± 10% 
contrast) are likely to lead to significant and meaningful results in formal statistical analyses. 

• In addition, the consistency of changes and their pattern across spatial regions can help to 
distinguish a potential effect of the experimental conditions from random variations. For example, 
isolated changes at a single spatial region or timepoint are not likely to be meaningful in small 
samples. Certain regions, including frontal and temporal, are susceptible to EOG, EMG or motion 
artifact, especially at lateral locations. When these locations disagree with central locations, artifact 
is likely to be present. 

• Using such heuristics, the pivot charts were reviewed to identify potential effects of treatment. 
Each endpoint was reviewed for salient changes that met the 10% change criterion and exhibited 
physiologically plausible patterns.
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Results
56 subjects were screened, with a total of 25 randomized (13 placebo/12 drug). 24 subjects completed the 
study (1 participant withdrew consent on Day 1 (placebo). 

Characteristic NV-5138 2400 mg 
(N = 12)

Placebo 
(N = 13)

All Participants 
(N = 25)

Age
Year, mean (SD) 35.3 (7.6) 42.5 (9.4) 39.0 (9.2)
Median (min, max) 36 (23, 48) 46 (19, 52) 41 (19, 52)

Gender, n (%) 
Male 12 (100%) 13 (100%) 25 (100%)

Race, n (%) 
Black or African 

American 
9 (75.0%) 11 (84.6%) 20 (80.0%)

White 1 (8.3%) 1 (7.7%) 2 (8.0%)
Other 2 (16.7%) 1 (7.7%) 3 (12.0%)

Ethnicity, n (%) 
Not Hispanic or 

Latino 
9 (75.0%) 12 (92.3%) 21 (84.0%)

Hispanic or Latino 3 (25.0%) 1 (7.7%) 4 (16.0%)
Height, cm

Mean (SD) 181 (7.5) 176 (6.3) 179 (7.2)
Median (min, max) 182 (165, 194) 179 (167, 188) 180 (165, 194)

Weight, kg
Mean (SD) 88.4 (12.8) 78.9 (9.2) 83.4 (11.9)
Median (min, max) 87.4 (68.4, 

112.0)
76.8 (66.7, 97.8) 81.5 (66.7, 112.0)

BMI, kg/m2

Mean (SD) 26.8 (2.7) 25.4 (2.6) 26.1 (2.7)

Median (min, max) 27.0 (22.1, 29.9) 24.9 (21.0, 29.8) 25.8 (21.0, 29.9)

The two sequential doses of NV-5138 were well tolerated. 

• No dissociative effects were observed, as evaluated with CADSS
• *Subject baseline EEG was read WNL.

Following ‘abnormal’ study EEG Extended 6-hour safety EEG was 
obtained on Day 6 

• Independent reviewer, reported the same EEG findings
• Conclusion, 20-minute safety EEGs might not pick up exclusionary 

abnormalities, whereas extended time matched safety evaluations 
approximating the duration of on drug procedures better identify 
pre-existing exclusionary conditions.

Category 
NV-5138 2400 mg

N = 12
Placebo  N = 13

Participants with treatment-related 
AEs 0 2 (15.4%)

Number of treatment-related AEs 0 3
Investigations 1 (8.3%) 1 (7.7%)
Alanine amino transferase increased 0 1 (7.7%)
Aspartate amino transferase increased 0 1 (7.7%)
EEG bitemporal slowing and left-

posterior temporal sharps*
1 (8.3%) 0

Gastrointestinal disorders 0 1 (7.7%)
Upper abdominal pain 0 1 (7.7%)
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Summary of plasma NV-5138 noncompartmental 
pharmacokinetic parameters by dosing day 

Day Statistic
Cmax

(ng/mL)
Tmax

(h)
AUClast

(h·ng/mL)
t½
(h)

Day 1

N 11 11 11 11
Mean 45,100 NC 409,000 12.2
SD 9,980 NC 60,200 1.62
Arithmetic 
CV%

22.1 NC 14.7 13.3

Geometric 
mean

43,900 NC 405,000 12.1

Geometric 
CV%

26.1 NC 15.6 13.5

Min 23,300 0.50 298,000 9.20
Median 47,000 1.00 422,000 12.0
Max 57,700 1.00 481,000 15.2

