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ABSTRACT

NSI-189 (amdiglurax; ALTO-100) is a benzylpiperazine-
aminopyridine small molecule identified through a phenotypic
screen of approximately 10,000 compounds against human
hippocampal neural stem cells and advanced as a first-in-class
hippocampal neurogenesis stimulator for the treatment of major
depressive disorder (MDD). The compound was discovered by
Karl Johe and colleagues at Neuralstem, Inc. (Germantown,
Maryland) and is now under development by Alto Neuroscience
(Mountain View, California) under the designation ALTO-100.
NSI-189 is mechanistically distinct from all marketed
antidepressants: it has no detectable activity at serotonin,
norepinephrine, or dopamine transporters, no binding at 52
standard neurotransmitter receptor and ion channel targets, and
no activity across a panel of 900 kinases. Instead, the compound
stimulates proliferation and neurogenic ditferentiation of
hippocampal neural stem cells in vitro with low-micromolar
potency and, on oral administration to rodents at 10 to 30
mg/kg/day, produces dose-dependent increases in hippocampal
volume (up to 66 percent at 30 mg/kg in mice), upregulation of
brain-derived neurotrophic factor (BDNF), stem cell factor (SCF),
glial cell line-derived neurotrophic factor (GDNF), and vascular
endothelial growth factor (VEGF), and activation of the TrkB/Akt
signaling pathway. The morphological etfects are confined to the
dentate gyrus of the hippocampus and the subventricular zone; no
structural changes have been observed elsewhere in the brain. A
bell-shaped dose-response relationship is observed in preclinical
hippocampal volume endpoints, with 100 mg/kg producing less
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effect than 30 mg/kg, suggesting an optimal range for neurogenic
stimulation.

Clinical development has proceeded through Phase 1 (41 healthy
volunteers, 2011), Phase 1b (24 MDD patients, Fava et al. 2016,
published in Molecular Psychiatry), and Phase 2 (220 MDD
outpatients, Papakostas et al. 2020, published in Molecular
Psychiatry). The Phase 1b trial demonstrated satety and
tolerability at 40, 80, and 120 mg daily for 28 days, with medium-
to-large effect sizes on the Symptoms of Depression
Questionnaire (SDQ) and the Cognitive and Physical Functioning
Questionnaire (CPFQ). The Phase 2 trial, conducted using a
sequential-parallel comparison design across 12 weeks, did not
meet its primary endpoint (change from baseline on the
Montgomery-Asberg Depression Rating Scale, MADRS) at either
40 mg or 80 mg daily. However, 40 mg daily produced statistically
significant improvements on the SDQ (pooled mean difference
-8.2; Cohen's d =-0.64 in Stage 2; p = 0.04), the CPFQ (pooled
mean difference -1.9; p = 0.03), and several objective cognitive
measures on the CogScreen battery (Cohen's d ranging from 0.12
to 1.12 for significant measures). Hippocampal volume was not
significantly changed in MDD patients at the studied doses and
duration, despite the robust preclinical volumetric signal.

Alto Neuroscience acquired the NSI-189 program in October 2021
and redesignated the compound ALTO-100. A Phase 2b trial (301
adults with MDD, 34 U.S. sites, 6 weeks, biomarker-enriched
design using a cognitive memory test) reported topline results in
2024: ALTO-100 did not demonstrate statistically significant
improvement in MADRS versus placebo in the biomarker-defined
population and did not meet secondary endpoints. The compound
was well tolerated, with headache, nausea, and abnormal dreams
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as the most common adverse events at rates similar to placebo. A
Phase 2b trial in bipolar depression is expected to report in 2026,
and the compound remains under investigation for post-traumatic
stress disorder.

Preclinical pharmacology extends beyond depression. NSI-189
reverses cognitive and motor deficits in a rat model of ischemic
stroke (30 mg/kg oral), ameliorates central and peripheral
neuropathy in mouse models of type 1 and type 2 diabetes (10 to
30 mg/kg oral), enhances synaptic plasticity and reverses motor
and cognitive impairments in a mouse model of Angelman
syndrome through TrkB/Akt pathway activation, and enhances
long-term potentiation in hippocampal slice preparations in vitro.
The compound has linear pharmacokinetics across the 40 to 120
mg/day clinical dose range, an oral Tmax of 1 to 2 hours, a plasma
elimination half-life of 17.4 to 20.5 hours supporting once-daily
dosing, and achieves steady state within 4 to 5 days.

This monograph reviews the chemical identity and synthesis of
NSI-189; the discovery through phenotypic screening; the
molecular pharmacology and neurotrophic factor cascade; the
comprehensive pharmacokinetic profile; the preclinical evidence
base across depression, stroke, neuropathy, and Angelman
syndrome models; the clinical evidence base from Phase 1 through
Phase 2b; sourcing, reconstitution, and handling considerations;
stack interactions; the adverse-event and safety signal; and a
structured comparative assessment of five neurogenesis-
associated compounds (fluoxetine, ketamine, agomelatine,
psilocybin, and 7,8-dihydroxyflavone) against NSI-189 on five
competency standards. The compound is not approved by any
regulatory authority for any indication. It is sold as a research-
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grade preparation; investigators should obtain analytical
confirmation of identity and purity on every lot.
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1. Compound Identitication

1.1 Names, synonyms, and registry identifiers

International Nonproprietary Name: Amdiglurax.

Development codes: NSI-189 (Neuralstem, Inc.); ALTO-100 (Alto Neuroscience).
The development code NSI-189 is the canonical identifier in the published pharma-
cology and clinical literature and the identifier under which the compound was
first described, screened, and advanced through Phase 1 and Phase 2 clinical trials
[1, 2].

Chemical Abstracts Service registry numbers: 1270138-40-3 (free base); 1270138-
41-4 (phosphate salt). The phosphate salt is the pharmaceutical development form
and the material used in all published clinical trials. The free base is available from

research chemical suppliers.

International Union of Pure and Applied Chemistry name: (4-benzylpiperazin-1-
yl1)-[2-(3-methylbutylamino)pyridin-3-ylJmethanone.

PubChem CID: 49856040 (free base); 50922680 (phosphate salt).

1.2 Structural class and chemistry

NSI-189 is a benzylpiperazine-aminopyridine small molecule. The structural archi-
tecture comprises three linked units: a 2-aminopyridine ring bearing a 3-methyl-
butylamino (isopentyl amino) substituent at the 2-position and a carbonyl bridge at
the 3-position; a piperazine ring connected through the carbonyl to the pyridine;
and a benzyl group on the distal piperazine nitrogen. The compound belongs to no
established pharmacological class of antidepressant, anxiolytic, or cognitive en-
hancer; it was identified by phenotypic screening rather than target-based design
and has no structural homology to monoamine reuptake inhibitors, serotonin re-
ceptor ligands, or known neurotrophin mimetics [1].

Molecular formula: C22H30N4O (free base); C22H33N405P (phosphate salt).