Day 3

N 11 11 11 11
Mean 45,600 NC 462,000 15.6
SD 5,700 NC 87,000 2.94
CV% 12.5 NC 18.8 18.9
Geometric 
mean

45,300 NC 455,000 15.3

Geometric 
CV%

13.1 NC 18.5 19.0

Min 35,700 0.50 369,000 10.9
Median 47,400 0.50 460,000 15.6
Max 52,300 0.50 632,000 21.1
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Day -1: 
• pre-dose1 (time-matched pre-

dose time on Day 1) 
• pre-dose2 (+1 hr) 
• pre-dose3 (+4 hr) 
• pre-dose4 (+8 hr) 

Day 1 dosing: 
• pre-dose5 (-1 hr prior pre-1st 

dose) 
• post-dose1 (+1 hr) 
• post-dose2 (+4 hr) 
• post-dose3 (+8 hr) 

Day 2: 
• post-dose4 (+23 hr) 
• post-dose5 (+25 hr) 
• post-dose6 (+28 hr) 
• post-dose7 (+32 hr) 

Day 3 dosing: 
• post-dose8 (-1 hr pre-2nd 

dose)) 
• post-dose9 (+1 hr) 
• post-dose10 (+4 hr) 
• post-dose11 (+8 hr) 

Day 4: 
• post-dose12 (+23 hr) 
• post-dose13 (+25 hr) 
• post-dose14 (+28 hr) 
• post-dose15 (+32 hr) 

Day 5: 
• post-dose16 (+47 hr) 

Follow-Up: 
• post-dose16 

 

Dose TimePoint Baseline Day Nominal Time Hrs|PostDose-1 Hrs|PostDose-2 Time Match Day -1
0 PREDOSE1 NA -1 0800 -25 -73
0 PREDOSE2 NA -1 1000 -23 -71
0 PREDOSE3 NA -1 1300 -20 -68
0 PREDOSE4 NA -1 1700 -16 -64
0 PREDOSE5 NA 1 0800 -1 -49
1 POSTDOSE1 PREDOSE2 1 1000 1 -47 1
1 POSTDOSE2 PREDOSE3 1 1300 4 -44 4
1 POSTDOSE3 PREDOSE4 1 1700 8 -40 8
1 POSTDOSE4 PREDOSE1 2 0800 23 -25 -1
1 POSTDOSE5 PREDOSE2 2 1000 25 -23 1
1 POSTDOSE6 PREDOSE3 2 1300 28 -20 4
1 POSTDOSE7 PREDOSE4 2 1700 32 -16 8
1 POSTDOSE8 PREDOSE1 3 0800 47 -1 -1

 1 + 2 POSTDOSE9 PREDOSE2 3 1000 49 1 1
 1 + 2 POSTDOSE10 PREDOSE3 3 1300 52 4 4
 1 + 2 POSTDOSE11 PREDOSE4 3 1700 56 8 8
 1 + 2 POSTDOSE12 PREDOSE1 4 0800 71 23 -1
 1 + 2 POSTDOSE13 PREDOSE2 4 1000 73 25 1
 1 + 2 POSTDOSE14 PREDOSE3 4 1300 76 28 4
 1 + 2 POSTDOSE15 PREDOSE4 4 1700 80 32 8
 1 + 2 POSTDOSE16 PREDOSE1 5 0800 95 47 -1
 1 + 2 POSTDOSE17 PREDOSE4 10 1700 296 248 8

Dose TimePoint Baseline Day Nominal Time Hrs|PostDose-1 Hrs|PostDose-2 Time Match Day -1
0 PREDOSE1 NA -1 0800 -25 -73
0 PREDOSE2 NA -1 1000 -23 -71
0 PREDOSE3 NA -1 1300 -20 -68
0 PREDOSE4 NA -1 1700 -16 -64
0 PREDOSE5 NA 1 0800 -1 -49
1 POSTDOSE1 PREDOSE2 1 1000 1 -47 1
1 POSTDOSE2 PREDOSE3 1 1300 4 -44 4
1 POSTDOSE3 PREDOSE4 1 1700 8 -40 8
1 POSTDOSE4 PREDOSE1 2 0800 23 -25 -1
1 POSTDOSE5 PREDOSE2 2 1000 25 -23 1
1 POSTDOSE6 PREDOSE3 2 1300 28 -20 4
1 POSTDOSE7 PREDOSE4 2 1700 32 -16 8
1 POSTDOSE8 PREDOSE1 3 0800 47 -1 -1

 1 + 2 POSTDOSE9 PREDOSE2 3 1000 49 1 1
 1 + 2 POSTDOSE10 PREDOSE3 3 1300 52 4 4
 1 + 2 POSTDOSE11 PREDOSE4 3 1700 56 8 8
 1 + 2 POSTDOSE12 PREDOSE1 4 0800 71 23 -1
 1 + 2 POSTDOSE13 PREDOSE2 4 1000 73 25 1
 1 + 2 POSTDOSE14 PREDOSE3 4 1300 76 28 4
 1 + 2 POSTDOSE15 PREDOSE4 4 1700 80 32 8
 1 + 2 POSTDOSE16 PREDOSE1 5 0800 95 47 -1
 1 + 2 POSTDOSE17 PREDOSE4 10 1700 296 248 8

Dose TimePoint Baseline Day Nominal Time Hrs|PostDose-1 Hrs|PostDose-2 Time Match Day -1
0 PREDOSE1 NA -1 0800 -25 -73
0 PREDOSE2 NA -1 1000 -23 -71
0 PREDOSE3 NA -1 1300 -20 -68
0 PREDOSE4 NA -1 1700 -16 -64
0 PREDOSE5 NA 1 0800 -1 -49
1 POSTDOSE1 PREDOSE2 1 1000 1 -47 1
1 POSTDOSE2 PREDOSE3 1 1300 4 -44 4
1 POSTDOSE3 PREDOSE4 1 1700 8 -40 8
1 POSTDOSE4 PREDOSE1 2 0800 23 -25 -1
1 POSTDOSE5 PREDOSE2 2 1000 25 -23 1
1 POSTDOSE6 PREDOSE3 2 1300 28 -20 4
1 POSTDOSE7 PREDOSE4 2 1700 32 -16 8
1 POSTDOSE8 PREDOSE1 3 0800 47 -1 -1

 1 + 2 POSTDOSE9 PREDOSE2 3 1000 49 1 1
 1 + 2 POSTDOSE10 PREDOSE3 3 1300 52 4 4
 1 + 2 POSTDOSE11 PREDOSE4 3 1700 56 8 8
 1 + 2 POSTDOSE12 PREDOSE1 4 0800 71 23 -1
 1 + 2 POSTDOSE13 PREDOSE2 4 1000 73 25 1
 1 + 2 POSTDOSE14 PREDOSE3 4 1300 76 28 4
 1 + 2 POSTDOSE15 PREDOSE4 4 1700 80 32 8
 1 + 2 POSTDOSE16 PREDOSE1 5 0800 95 47 -1
 1 + 2 POSTDOSE17 PREDOSE4 10 1700 296 248 8

Time Points for qEEG Assessment and Dosing
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Results – Post-dose qEEG at 1-Hour (NV-5138 Tmax) and Later Time Points
• Among the most robust changes in qEEG parameters occurred in the NV-5138 group, on both dosing days at 

1-hour post-dose (approximately at the time of NV-5138 Tmax). 
• These assessments revealed a decrease in low-frequency EEG bands (delta and theta) and an increase in 

high-frequency EEG bands (high beta, gamma), while alpha bands exhibited decreased amplitudes (or 
desynchronization). 
• In the NV-5138 group only, significant changes in qEEG measures occurred at 1-hour post-dose on both days, including decreases in 

low-frequency band amplitudes (theta) and increases in high-frequency EEG band amplitudes (high beta and gamma) with a 
resultant decrease in Theta/Beta ratio

• Significantly increased high beta and gamma band inter- and intrahemispheric coherences were also detected at several specific 
electrode pairs in both eyes-open and eye-closed conditions. These met criteria for salient change (> 10%)

• Salient changes observed in the fractal part of the EEG spectrum included increases in amplitudes for high beta, gamma, gamma 1,
gamma 2, and gamma 3 bands (greatest change). 