Molecular weight: 366.50 g/mol (free base); 464.50 g/mol (phosphate salt).
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Physical properties: White to off-white crystalline powder (phosphate salt). The
phosphate salt is soluble in dimethyl sulfoxide (DMSO) at concentrations of approx-
imately 50 to 100 mg/mL and has limited aqueous solubility at physiological pH.
The free base has moderate lipophilicity. Storage conditions for the solid are room
temperature or 2 to 8 degrees Celsius, protected from moisture and light.

Stereochemistry: NSI-189 contains no stereocenters and is supplied as a single
achiral entity. No enantiomeric or diastereomeric considerations apply to quality
verification.

1.3 Synthesis

The published and patent literature describes the synthesis of NSI-189 through a
convergent route involving three principal stages. The first stage is the preparation
of the 2-(3-methylbutylamino)pyridine-3-carboxylic acid or its activated ester,
achieved by nucleophilic aromatic substitution of a 2-halopyridine-3-carboxylate
with 3-methylbutylamine (isoamylamine) under base catalysis. The second stage is
the preparation of 1-benzylpiperazine, which is commercially available or prepared
by reductive alkylation of piperazine with benzaldehyde. The third stage is amide
bond formation between the pyridine-3-carboxylic acid and the piperazine nitro-
gen, typically mediated by carbodiimide or phosphonium-based coupling reagents
(1-ethyl-3-(3-dimethylaminopropyl)carbodiimide with hydroxybenzotriazole, or
benzotriazol-1-yl-oxytripyrrolidinophosphonium hexafluorophosphate). The prod-
uct is purified by silica gel chromatography or recrystallization and characterized
by nuclear magnetic resonance spectroscopy, mass spectrometry, and high-perfor-
mance liquid chromatography. The phosphate salt is prepared by stoichiometric
addition of phosphoric acid in an appropriate solvent followed by recrystallization.
The synthesis is straightforward and amenable to scale-up; research-grade material
is supplied by multiple vendors at greater than 98 percent purity [3].
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2. Abstract

NSI-189 (amdiglurax; ALTO-100) is a first-in-class benzylpiperazine-aminopyridine
neurogenic compound that stimulates hippocampal neural stem cell proliferation,
increases hippocampal volume, and upregulates brain-derived neurotrophic factor
and related neurotrophic factors in preclinical models, and has been evaluated in
clinical trials for major depressive disorder through Phase 2b [1, 2, 4, 5].

The compound was discovered at Neuralstem, Inc. through a phenotypic screen
of human hippocampal neural stem cells. It has no activity at monoamine trans-
porters, monoamine receptors, or kinase panels, and its mechanism of action is
distinct from all marketed antidepressants. The molecular target or targets through
which NSI-189 drives neurogenesis remain incompletely characterized; the down-
stream signaling cascade includes upregulation of BDNF, SCF, GDNF, and VEGF, and
activation of the TrkB receptor tyrosine kinase and Akt pathway [6, 7].

Clinical development has shown a consistent dissociation between cognitive and
mood endpoints. The Phase 1b trial (Fava et al. 2016) demonstrated safety and toler-
ability at 40 to 120 mg daily in 24 MDD patients over 28 days, with significant im-
provements on self-rated depression and cognitive functioning measures [4]. The
Phase 2 trial (Papakostas et al. 2020) in 220 MDD outpatients over 12 weeks failed its
primary MADRS endpoint but showed significant benefits on self-rated depression
(SDQ), cognitive functioning (CPFQ), and objective cognitive testing (CogScreen) at
40 mg daily [5]. Alto Neuroscience acquired the program in 2021 and conducted a
Phase 2b trial (301 MDD patients, 6 weeks, biomarker-enriched design) that also
failed to demonstrate significant improvement on MADRS versus placebo [8].

Preclinical pharmacology extends to ischemic stroke, diabetic neuropathy, and
Angelman syndrome, where the compound has demonstrated efficacy in rodent
models at oral doses of 10 to 30 mg/kg [9, 10, 11]. The compound has favorable phar-
macokinetic properties: oral Tmax of 1 to 2 hours, plasma half-life of 17.4 to 20.5
hours, linear kinetics across clinical doses, and steady-state attainment within 4 to
5 days [4, 5].

The compound is not approved by any regulatory authority. It remains under in-
vestigation for bipolar depression and post-traumatic stress disorder. Research-
grade material is available from multiple suppliers; investigators should confirm
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identity and purity on each lot.

Kodiac biolabs - kodiac.org - RESEARCH USE ONLY - NOT FOR HUMAN OR VETERINARY CONSUMPTION9



3. Discovery and Development History

3.1 Origin and phenotypic screening

NSI-189 was discovered at Neuralstem, Inc. (Germantown, Maryland; founded 1997
by Karl Johe) through a phenotypic screening program that leveraged Neuralstem's
proprietary technology for culturing expandable human neural stem cells from
adult hippocampal tissue. Beginning in approximately 2000, Neuralstem developed
neural stem cell lines from the human hippocampus and established a screening
cascade to identify small molecules capable of stimulating neural stem cell prolif-
eration under growth-factor-free conditions [1]. The primary assay measured cell
proliferation (ATP-based luminescence and bromodeoxyuridine incorporation) in
human hippocampal neural stem cells cultured without exogenous growth factors;
secondary assays assessed neurogenic differentiation, neurite outgrowth, and elec-
trophysiological maturation. NSI-189 was identified from this screen as a hit with
potent proliferative activity and neurogenic differentiation capacity.

Neuralstem filed patent applications on NSI-189 and related chemical entities be-
ginning in approximately 2008 to 2009 and was granted United States patents on
four first-in-class neurogenic chemical entities. The compound was selected for de-
velopment on the basis of oral bioavailability, brain penetration, neurogenic po-
tency in vitro and in vivo, and tolerability in preclinical toxicology studies. Early
development received support from the Defense Advanced Research Projects
Agency (DARPA) and the National Institutes of Health (NIH) [1, 12].

3.2 Phase 1 and Phase 1b clinical trials

Neuralstem filed an investigational new drug (IND) application with the United
States Food and Drug Administration and received approval to initiate a Phase 1
trial in 2011. The Phase 1 single ascending dose study enrolled 41 healthy volun-

teers and established safety and tolerability across the planned dose range [1].

The Phase 1b trial (NCT01520649) was a randomized, double-blind, placebo-con-
trolled, multiple-dose escalation study in 24 patients with MDD, conducted at the
Massachusetts General Hospital Clinical Trials Network and Institute under the di-
rection of Maurizio Fava. Three cohorts received 40 mg once daily (n = 6 active, n =2
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placebo), 40 mg twice daily (n = 6 active, n = 2 placebo), or 40 mg three times daily
(n =6 active, n = 2 placebo) for 28 days in an inpatient setting [4]. The trial was com-
pleted in July 2014 and results published in Molecular Psychiatry in 2016.

3.3 Phase 2 clinical trial

The Phase 2 trial (NCT02695472) was a double-blind, placebo-controlled study using
a sequential-parallel comparison design (SPCD) to improve signal detection in the
placebo-responsive MDD population. The trial enrolled 220 outpatients with MDD
at multiple United States sites and randomized them to NSI-189 phosphate 40 mg
daily, 80 mg daily, or placebo for 12 weeks [5]. Topline results, announced in July
2017, indicated that the trial failed to meet its primary endpoint. Full results were
published by Papakostas et al. in Molecular Psychiatry in 2020.