• First dose @ 8 - 23 hours post-dose showed alpha 1, alpha 2 and beta 1 bands increased in amplitudes and 
increased Alpha Slow-wave Index (ASI) not observed at 1-hour Tmax (suggestive of ‘beneficial effects)

• Second dose @ 1-hour post dose were similar to the first dose; including decrease in alpha amplitude vs. 
@ 4-8+ hours post-dose, alpha amplitude and ASI were increased.

• Changes in qEEG in the placebo group were minimal but did demonstrate changes over the day consistent 
with diurnal rhythm and activity. 
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NV-5138 Decreases Low 
Frequency and Increases High 

Frequency Oscillatory and 
Fractal Spectral Band 

Amplitudes for thirteen spatial 
regions at 1-hour Post-dose
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Gamma 3 EC Heat Map Both Doses and Times

1 hr post-1st dose      1 hr post-2nd dose
Placebo

Dosing:

Value 
differences

Value Ratios 
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NV-5138
Increases High Frequency 

Coherence EO 
1-Hour Post-dose

Endpoint 
EC 

NV-5138 Placebo 
Delta (1.0 - 4.0 Hz) - - 
Theta (4.0 - 8.0 Hz) - - 
Alpha (8.0 - 12.0 Hz) ↑ - 
Alpha 1 (8.0 - 10.0 Hz) ↑ - 
Alpha 2 (10.0 - 12.0 Hz) ↑ - 
Beta (12.0 - 25.0 Hz), ↑ - 
Beta 1 (12.0 - 15.0 Hz) ↑ - 
Beta 2 (15.0 - 18.0 Hz) ↑ - 
Beta 3 (18.0 - 25.0 Hz), ↑↑ ↓↑ 
Hi-Beta (25.0 - 30.0 Hz) ↑↑ ↓↑ 
Gamma (30.0 - 50.0 Hz) ↑↑↑ - 
Gamma 1 (30.0 - 35.0 Hz) ↑↑ - 
Gamma 2 (35.0 - 40.0 Hz) ↑↑↑ - 
Gamma 3 (40.0 - 50.0 Hz) ↑↑↑ - 
Total (1.0 – 50.0 Hz)   ↑ - 

 • Coherence endpoints. Symbols indicate either no 
salient changes (-), small to large increases (↑, 
↑↑, ↑↑↑), small to large decreases (↓, ↓↓, 
↓↓↓) or mixed decreases and increases (↓↑) in 
mean value differences. A change in mean normalized 
value difference indicates a decrease or increase in a 
QEEG parameter relative to baseline. Changes that 
were confirmed to be significant treatment effects in 
formal MMRM models are highlighted in red. 

• Related to functional integration and connectivity 
between inter- and intra-hemispheric brain regions

Low to high frequencies
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NV-5138 reduces the Theta/Beta ratio at 
1- hour post-dose

• Linked to increasing 
arousal, cognitive 
processing, and 
associated with 
antidepressant effects
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EC Alpha Heat Map Both Doses and Times

23 hrs post-1st dose      4 hrs post-2nd dose
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EO Alpha Frontal left 0.16 0.20 0.18 0.21 0.20 0.21 0.23 0.19 0.19 0.21 0.20 0.19 0.16 0.20 0.21 0.19 0.18 0.20 0.19 0.20 0.17 0.20 0.22 0.26 0.28 0.24 0.22 0.21 0.22 0.21 0.27 0.26 0.28 0.27 0.27 0.19 0.30 0.23 0.24 0.32 0.31 0.27 0.24 0.26 Scale Max 0.46
EO Alpha Frontal midline 0.22 0.27 0.25 0.28 0.28 0.29 0.31 0.25 0.24 0.29 0.27 0.27 0.22 0.28 0.29 0.27 0.24 0.27 0.28 0.28 0.23 0.29 0.32 0.36 0.39 0.36 0.31 0.28 0.30 0.30 0.35 0.36 0.38 0.37 0.36 0.24 0.33 0.31 0.33 0.42 0.43 0.36 0.34 0.37 Center 0.33
EO Alpha Frontal right 0.16 0.21 0.19 0.21 0.21 0.22 0.24 0.19 0.19 0.22 0.20 0.21 0.17 0.22 0.21 0.20 0.18 0.21 0.21 0.21 0.19 0.21 0.23 0.26 0.28 0.25 0.23 0.22 0.23 0.22 0.27 0.27 0.28 0.29 0.29 0.19 0.29 0.24 0.25 0.31 0.32 0.26 0.24 0.27 Scale Min 0.19
EO Alpha Temporal left 0.21 0.26 0.25 0.26 0.26 0.30 0.31 0.25 0.24 0.30 0.28 0.26 0.22 0.26 0.25 0.23 0.23 0.27 0.27 0.26 0.23 0.28 0.26 0.29 0.32 0.26 0.25 0.22 0.27 0.25 0.31 0.30 0.33 0.32 0.32 0.23 0.35 0.31 0.29 0.35 0.34 0.31 0.28 0.32

EO Alpha Temporal right 0.21 0.26 0.27 0.28 0.27 0.31 0.32 0.27 0.26 0.31 0.27 0.27 0.23 0.27 0.28 0.27 0.25 0.29 0.25 0.29 0.25 0.27 0.27 0.32 0.33 0.31 0.26 0.24 0.29 0.28 0.32 0.33 0.34 0.33 0.31 0.23 0.37 0.31 0.30 0.38 0.37 0.30 0.29 0.33

EO Alpha Central left 0.24 0.32 0.29 0.31 0.32 0.34 0.33 0.31 0.28 0.32 0.31 0.29 0.28 0.31 0.31 0.27 0.27 0.31 0.28 0.29 0.23 0.30 0.30 0.30 0.35 0.29 0.28 0.25 0.28 0.27 0.40 0.39 0.39 0.38 0.37 0.26 0.38 0.31 0.37 0.42 0.41 0.35 0.32 0.38

EO Alpha Central midline 0.25 0.32 0.29 0.31 0.30 0.32 0.35 0.31 0.28 0.32 0.31 0.32 0.27 0.32 0.34 0.32 0.29 0.33 0.30 0.33 0.28 0.35 0.35 0.37 0.41 0.37 0.35 0.32 0.34 0.35 0.41 0.41 0.43 0.43 0.41 0.29 0.39 0.35 0.42 0.48 0.48 0.39 0.39 0.43

EO Alpha Central right 0.25 0.32 0.30 0.32 0.32 0.34 0.37 0.34 0.30 0.35 0.32 0.33 0.28 0.34 0.35 0.31 0.29 0.33 0.31 0.33 0.26 0.33 0.31 0.34 0.36 0.32 0.29 0.26 0.31 0.31 0.38 0.40 0.40 0.40 0.35 0.25 0.38 0.30 0.37 0.44 0.43 0.34 0.32 0.39

EO Alpha Parietal left 0.33 0.38 0.40 0.42 0.43 0.44 0.44 0.42 0.39 0.44 0.43 0.39 0.35 0.39 0.43 0.39 0.38 0.41 0.38 0.40 0.34 0.44 0.41 0.46 0.50 0.40 0.39 0.33 0.39 0.40 0.48 0.49 0.50 0.45 0.53 0.40 0.46 0.46 0.50 0.55 0.55 0.45 0.46 0.52

EO Alpha Parietal midline 0.34 0.39 0.41 0.43 0.44 0.43 0.47 0.45 0.42 0.47 0.46 0.43 0.37 0.43 0.48 0.44 0.43 0.45 0.42 0.46 0.38 0.52 0.47 0.49 0.54 0.45 0.46 0.38 0.45 0.46 0.55 0.59 0.56 0.53 0.57 0.44 0.51 0.48 0.54 0.59 0.58 0.48 0.53 0.57

EO Alpha Parietal right 0.32 0.38 0.40 0.42 0.41 0.43 0.47 0.43 0.39 0.46 0.44 0.41 0.35 0.41 0.46 0.41 0.40 0.43 0.39 0.45 0.36 0.47 0.43 0.46 0.49 0.42 0.41 0.36 0.42 0.43 0.50 0.54 0.53 0.48 0.52 0.40 0.50 0.46 0.48 0.56 0.55 0.45 0.48 0.54