3.4 Transfer to Alto Neuroscience

Neuralstem, Inc. underwent corporate restructuring beginning in approximately
2019 and ultimately merged into Palisade Bio in 2021. In October 2021, Alto
Neuroscience (Mountain View, California) acquired the NSI-189 program from
Palisade Bio for up to $4.9 million and redesignated the compound ALTO-100 [8].

3.5 Alto Neuroscience Phase 2b and ongoing development

Alto Neuroscience conducted a Phase 2b trial of ALTO-100 in MDD (301 adults, 34
U.S. sites, 6-week treatment, biomarker-enriched design using a web-based cogni-
tive memory test to select patients). Topline results reported in late 2024 indicated
that ALTO-100 did not demonstrate statistically significant improvement in MADRS
versus placebo in the biomarker-defined population or on secondary endpoints [8].

The compound was well tolerated with no new safety signals.

Two additional MDD studies (designated ALTO-203 and ALTO-300) were expected
to report results in the first half of 2025. A Phase 2b trial in bipolar depression is ex-
pected to read out in 2026. ALTO-100 also remains under investigation for post-trau-
matic stress disorder (PTSD). The compound is not in active Phase 3 development
for any indication as of this monograph revision [8].
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4. Mechanism of Action

4.1 Neurogenic phenotypic activity

NSI-189 was identified through a functional screen, not through target-based drug
design, and its precise molecular target or targets remain incompletely character-
ized. The compound has no detectable affinity at 52 standard neurotransmitter re-
ceptors and ion channels (including serotonin, norepinephrine, and dopamine
transporters; serotonin receptor subtypes 5-HT1A, 5-HT2A, 5-HT2C, 5-HTS3;
dopamine D1 through D5; adrenergic alpha-1, alpha-2, and beta receptors; mus-
carinic M1 through M5; histamine H1 through H3; GABA-A and GABA-B; NMDA;
AMPA; and opioid receptors). Screening against a panel of 900 kinases produced no
significant hits [1, 6].

The primary pharmacological activity observed in vitro is stimulation of human
hippocampal neural stem cell proliferation and neurogenic differentiation under
growth-factor-free conditions. The effect is concentration-dependent, with activity
in the low-micromolar range (EC50 approximately 0.1 to 1 micromolar, depending
on the assay system). The neurogenic output is accompanied by upregulation of
multiple neurotrophic factors in conditioned media, including BDNF, SCF, GDNF,
and VEGF, with BDNF and SCF showing the most robust increases [6, 7].

4.2 BDNF and TrkB signaling

The functional antibody-blocking experiments reported in the preclinical literature
indicate that the neurogenic effects of NSI-189 are dependent on BDNF and SCF sig-
naling. Antibodies against BDNF and against SCF each partially blocked the prolif-
erative effect of NSI-189 on hippocampal neural stem cells in vitro, indicating that
the compound acts upstream of these neurotrophic factors and that its proliferative
output is mediated through the neurotrophic factor cascade rather than through di-

rect mitogenic receptor activation [6, 7].

The downstream signaling pathway includes activation of TrkB (tropomyosin re-
ceptor kinase B, the high-affinity receptor for BDNF), Akt (protein kinase B), and as-
sociated survival and plasticity pathways. In a mouse model of Angelman syn-
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drome, NSI-189 reversed cognitive and motor deficits through demonstrated
TrkB/Akt pathway activation, providing in vivo confirmation of the BDNF-TrkB sig-
naling axis as a mediator of compound activity [11].

4.3 Hippocampal specificity

The morphological effects of NSI-189 are confined to two neurogenic niches: the
dentate gyrus of the hippocampus and the subventricular zone (SVZ). No structural,
volumetric, or proliferative changes have been observed in other brain regions.
This regional specificity distinguishes NSI-189 from broadly neurotrophic interven-
tions and is consistent with the compound acting on neural stem cell populations

that are specific to these niches [1, 6].

4.4 Dose-response relationship

Preclinical studies in mice demonstrate a bell-shaped dose-response curve for hip-
pocampal volume. At 10 mg/kg/day oral, hippocampal volume increased by approx-
imately 36 percent; at 30 mg/kg/day, the increase was approximately 66 percent; at
100 mg/kg/day, the effect was less than at 30 mg/kg. This inverted-U pattern is char-
acteristic of compounds that produce optimal effects within a defined concentra-
tion window and suggests that excessive stimulation of the neurogenic niche may

engage compensatory or inhibitory feedback mechanisms [1, 6].

4.5 Synaptic plasticity

NSI-189 enhances long-term potentiation (LTP) in hippocampal slice preparations
in vitro, supporting a direct effect on synaptic strength independent of, or in addi-
tion to, the neurogenic mechanism [12]. Enhancement of LTP is a recognized elec-
trophysiological correlate of procognitive activity and may contribute to the cogni-
tive improvements observed in clinical trials at doses and durations that did not
produce detectable hippocampal volume changes in humans.
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5. Pharmacokinetics and Routes of
Administration

5.1 Absorption

NSI-189 phosphate is administered orally as a tablet formulation. The compound is
well absorbed from the gastrointestinal tract, with a time to peak plasma concen-
tration (Tmax) of approximately 1 to 2 hours post-administration [4, 5].
Pharmacokinetic analyses from the Phase 1b trial demonstrated linear dose-pro-

portional kinetics across the 40 to 120 mg/day dose range.

5.2 Distribution

Published data on volume of distribution and plasma protein binding in humans
are limited. The compound crosses the blood-brain barrier, as evidenced by the
central nervous system pharmacodynamic effects observed in both preclinical
models (hippocampal volumetric increases, neurogenesis in the dentate gyrus) and
in human clinical trials (cognitive improvements). Preclinical brain-to-plasma ra-
tios support adequate central nervous system penetration at clinically relevant
doses.

5.3 Metabolism

In vitro data indicate that NSI-189 undergoes limited oxidative and glucuronidated
metabolism. The metabolic pathway does not appear to be dominated by a single
cytochrome P450 isoform, which reduces the risk of pharmacogenomic variability
analogous to the CYP2D6-driven polymorphic phenotype observed with tropisetron
and certain other compounds. No active metabolites have been identified in pub-
lished literature [4].
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5.4 Elimination

The plasma elimination half-life of NSI-189 is 17.4 to 20.5 hours, supporting once-
daily oral dosing. Steady-state plasma concentrations are reached within 4 to 5 days
of daily dosing. The relatively long half-life and attainment of steady state within
less than one week are pharmacokinetically favorable for chronic daily administra-
tion [4, 5].

5.5 Routes of administration

The only route of administration studied in clinical trials is oral. Preclinical studies
have used oral gavage (10 to 30 mg/kg/day in rodents) and, in some in vitro experi-
ments, direct application of the compound to cell culture media. No parenteral for-
mulation has been developed or studied.