EO Alpha Occipital left 0.27 0.30 0.31 0.33 0.36 0.39 0.43 0.35 0.35 0.39 0.36 0.32 0.29 0.33 0.36 0.34 0.32 0.35 0.34 0.37 0.32 0.39 0.34 0.41 0.44 0.35 0.32 0.28 0.34 0.33 0.37 0.41 0.41 0.38 0.46 0.31 0.40 0.39 0.37 0.45 0.44 0.35 0.39 0.43

EO Alpha Occipital right 0.28 0.30 0.32 0.34 0.36 0.39 0.49 0.36 0.35 0.38 0.36 0.32 0.28 0.36 0.36 0.32 0.33 0.36 0.33 0.39 0.33 0.38 0.36 0.43 0.46 0.39 0.32 0.28 0.34 0.34 0.39 0.44 0.42 0.41 0.46 0.32 0.42 0.40 0.38 0.48 0.45 0.37 0.38 0.45

Adjusted Value Difference
EO Alpha Frontal left -0.01 0.06 -0.05 0.06 0.03 -0.01 -0.03 0.01 0.02 0.03 -0.03 0.04 -0.01 0.00 -0.02 0.02 0.10 -0.16 -0.06 -0.06 0.07 -0.02 0.00 0.03 0.07 -0.18 0.01 -0.03 0.04 0.04 0.04 0.01 0.04 0.15 Scale Max 0.15
EO Alpha Frontal midline 0.01 0.07 -0.05 0.01 0.02 -0.01 -0.04 -0.01 0.02 0.03 -0.02 0.03 -0.02 0.00 -0.02 0.00 0.11 -0.15 -0.07 -0.09 0.06 -0.04 0.00 0.00 0.06 -0.21 -0.05 -0.07 0.05 0.03 0.03 -0.04 0.04 0.16 Center 0.00
EO Alpha Frontal right -0.03 0.07 -0.05 0.03 0.00 -0.02 -0.02 0.01 -0.01 0.00 -0.01 0.02 -0.06 0.01 0.00 0.02 0.10 -0.13 -0.05 -0.08 0.07 0.01 0.03 0.04 0.08 -0.18 -0.02 -0.02 0.04 0.07 0.03 -0.02 0.02 0.14 Scale Min -0.15
EO Alpha Temporal left 0.04 0.05 0.02 0.00 0.02 -0.02 -0.01 0.00 0.00 -0.05 -0.03 -0.01 -0.02 -0.06 -0.02 -0.03 0.04 -0.17 -0.05 -0.04 0.07 0.02 0.05 0.04 0.07 -0.14 0.04 0.02 0.02 0.05 0.05 0.00 0.05 0.14

EO Alpha Temporal right 0.02 0.05 0.03 0.04 0.02 -0.04 0.00 0.02 0.00 -0.02 0.02 0.02 0.01 -0.09 -0.01 0.00 0.05 -0.19 -0.05 -0.03 0.11 0.04 0.06 0.03 0.09 -0.16 0.06 0.00 0.07 0.08 0.05 -0.03 0.06 0.14

EO Alpha Central left 0.00 0.02 0.01 0.04 0.00 -0.03 -0.02 0.04 0.01 -0.01 -0.05 0.04 -0.04 -0.08 -0.05 -0.02 0.05 -0.14 -0.05 -0.02 0.14 0.10 0.08 0.09 0.12 -0.11 0.04 0.03 0.12 0.13 0.08 0.06 0.07 0.21

EO Alpha Central midline -0.03 0.04 -0.01 0.01 0.00 -0.01 0.00 -0.01 0.01 0.04 0.01 0.03 -0.02 -0.04 0.00 0.02 0.10 -0.13 -0.03 -0.02 0.10 0.01 0.05 0.05 0.11 -0.14 0.01 -0.03 0.10 0.09 0.08 0.01 0.07 0.20

EO Alpha Central right 0.00 0.07 0.03 0.04 0.00 -0.01 0.00 0.03 0.00 0.03 0.02 0.03 -0.04 -0.07 -0.02 -0.05 0.09 -0.18 -0.05 -0.02 0.12 0.04 0.06 0.05 0.11 -0.16 0.04 -0.03 0.11 0.11 0.06 0.01 0.05 0.22

EO Alpha Parietal left 0.04 0.04 0.03 0.03 0.02 -0.01 -0.04 0.01 0.00 0.00 -0.02 0.03 0.00 -0.07 -0.05 -0.01 0.03 -0.16 -0.05 -0.01 0.12 0.04 0.05 0.03 0.14 -0.10 -0.02 0.06 0.09 0.07 0.05 0.00 0.10 0.21

EO Alpha Parietal midline 0.01 0.03 0.02 0.03 0.02 -0.01 -0.03 0.01 0.01 0.03 0.01 0.05 0.01 -0.05 -0.03 0.00 0.07 -0.15 -0.04 0.01 0.14 0.06 0.04 0.02 0.14 -0.08 0.03 0.04 0.10 0.09 0.06 0.01 0.11 0.22

EO Alpha Parietal right 0.02 0.06 0.04 0.03 0.02 0.00 -0.03 0.02 0.00 0.03 0.03 0.04 0.01 -0.07 -0.02 -0.01 0.07 -0.17 -0.05 0.01 0.14 0.07 0.07 0.06 0.15 -0.10 0.02 0.02 0.10 0.09 0.04 0.00 0.11 0.22

EO Alpha Occipital left 0.06 0.11 0.03 0.07 0.05 0.02 -0.03 0.01 -0.01 0.04 0.02 0.04 0.01 -0.01 0.00 0.02 0.04 -0.15 -0.09 -0.04 0.04 -0.01 0.00 0.02 0.08 -0.13 0.00 0.04 0.02 0.03 0.03 -0.04 0.07 0.13

EO Alpha Occipital right 0.07 0.13 0.04 0.08 0.05 -0.01 -0.06 -0.02 0.01 0.01 0.00 0.04 0.02 -0.03 0.00 0.01 0.05 -0.20 -0.09 -0.03 0.07 0.05 0.02 0.04 0.07 -0.12 0.03 0.00 0.02 0.08 0.03 -0.05 0.05 0.12

Value Ratio
EO Alpha Frontal left 1.02 1.20 0.97 1.24 1.12 1.04 0.96 1.08 1.10 1.12 1.04 1.15 1.06 1.04 1.00 1.14 1.00 0.77 0.89 0.93 1.23 0.99 1.10 1.19 1.25 0.74 1.25 1.02 1.21 1.15 1.15 1.17 1.13 1.27 Scale Max 1.35
EO Alpha Frontal midline 1.06 1.22 0.95 1.11 1.09 1.04 0.95 1.02 1.11 1.11 1.04 1.14 1.03 1.09 1.00 1.10 1.03 0.79 0.90 0.86 1.15 0.95 1.12 1.03 1.18 0.71 1.13 0.88 1.20 1.11 1.16 0.98 1.12 1.17 Center 1.00
EO Alpha Frontal right 0.99 1.21 0.97 1.15 1.05 1.03 0.99 1.05 1.02 1.05 1.06 1.12 0.96 1.09 1.02 1.16 1.03 0.82 0.93 0.87 1.19 1.05 1.15 1.13 1.26 0.75 1.19 0.97 1.19 1.18 1.15 1.01 1.09 1.18 Scale Min 0.65
EO Alpha Temporal left 1.14 1.15 1.10 1.08 1.14 1.05 1.07 1.05 1.11 0.96 1.13 1.05 1.10 1.00 1.09 1.01 1.10 0.76 0.92 0.94 1.16 1.07 1.16 1.18 1.17 0.78 1.30 1.08 1.09 1.14 1.14 1.11 1.15 1.35

EO Alpha Temporal right 1.11 1.16 1.15 1.14 1.13 0.99 1.03 1.10 1.12 1.01 1.27 1.13 1.11 0.94 1.07 1.09 1.00 0.74 0.99 0.98 1.30 1.14 1.23 1.14 1.21 0.78 1.39 1.03 1.23 1.23 1.20 1.06 1.20 1.36

EO Alpha Central left 1.04 1.11 1.05 1.15 1.07 1.03 0.99 1.13 1.11 1.09 1.03 1.19 1.05 0.98 1.00 1.06 0.98 0.81 0.89 0.99 1.34 1.27 1.22 1.36 1.21 0.87 1.22 1.14 1.38 1.35 1.25 1.29 1.17 1.59