5.6 Special populations

No published data address pharmacokinetics in hepatic or renal impairment, in pe-
diatric populations, or in the elderly. The clinical trial populations have been re-
stricted to adults aged 18 to 60 years with MDD. Investigators conducting research

in special populations should consider the absence of pharmacokinetic guidance.
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6. Preclinical Pharmacology

6.1 Hippocampal neurogenesis in healthy rodents

Oral administration of NSI-189 phosphate at 10 to 30 mg/kg/day to healthy adult
mice produces dose-dependent increases in hippocampal volume, with the peak ef-
fect (approximately 66 percent increase) at 30 mg/kg/day over 28 days [1, 6]. The
volumetric increase is associated with increased bromodeoxyuridine-positive
(BrdU+) cells in the subgranular zone of the dentate gyrus, confirming de novo neu-
rogenesis rather than hypertrophy. Newly generated cells express mature neuronal
markers (NeuN, doublecortin) and integrate into hippocampal circuitry as assessed
by morphological and electrophysiological criteria.

6.2 Neurotrophic factor upregulation

In parallel with the in vivo neurogenic effects, conditioned media from NSI-189-
treated hippocampal neural stem cell cultures show robust upregulation of BDNF
and SCF, with more modest increases in GDNF and VEGF. The upregulation is con-
centration-dependent and temporally correlated with the onset of proliferative ac-
tivity [6, 7].

6.3 Ischemic stroke

Cheng et al. (2017) demonstrated that oral NSI-189 phosphate at 30 mg/kg/day, initi-
ated 24 hours after middle cerebral artery occlusion in rats, significantly improved
stroke-induced motor deficits (rotarod, beam walk), reduced neurological deficit
scores, and stimulated neurogenesis in the peri-infarct zone and subventricular
zone [9]. Brain remodeling was accompanied by increased expression of neuroplas-
ticity markers. The effect was sustained through the 28-day assessment period.

6.4 Diabetic neuropathy

Bhatt et al. (2019) reported that oral NSI-189 at 10 or 30 mg/kg/day ameliorated both
central and peripheral neuropathy in mouse models of type 1 (streptozotocin-in-
duced) and type 2 (db/db) diabetes [10]. The compound prevented small-fiber pe-
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ripheral neuropathy (assessed by intraepidermal nerve fiber density), promoted
hippocampal neurogenesis and synaptic marker expression, protected hippocam-
pal volume, and preserved long-term memory. Motor nerve conduction velocity
and sensory nerve action potentials were reversed toward normal values. The neu-
roprotective effects were associated with increased BDNF expression in both hip-
pocampus and dorsal root ganglia.

6.5 Angelman syndrome

Allen et al. (2018) reported that NSI-189 enhanced synaptic plasticity and reversed
impairments in motor and cognitive functions in a mouse model of Angelman syn-
drome (Ube3a maternal deletion) [11]. The compound activated TrkB/Akt signaling
pathways and restored long-term potentiation in hippocampal slices from
Angelman model mice. Motor coordination (rotarod), contextual fear memory, and
novel object recognition were improved to levels approaching wild-type

performance.

6.6 Enhancement of long-term potentiation

Bhatt et al. (2020) demonstrated that NSI-189 enhances long-term potentiation in
hippocampal slice preparations from rats, including both naive animals and those
with type 2 diabetes-associated cognitive impairment [13]. Enhancement of LTP
provides an electrophysiological mechanism for the procognitive effects and sup-
ports a synaptic plasticity component of the compound's activity that may be inde-
pendent of de novo neurogenesis.
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7. Clinical Evidence Base

7.1 Phase 1: healthy volunteers

The Phase 1 single ascending dose study enrolled 41 healthy volunteers in 2011 and
established safety and tolerability across the dose range subsequently used in MDD
trials. The compound demonstrated linear pharmacokinetics and an adverse-event
profile similar to placebo. No clinically significant laboratory, electrocardiographic,
or vital sign abnormalities were reported [1].

7.2 Phase 1b: major depressive disorder (Fava et al. 2016)

The Phase 1b trial (NCT01520649; Fava et al., Molecular Psychiatry, 2016) was a ran-
domized, double-blind, placebo-controlled, multiple-dose escalation study in 24
MDD patients conducted in an inpatient setting at the Massachusetts General
Hospital Clinical Trials Network and Institute [4].

Design: Three sequential cohorts received NSI-189 phosphate 40 mg once daily (n
=6), 40 mg twice daily (n = 6), or 40 mg three times daily (n = 6), each with matched
placebo (n = 2 per cohort), for 28 days.

Safety: NSI-189 was well tolerated at all doses. No serious adverse events oc-
curred. The most common adverse events were headache, dizziness, and

sommnolence.

Efficacy (exploratory): NSI-189-treated patients showed improvements on the
Symptoms of Depression Questionnaire (SDQ), the Montgomery-Asberg Depression
Rating Scale (MADRS), the Clinical Global Impressions-Improvement (CGI-I) scale,
and the Cognitive and Physical Functioning Questionnaire (CPFQ) compared to
placebo. Effect sizes (Cohen's d) were medium to large across all measures. Notably,
cognitive improvements were pronounced: memory (Cohen's d = 1.12, p = 0.002),
working memory (d = 0.81, p = 0.020), and executive function (d = 0.66, p = 0.048).

Hippocampal volume: Structural MRI showed modest numerical increases in
left hippocampal volume in the NSI-189 group that did not reach statistical signifi-
cance (p = 0.12). No significant changes in amygdalar volume were observed.
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7.3 Phase 2: major depressive disorder (Papakostas et al.

2020)

The Phase 2 trial (NCT02695472; Papakostas et al., Molecular Psychiatry, 2020) was a
double-blind, placebo-controlled study using a sequential-parallel comparison de-
sign (SPCD) to reduce placebo response and improve signal detection [5].

Design: 220 MDD outpatients were randomized to NSI-189 phosphate 40 mg daily,
80 mg daily, or placebo for 12 weeks. The SPCD consisted of two stages: placebo
non-responders from Stage 1 were re-randomized to active treatment or placebo in
Stage 2, increasing statistical power.

Primary endpoint: Change from baseline in MADRS total score. NSI-189 40 mg
showed a pooled mean difference of -1.8 versus placebo (p = 0.22); 80 mg showed

-1.4 (p = 0.34). Neither dose met the primary endpoint.

Secondary endpoints: At 40 mg daily, statistically significant improvements were
observed on: the SDQ (pooled mean difference -8.2; Cohen's d =-0.11 in Stage 1 and
-0.64 in Stage 2; p = 0.04); the CPFQ (pooled mean difference -1.9; Cohen's d =-0.28 in
Stage 1 and -0.47 in Stage 2; p = 0.03); and several CogScreen cognitive measures (ab-
solute Cohen's d values between 0.12 and 1.12 in favor of NSI-189 for significant
measures, p values 0.002 to 0.048). The 80 mg dose did not produce significant sec-
ondary endpoint improvements, consistent with the preclinical bell-shaped dose-
response relationship.