EO Alpha Central midline 0.99 1.17 1.02 1.08 1.06 1.04 1.03 1.05 1.09 1.14 1.11 1.15 1.03 1.00 1.05 1.11 1.09 0.84 0.96 0.98 1.21 1.07 1.20 1.16 1.23 0.82 1.16 0.96 1.29 1.22 1.25 1.12 1.18 1.34

EO Alpha Central right 1.03 1.21 1.10 1.18 1.14 1.08 1.03 1.11 1.11 1.14 1.13 1.19 1.03 0.98 1.03 1.05 1.05 0.76 0.94 1.03 1.43 1.13 1.18 1.19 1.24 0.79 1.23 0.95 1.36 1.27 1.19 1.12 1.23 1.62

EO Alpha Parietal left 1.15 1.12 1.12 1.18 1.16 1.10 0.98 1.06 1.11 1.06 1.13 1.16 1.14 1.00 1.02 1.06 1.04 0.77 0.92 1.01 1.27 1.13 1.17 1.16 1.33 0.88 1.06 1.18 1.33 1.20 1.22 1.14 1.32 1.58

EO Alpha Parietal midline 1.07 1.11 1.09 1.18 1.18 1.10 0.99 1.08 1.13 1.10 1.14 1.22 1.14 1.00 1.03 1.09 1.12 0.78 0.93 1.06 1.33 1.18 1.15 1.19 1.33 0.92 1.14 1.12 1.34 1.23 1.21 1.17 1.35 1.58

EO Alpha Parietal right 1.09 1.17 1.16 1.17 1.18 1.11 0.99 1.10 1.13 1.12 1.22 1.21 1.13 1.00 1.05 1.07 1.10 0.76 0.95 1.09 1.44 1.19 1.21 1.23 1.38 0.88 1.15 1.08 1.39 1.24 1.21 1.16 1.37 1.65

EO Alpha Occipital left 1.19 1.33 1.14 1.27 1.18 1.21 1.00 1.06 1.03 1.13 1.21 1.15 1.15 1.11 1.11 1.11 1.13 0.79 0.83 0.97 1.12 1.03 1.08 1.12 1.29 0.80 1.14 1.25 1.17 1.16 1.15 1.06 1.28 1.34

EO Alpha Occipital right 1.19 1.43 1.17 1.26 1.18 1.11 0.95 1.03 1.09 1.06 1.19 1.16 1.14 1.03 1.11 1.09 1.13 0.69 0.83 1.01 1.17 1.13 1.09 1.13 1.23 0.81 1.18 1.08 1.13 1.24 1.20 1.04 1.19 1.32

Placebo NV-5138
Time Point Time Point

Tmax Tmax
Placebo

Dosing:
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Heat Map Alpha Slow Wave Index EO (ASI) Both Doses and Times

8 hrs post-1st dose      4 - 8 hrs post-2nd dose

Placebo

Dosing:
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Conclusion
• NV-5138 was generally safe, well tolerated. PK comparable across doses and studies.
• NV-5138 penetrated the brain and actively modulated neural activity as measured by qEEG. 
• At 1- hour post-dose the increased beta through gamma band amplitudes and coherences, 

suggest NV-5138 might increase perceptual and cognitive processing.
• The alpha amplitudes and ASI were reduced 1- hour post-drug; increase at later time points;

• TRD pilot study showing HAM-D6 improvements at 4 and 12 hours post single-dose. 

• Decreased Theta/Beta ratio observed are typically linked to increasing arousal and cognitive 
processing and associated with antidepressant effects 

• The pattern of electrophysiology changes on drug was consistent with antidepressant effects. 
• Time course of drug effects post-dose should extend out past Tmax, if downstream changes in 

cellular function, gene expression, etc. are expected.
• Limitations include small sample size and use of healthy male volunteers precluding 

conclusions in females or in patients with depression.
• The use of a priori ‘salience’ and defining physiologically meaningful ‘signal’ helped to guide data analysis and reduce the 

number of repeated measures statistical analyses