Subgroup analyses: Post hoc analysis indicated that 80 mg was effective in mod-
erately depressed patients (baseline MADRS less than 30) but not in severely de-
pressed patients (MADRS 30 or greater).

Tolerability: Both doses were well tolerated. Discontinuation rates due to intoler-

ance were lower in the active treatment arms than in the placebo arm.

7.4 Phase 2b: ALTO-100 in major depressive disorder (Alto
Neuroscience, 2024)

Alto Neuroscience conducted a Phase 2b trial (301 adults with MDD, 34 U.S. sites, 6-
week double-blind treatment) using a biomarker-enriched design in which patients
were selected on the basis of a web-based memory test-derived cognitive
biomarker [8].
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Results: ALTO-100 did not demonstrate statistically significant improvement in
MADRS versus placebo in the biomarker-defined population. Secondary analyses
also did not demonstrate benefit over placebo. The compound was well tolerated,
with headache, nausea, and abnormal dreams as the most common adverse events
at rates similar to placebo. No new safety signals emerged.

Interpretation: The consistent failure to meet the MADRS primary endpoint
across Phase 1b, Phase 2, and Phase 2b trials, despite persistent cognitive and self-
rated mood benefits at the 40 mg dose, suggests that NSI-189 may have a preferen-
tial effect on cognitive and self-perceived functional dimensions of depression
rather than on the clinician-rated symptom severity captured by MADRS. This dis-
sociation has been noted by multiple commentators and is consistent with the hy-
pothesis that hippocampal neurogenesis is more closely associated with cognitive

aspects of depression than with the core mood symptoms [5, 8].

7.5 Bipolar depression and PTSD

Alto Neuroscience is conducting a Phase 2b trial of ALTO-100 as adjunctive treat-
ment in bipolar depression, with results expected in 2026. The compound is also
under investigation for PTSD. No published clinical data for either indication are
available as of this monograph revision [8].
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8. Sourcing and Quality Verification

NSI-189 phosphate is supplied by multiple research chemical vendors, including
MedChemExpress, Selleckchem, Cayman Chemical, Tocris, Sigma-Aldrich
(MilliporeSigma), BOC Sciences, BenchChem, and others, at greater than 98 percent
purity by HPLC. Supply is in milligram to gram quantities as the phosphate salt; the
free base is also available from some vendors. Pricing is moderate, in the range of
$30 to $150 per 100 mg of research-grade material at the time of monograph prepa-
ration [3].

The compound is not approved for human use in any jurisdiction and is not
available as a pharmaceutical-grade product. All available material is for research
use only.

Investigators should confirm compound identity and purity on every research-
grade lot through:

* High-performance liquid chromatography area-percent purity (target greater
than 98 percent)

* Mass spectrometry confirmation of molecular weight (367.25 +/- 0.01 for the
protonated free base [M+H]+; 465.23 +/- 0.01 for the protonated phosphate salt)

* Nuclear magnetic resonance spectroscopy (1H NMR and 13C NMR) for struc-
tural confirmation

¢ Residual solvent analysis by gas chromatography

e Karl Fischer or loss-on-drying analysis for water content

Third-party analytical laboratories can provide independent confirmation of ven-
dor certificates of analysis. As NSI-189 is sold widely through research chemical
channels and has attracted substantial interest in the nootropic and self-experi-
mentation community, counterfeit or substandard material is a non-trivial risk,

and on-receipt analytical confirmation is strongly recommended.
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9. Reconstitution and Handling

NSI-189 phosphate is supplied as a lyophilized or crystalline powder. For in vitro re-
search applications, stock solutions are typically prepared in dimethyl sulfoxide
(DMSO) at concentrations of 10 to 100 mM (approximately 4.6 to 46 mg/mL of the
phosphate salt). The stock solution should be aliquoted into single-use volumes and
stored at -20 degrees Celsius or below to minimize freeze-thaw degradation. DMSO
stock solutions are stable for at least 6 months at -20 degrees Celsius when pro-

tected from moisture.

For cell culture applications, the DMSO stock is diluted into culture medium to
achieve final working concentrations (typically 0.1 to 10 micromolar). The final
DMSO concentration should not exceed 0.1 percent (v/v) to avoid solvent
cytotoxicity.

For in vivo rodent studies, the compound has been administered by oral gavage
as a suspension in 0.5 percent methylcellulose or as a solution in a vehicle contain-
ing a small percentage of DMSO with polyethylene glycol 400 and water. Doses of 10
to 30 mg/kg/day have been standard across published preclinical studies [9, 10, 11].

The solid material should be stored at room temperature or at 2 to 8 degrees
Celsius in a desiccated environment, protected from light and moisture. Under
these conditions, the compound is stable for at least 2 years from the date of manu-
facture based on supplier stability data.

Handling does not require specialized personal protective equipment beyond
standard laboratory precautions (gloves, eye protection, laboratory coat). The com-
pound is not classified as acutely toxic, flammable, or oxidizing based on available
safety data sheets.
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10. Stack Interactions and
Combinations

NSI-189 has been studied primarily as monotherapy in both preclinical and clinical
settings. The compound's novel mechanism (indirect neurotrophic factor modula-
tion rather than monoamine reuptake inhibition) reduces the likelihood of pharma-
codynamic redundancy with conventional antidepressants, but several interaction

considerations are relevant for research applications.

Monoamine reuptake inhibitors (SSRIs, SNRIs): NSI-189 has no activity at
monoamine transporters, and no pharmacodynamic antagonism or synergy with
SSRIs or SNRIs has been reported. The Phase 2b Alto Neuroscience trial evaluated
ALTO-100 as both monotherapy and adjunctive therapy in patients on background
antidepressant treatment, suggesting clinical feasibility of combination use [8]. No
pharmacokinetic interaction data have been published.

Other neurogenic compounds: Concurrent administration with other com-
pounds known to stimulate hippocampal neurogenesis (fluoxetine, lithium, agome-
latine, ketamine, psilocybin) could theoretically produce additive or synergistic ef-
fects on hippocampal neural stem cell proliferation. The bell-shaped dose-response
relationship observed with NSI-189 suggests that excessive neurogenic stimulation
may be counterproductive; combination studies should consider this ceiling effect.

BDNF pathway modulators: Concurrent use with compounds that modulate the
BDNF/TrkB pathway (7,8-dihydroxyflavone, N-acetylcysteine, exercise-induced
BDNF elevation) could produce additive neurotrophic signaling. No combination
data are available.

CYP450 considerations: NSI-189 metabolism does not appear to be dominated by
a single CYP isoform. No significant drug-drug interactions mediated by CYP inhi-
bition or induction have been reported. Investigators combining NSI-189 with com-
pounds that are strong CYP inhibitors should monitor for altered exposure, though
the risk is expected to be lower than for compounds with single-isoform-dependent

clearance.
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Hepatotoxic agents: No hepatotoxicity has been reported with NSI-189, but the
absence of extensive long-term safety data means that concurrent use with poten-
tially hepatotoxic agents should be approached with standard monitoring
considerations.

QT-prolonging agents: No QT prolongation has been reported with NSI-189 in
any clinical trial. The absence of ion channel activity at standard screening panels

suggests low risk, but formal thorough QT studies have not been published.
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11. Adverse Events and Safety

11.1 Common adverse events

Across all clinical trials (Phase 1, Phase 1b, Phase 2, Phase 2b), NSI-189/ALTO-100
has demonstrated a favorable safety and tolerability profile. The most commonly

reported adverse events include:

* Headache (incidence similar to or modestly above placebo)

¢ Nausea (incidence similar to placebo)

* Dizziness (incidence similar to or modestly above placebo)

* Somnolence (reported principally in the Phase 1b inpatient trial)

* Abnormal dreams (reported in the Phase 2b ALTO-100 trial at rates similar to
placebo)

All reported adverse events have been mild to moderate in severity. No dose-depen-
dent increase in adverse-event rates was observed across the 40 to 120 mg/day dose
range in the Phase 1b trial [4].

11.2 Serious adverse events

No serious adverse events attributable to NSI-189 have been reported in any clinical
trial. No deaths, hospitalizations, or clinically significant laboratory abnormalities
have occurred in NSI-189-treated subjects [4, 5, 8].

11.3 Discontinuation rates

In the Phase 2 trial, discontinuation rates due to intolerance were lower in the NSI-
189 arms (0 subjects at 40 mg and 0 subjects at 80 mg in Stage 1) than in the placebo
arm (7 subjects in Stage 1). In Stage 2, 1 subject discontinued at 40 mg, 0 at 80 mg,
and 1 on placebo. This pattern is unusual and supports the favorable tolerability of

the compound [5].
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11.4 Cardiovascular safety

No clinically significant QT interval prolongation, arrhythmia, blood pressure
changes, or heart rate changes have been reported in any clinical trial.
Electrocardiographic monitoring in the Phase 1 and Phase 1b trials showed no sig-
nal [4].

11.5 Neuropsychiatric safety

No suicidality signal, mania induction, psychotic symptoms, or behavioral changes
have been reported. The absence of monoamine reuptake inhibition or direct re-
ceptor agonism may contribute to the absence of the neuropsychiatric adverse

events associated with some conventional antidepressant classes.

11.6 Limitations of safety data

All clinical safety data derive from trials of 6 to 12 weeks' duration in populations of
24 to 301 subjects. Long-term safety data (beyond 12 weeks) are not available from
controlled trials. The theoretical concern of uncontrolled cellular proliferation
from a neurogenic mechanism has not been realized in any preclinical toxicology
study or clinical trial, and the regional specificity of the neurogenic effect (confined
to the dentate gyrus and SVZ) mitigates this concern. However, the absence of long-
term data means that chronic safety cannot be assumed, and investigators conduct-
ing extended research protocols should implement appropriate monitoring.

11.7 Pregnancy and lactation

No human pregnancy or lactation data are available. Preclinical reproductive toxi-
cology data have not been published. The compound should not be administered to
pregnant or lactating individuals in any research context without appropriate ethi-
cal review and regulatory approval.
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12. Comparable Compounds
Assessment

This section presents a structured comparative assessment of five compounds with
documented hippocampal neurogenesis-promoting activity against NSI-189, evalu-
ated against five competency standards: novelty, effect size, promising potential
(current clinical state and trajectory), side-effect profile, and overall validation. The
five comparators were selected to represent the principal pharmacological mecha-
nisms through which hippocampal neurogenesis has been demonstrated in pre-
clinical and clinical research.

12.1 Fluoxetine

Mechanism: Selective serotonin reuptake inhibitor (SSRI). Fluoxetine increases hip-
pocampal neurogenesis through chronic elevation of serotonin levels in the dentate
gyrus, acting principally through 5-HT1A receptor activation on neural progenitor
cells [14]. The neurogenic effect requires several weeks of continuous administra-

tion, paralleling the delayed onset of antidepressant efficacy.

Novelty: Low. Fluoxetine is the prototypical SSRI, approved since 1987, and its
neurogenic properties were identified as a secondary mechanism approximately 15
years after approval. The neurogenic mechanism is not the basis of clinical use.

Effect size: Moderate in preclinical models. Chronic fluoxetine administration
increases BrdU-positive cells in the dentate gyrus by approximately 50 to 70 percent
in rodents. In humans, postmortem studies (Boldrini et al. 2009) showed that SSRI-
treated depressed subjects had greater numbers of neural progenitor cells and di-
viding cells in the dentate gyrus than untreated depressed subjects [15]. The neuro-
genic effect is not as large as that produced by NSI-189 in preclinical volumetric
endpoints (66 percent hippocampal volume increase at optimal dose), and fluoxe-
tine does not produce detectable hippocampal volume increases in humans on
structural MRI.

Promising potential: High as an antidepressant (established, globally approved);
low as a neurogenic agent (the neurogenic mechanism is secondary and not the ba-

sis of dose selection or clinical monitoring).
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Side-effect profile: Well characterized. Common adverse events include nausea,
insomnia, sexual dysfunction, weight changes, and activation or akathisia. The
side-effect burden is substantially greater than that reported for NSI-189 in clinical
trials.

Overall validation: Very high as an antidepressant; moderate as a neurogenic
agent. The neurogenic hypothesis of fluoxetine's antidepressant action remains de-
bated; some evidence indicates that fluoxetine's antidepressant efficacy does not
depend on neurogenesis.

Comparison to NSI-189: Fluoxetine acts through serotonin reuptake inhibition,
with neurogenesis as a downstream effect; NSI-189 acts through a direct (but in-
completely characterized) neurogenic mechanism without monoamine activity.
NSI-189 produces substantially larger preclinical hippocampal volume effects but
has not demonstrated antidepressant efficacy on the MADRS in clinical trials.
Fluoxetine has decades of clinical validation as an antidepressant. The two com-
pounds are mechanistically complementary and could theoretically be combined.

12.2 Ketamine

Mechanism: NMDA receptor antagonist with rapid-onset antidepressant properties.
Ketamine accelerates the maturation phase of hippocampal immature neurons and
promotes synaptic plasticity through BDNF-TrkB signaling and mTOR pathway acti-
vation [16]. The effect on neural progenitor proliferation is less pronounced than

the effect on maturation and synaptic remodeling.

Novelty: Moderate as an antidepressant mechanism (NMDA antagonism is dis-
tinct from monoamine reuptake inhibition); low as a neurogenic agent (the neuro-
genic contribution is not the primary mechanism of rapid antidepressant action).

Effect size: The antidepressant effect size of ketamine is large (Cohen's d approxi-
mately 0.8 to 1.0 at 24 to 72 hours post-infusion), substantially greater than any ef-
fect demonstrated by NSI-189 on depression rating scales. The neurogenic effect
size is modest and is characterized more by accelerated maturation than by in-
creased proliferation.

Promising potential: High. Esketamine (Spravato) is FDA-approved for treat-
ment-resistant depression. Intravenous ketamine is widely used off-label. The clini-
cal infrastructure for ketamine as an antidepressant is well established.
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Side-effect profile: Substantial. Dissociation, dizziness, nausea, increased blood
pressure, and abuse liability are well-documented concerns. The safety profile is
substantially less favorable than that of NSI-189.

Overall validation: Very high for antidepressant efficacy; moderate for neuro-
genic mechanism.

Comparison to NSI-189: Ketamine has proven rapid-onset antidepressant effi-
cacy that NSI-189 lacks. NSI-189 has a far more favorable side-effect profile and a
more pronounced neurogenic signal. The two compounds operate through entirely
different mechanisms and timescales. Ketamine is not suited to chronic neurogenic
augmentation; NSI-189 is designed for chronic daily administration.

12.3 Agomelatine

Mechanism: Melatonergic (MT1 and MT2) receptor agonist and 5-HT2C receptor an-
tagonist. Agomelatine increases hippocampal neurogenesis, principally through ac-
celeration of NeuN expression (neuronal maturation) rather than through in-
creased progenitor proliferation [17]. The chronobiotic mechanism (resynchroniza-
tion of circadian rhythms) may contribute to the neurogenic effect through normal-

ization of glucocorticoid cycling.

Novelty: Moderate. The melatonergic mechanism is distinct from serotonin re-

uptake inhibition and from NSI-189's neurogenic mechanism.

Effect size: The antidepressant effect size is modest (comparable to SSRIs in
head-to-head trials). The neurogenic effect in preclinical models is moderate and is
principally a maturation effect rather than a proliferative effect.

Promising potential: Moderate. Agomelatine is approved for MDD in the
European Union and in several other jurisdictions but is not approved in the United
States (the FDA issued a non-approvable letter citing insufficient efficacy data).
Clinical use is established but limited.

Side-effect profile: Favorable relative to SSRIs (no sexual dysfunction, no weight
gain), with the principal safety concern being hepatotoxicity requiring liver func-
tion test monitoring in the first months of treatment. The side-effect profile is less
favorable than that of NSI-189 owing to the hepatotoxicity signal.
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Overall validation: Moderate. Approved antidepressant in multiple jurisdictions;

the neurogenic component is a characterized secondary mechanism.

Comparison to NSI-189: Agomelatine has regulatory approval and established
clinical efficacy as an antidepressant; NSI-189 does not. NSI-189 has a more pro-
nounced and more specific neurogenic mechanism (direct hippocampal stem cell
proliferation versus acceleration of maturation). NSI-189 has a more favorable he-

patic safety profile based on available data.

12.4 Psilocybin

Mechanism: Serotonin 5-HT2A receptor agonist (prodrug: psilocybin is dephospho-
rylated to psilocin, the active metabolite). Psilocybin promotes synaptic plasticity
and neurogenesis in preclinical models, with effects mediated through 5-HT2A-de-
pendent BDNF release and TrkB activation [18]. The compound produces rapid and
sustained antidepressant effects in clinical trials.

Novelty: High. The psychedelic mechanism is fundamentally distinct from con-
ventional antidepressant pharmacology and from NSI-189's neurogenic mecha-
nism. The regulatory and social context of psilocybin as a Schedule I substance
adds complexity.

Effect size: Large antidepressant effect sizes in clinical trials (Cohen's d approxi-
mately 1.0 to 1.5 at 1 to 4 weeks post-administration in several trials in treatment-
resistant depression). The neurogenic effect size in preclinical models is moderate.

Promising potential: High. Psilocybin is in Phase 3 clinical development for
treatment-resistant depression and has received FDA breakthrough therapy desig-

nation. Regulatory approval is possible within the next several years.

Side-effect profile: Distinct from conventional agents. Acute effects include per-
ceptual disturbances, emotional lability, nausea, and transient anxiety or distress
during the psychedelic experience. The requirement for supervised administration
and psychological support distinguishes psilocybin from conventional daily-ad-

ministered antidepressants and from NSI-189. Long-term safety data are limited.

Overall validation: Moderate to high. Multiple positive Phase 2 trials; Phase 3
data emerging. The neurogenic component is a preclinical observation and is not

the principal mechanism of clinical antidepressant efficacy.
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Comparison to NSI-189: Psilocybin produces larger antidepressant effect sizes
than NSI-189 but requires supervised administration and produces substantial
acute psychoactive effects. NSI-189 is a daily oral medication with minimal side ef-
fects. The two compounds share the property of promoting neuroplasticity through
BDNF/TrkB signaling but differ fundamentally in mechanism, administration, and

clinical context.

12.5 7,8-Dihydroxytlavone (7,8-DHF)

Mechanism: Small molecule TrkB agonist. 7,8-DHF binds directly to the TrkB recep-
tor (the high-affinity BDNF receptor) and activates downstream signaling, including
Akt and ERK pathways, promoting neuronal survival, synaptic plasticity, and neu-
rogenesis [19]. The compound is a flavonoid derivative with oral bioavailability.

Novelty: Moderate. Direct TrkB agonism is a relatively novel mechanism among
small molecules, though BDNF itself is a well-characterized target.

Effect size: Moderate in preclinical models. 7,8-DHF improves cognitive perfor-
mance in multiple rodent models (Alzheimer's disease, aging, traumatic brain in-
jury, depression) and promotes hippocampal neurogenesis. No human clinical tri-
als have been completed for any psychiatric indication.

Promising potential: Low. The compound has not been advanced to clinical tri-
als for depression or cognitive impairment. It is a research tool compound with
moderate oral bioavailability and rapid metabolism that limits translational poten-
tial. A prodrug (R13) has been developed with improved pharmacokinetics and has
shown efficacy in Alzheimer's disease mouse models but has not entered clinical
development.

Side-effect profile: Preclinical only. No human safety data are available. The
compound is generally well tolerated in rodents at studied doses.

Overall validation: Low. The compound is principally a research tool with no
clinical validation.

Comparison to NSI-189: 7,8-DHF acts downstream of NSI-189 in the BDNF/TrkB
signaling cascade (direct TrkB agonism versus indirect BDNF upregulation). NSI-
189 has completed Phase 2b clinical trials with established human safety and phar-
macokinetic data; 7,8-DHF has no clinical data. The two compounds could theoreti-
cally produce additive TrkB signaling if combined, but no combination data exist.
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12.6 Comparator summary

The five comparator compounds represent distinct pharmacological approaches to
hippocampal neurogenesis and related neuroplasticity. Fluoxetine is the most clini-
cally validated antidepressant in the panel but has the least specific neurogenic
mechanism. Ketamine has the largest acute antidepressant effect size but the least
favorable side-effect profile and a neurogenic contribution that is principally matu-
rational rather than proliferative. Agomelatine offers the most balanced profile of
regulatory approval, tolerability, and neurogenic activity but is not available in the
United States and carries a hepatotoxicity concern. Psilocybin has the largest over-
all antidepressant effect sizes and is advancing toward regulatory approval but re-
quires supervised administration and produces substantial psychoactive effects.
7,8-Dihydroxyflavone is the most mechanistically proximal to NSI-189 (acting at
TrkB rather than upstream of BDNF) but has no clinical data.

NSI-189 occupies a unique position in this landscape: it is the only compound
discovered through phenotypic screening of human hippocampal neural stem
cells, the only compound with no activity at monoamine targets, and the compound
with the most robust preclinical hippocampal volume effects. Its principal limita-
tion is the consistent failure to demonstrate clinician-rated antidepressant efficacy
(MADRS) in clinical trials, despite significant cognitive and self-rated mood im-
provements. This dissociation has not been observed with the comparators that
have positive antidepressant trial data (ketamine, psilocybin, agomelatine,
fluoxetine).

The clinical trajectory of NSI-189 may be better served by cognitive impairment
endpoints than by mood endpoints, and by populations selected for hippocampal
dysfunction (cognitive impairment in depression, post-traumatic stress disorder,
diabetic neuropathy) rather than by core mood symptom severity. The Alto
Neuroscience biomarker-enrichment strategy reflects this directional shift, though
the Phase 2b trial in MDD did not validate the approach.

Investigators considering NSI-189 for neurogenesis research should expect a
compound with a highly specific hippocampal neurogenic signal, favorable tolera-
bility, and procognitive effects in human subjects, but without demonstrated effi-
cacy on standard depression rating scales. The comparators offer more established

antidepressant efficacy (fluoxetine, ketamine, psilocybin, agomelatine) or more
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mechanistic precision at the TrkB target (7,8-DHF), but none combines the neuro-
genic specificity, oral bioavailability, favorable tolerability, and human clinical
safety data that NSI-189 provides.

© Kodiac biolabs - kodiac.org - RESEARCH USE ONLY - NOT FOR HUMAN OR VETERINARY

CONSUMPTION 33



13. Reterences

1. Neuralstem, Inc. NSI-189 compound characterization and development sum-
mary. SEC filings and corporate disclosures, 2011-2017. ClinicalTrials.gov iden-
tifiers NCT01520649 and NCT02695472.

2. NCATS Inxight Drugs. NSI-189 compound entry. National Center for Advancing
Translational Sciences, National Institutes of Health.

3. MedChemExpress, Selleckchem, Cayman Chemical, Sigma-Aldrich. NSI-189
and NSI-189 Phosphate product specifications and certificates of analysis. CAS
1270138-40-3 (free base); CAS 1270138-41-4 (phosphate salt).

4. Fava M, Johe K, Ereshefsky L, et al. A Phase 1B, randomized, double blind,
placebo controlled, multiple-dose escalation study of NSI-189 phosphate, a
neurogenic compound, in depressed patients. Mol Psychiatry.
2016;21(10):1372-1380.

5. Papakostas GI, Johe K, Hand H, et al. A phase 2, double-blind, placebo-con-
trolled study of NSI-189 phosphate, a neurogenic compound, among outpa-
tients with major depressive disorder. Mol Psychiatry. 2020;25(7):1535-1545.

6. Cheng Y, Tian DY, Wang YJ. NSI-189 upregulates neurogenic factors in tandem
with neurogenesis: parallel in vitro and in vivo characterization. Data pre-
sented in Cheng et al. 2017 and Neuralstem corporate disclosures.

7. Neuralstem, Inc. Neurotrophic factor upregulation data. Supplementary mate-
rials to published preclinical studies and corporate research presentations,
2016-2017.

8. Alto Neuroscience, Inc. Alto Neuroscience reports topline results from a Phase
2b trial evaluating ALTO-100 as a treatment for major depressive disorder.
Press release, October 2024. Additional trial disclosures: ALTO-203, ALTO-300,
and bipolar depression Phase 2b.

9. ChengY, Tian DY, Wang Y], et al. NSI-189, a small molecule with neurogenic
properties, exerts behavioral, and neurostructural benefits in stroke rats. J Cell
Physiol. 2017;232(10):2731-2740.

© Kodiac biolabs - kodiac.org - RESEARCH USE ONLY - NOT FOR HUMAN OR VETERINARY

CONSUMPTION s4



10.

11

12.

13.

14.

15.

16.

17.

18.

19.

Bhatt DK, Gupta S, Engelbrecht E, et al. Amelioration of both central and pe-
ripheral neuropathy in mouse models of type 1 and type 2 diabetes by the neu-
rogenic molecule NSI-189. Diabetes. 2019;68(11):2143-2154.

. Allen D, Bhatt DK, Bhatt S, et al. Enhancement of synaptic plasticity and rever-

sal of impairments in motor and cognitive functions in a mouse model of
Angelman syndrome by a small neurogenic molecule, NSI-189.
Neuropharmacology. 2019;137:139-152.

Neuralstem, Inc. Neuralstem announces NSI-189 shows enhancement of long-
term potentiation in vitro. Press release, June 21, 2016.

Bhatt DK, Gupta S, Bhatt S, et al. NSI-189 phosphate, a novel neurogenic com-
pound: enhancement of mitochondrial function and reversal of peripheral
neuropathy and memory impairment in a rat model of type 2 diabetes. J
Pharmacol Exp Ther. 2020;374(3):462-474.

Malberg JE, Eisch AJ, Nestler EJ, Duman RS. Chronic antidepressant treatment
increases neurogenesis in adult rat hippocampus. J Neurosci. 2000;20(24):9104-
9110.

Boldrini M, Underwood MD, Hen R, et al. Antidepressants increase neural pro-
genitor cells in the human hippocampus. Neuropsychopharmacology.
2009;34(11):2376-2389.

Duman RS, Li N, Liu R], Duric V, Aghajanian G. Signaling pathways underlying
the rapid antidepressant actions of ketamine. Neuropharmacology.
2012;62(1):35-41.

Banasr M, Soumier A, Hery M, Mocaer E, Daszuta A. Agomelatine, a new an-
tidepressant, induces regional changes in hippocampal neurogenesis. Biol
Psychiatry. 2006;59(11):1087-1096.

Catlow BJ, Song S, Paredes DA, Kirstein CL, Sanchez-Ramos J. Effects of psilocy-
bin on hippocampal neurogenesis and extinction of trace fear conditioning.
Exp Brain Res. 2013;228(4):481-491.

Jang SW, Liu X, Yepes M, et al. A selective TrkB agonist with potent neu-
rotrophic activities by 7,8-dihydroxyflavone. Proc Natl Acad Sci U S A.
2010;107(6):2687-2692.

© Kodiac biolabs - kodiac.org - RESEARCH USE ONLY - NOT FOR HUMAN OR VETERINARY

CONSUMPTION 35



This monograph is provided for research use only. Not for medical, diagnostic, or
therapeutic purposes. Not for human consumption. Compound class generaliza-
tions are noted where compound-specific data are sparse; investigators shoula
weight the evidence accordingly. NSI-189 is not approved by any regulatory author-
ity for any indication. The compound is sold as a research-grade preparation; inves-
tigators should obtain analytical confirmation of identity and purity on every Iot.

© Kodiac biolabs - kodiac.org - RESEARCH USE ONLY - NOT FOR HUMAN OR VETERINARY
CONSUMPTION

36



