TAK-653 (Osavampator): A Comprehensive
Scientific Review of a Novel AMPA Receptor
Potentiator

1. Expanded Background: Pharmacological Targets, Signaling
Pathways, and Systems Biology Context

Understanding the therapeutic and enhancement potential of AMPA receptor modulation requires a rigorous
reconstruction of the underlying systems biology. This section details the physiological machinery of
glutamatergic signaling, independent of any specific investigational compound. It establishes the "biological
terrain" upon which positive allosteric modulators (PAMs) operate.

1.1 Target-Centric Biology: The AMPA Receptor Complex

The a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor (AMPAR) is the primary mediator of fast
excitatory synaptic transmission in the mammalian central nervous system (CNS). Unlike NMDA receptors,
which function as coincidence detectors requiring depolarization to relieve a magnesium block, AMPARs
respond instantaneously to glutamate release, driving the depolarization necessary for cellular
communication.*

e Structural Composition: Native AMPARs are tetrameric assemblies of four subunits (GluA1-GluA4,
encoded by GRIA1-4 genes). The specific subunit composition dictates the receptor's biophysical
properties and trafficking rules. In the adult hippocampus and cortex, the dominant configurations are
heteromers of GluA1/GluA2 and GluA2/GluA3.*

e The GluA2 "Q/R" Switch: The GIuA2 subunit is physiologically critical. RNA editing at the Q/R site
(glutamine to arginine) renders GluA2-containing receptors impermeable to calcium (Ca?*). Since nearly
all excitatory neurons in the adult CNS express edited GluA2, most synaptic AMPARs are Ca?*-
impermeable, conducting primarily Na* and K*.! However, specific populations of interneurons (e.g.,
parvalbumin-positive fast-spiking cells) and glia often lack GIuA2, possessing "calcium-permeable
AMPARSs" (CP-AMPARs) that allow rapid Ca?* signaling.?

® Gating Kinetics: AMPARs exhibit rapid kinetics characterized by three states:

1. Resting (Closed): Ligand-free.

2. Open (Conducting): Glutamate-bound, allowing ion flux.

3. Desensitized (Closed): Glutamate-bound but non-conducting. Under physiological conditions, the
receptor transitions to the desensitized state within milliseconds of activation. This rapid
desensitization prevents excitotoxicity and ensures signal precision. Pharmacological
"potentiators" generally work by destabilizing this desensitized state or stabilizing the open state,
thereby increasing the total charge transfer per synaptic event.’

e Auxiliary Subunits: AMPARs do not function in isolation; they are complexed with Transmembrane
AMPA Receptor Regulatory Proteins (TARPs, e.g., Stargazin/y-2) and Cornichons (CNIHs). These auxiliary
proteins modulate channel gating, pharmacology, and surface trafficking, serving as critical nodes for



fine-tuning synaptic strength.?

1.2 Intracellular Signaling Cascades

The modulation of AMPARs triggers profound downstream effects that extend far beyond simple membrane

depolarization. The transition from "electrical signal" to "molecular change" is mediated by two primary

cascades:

A. The BDNF-TrkB—mTOR Axis (Anabolic/Plasticity)

While classic AMPARs are Ca?*-impermeable, the depolarization they provide activates Voltage-Gated

Calcium Channels (VGCCs) and unblocks NMDA receptors, leading to significant Ca* influx.

1.

BDNF Release: Activity-dependent Ca?* influx triggers the exocytosis of Brain-Derived Neurotrophic
Factor (BDNF) from postsynaptic vesicles.®

TrkB Activation: Released BDNF binds to Tropomyosin receptor kinase B (TrkB) on the cell surface
(autocrine or paracrine loop).

mTORC1 Activation: TrkB signaling activates the PI3K/Akt and MAPK/ERK pathways, which converge to
activate mTORC1 (mechanistic Target Of Rapamycin Complex 1).°

Protein Synthesis: mTORC1 phosphorylates p70S6 Kinase (p70S6K) and inhibits 4E-BP1, thereby
initiating the rapid translation of synaptic proteins (e.g., PSD-95, GluA1, Arc) in local dendritic spines.

This pathway is the engine of structural neuroplasticity, driving spine enlargement and synaptogenesis.?

B. The CaMKII-CREB Axis (Transcriptional)

Sustained AMPA/NMDA activation recruits Ca**/calmodulin-dependent protein kinase Il (CaMKIl).

Acute: CaMKIl phosphorylates Stargazin and GluA1 (at Ser831), increasing channel conductance and
trapping receptors at the synapse (LTP).

Chronic: The signal propagates to the nucleus, phosphorylating CREB (cCAMP response element-binding
protein), which initiates gene transcription for long-term memory maintenance and homeostatic
regulation.?

1.3 Circuit and Network-Level Effects

Modulating the fundamental unit of excitation alters macroscopic brain dynamics.

Excitation/Inhibition (E/I) Balance: Fast-spiking GABAergic interneurons (PV+) are heavily driven by
AMPARs. Paradoxically, enhancing AMPA drive can increase network inhibition (feed-forward
inhibition), sharpening the signal-to-noise ratio. This "tuning" is essential for gamma oscillations (30-80
Hz), which bind sensory features into coherent percepts and support focused attention. However,
excessive potentiation can overwhelm inhibition, leading to seizure activity.*

Homeostatic Scaling: The "Synaptic Homeostasis Hypothesis" (SHY) posits that wakefulness is a period
of net synaptic potentiation (learning), while sleep is a period of renormalization (downscaling).
Pharmacological AMPA potentiation mimics the "wakeful" state, increasing the slope of field excitatory
postsynaptic potentials (fEPSPs) and potentially enhancing cortical excitability in a manner analogous to
sleep-dependent consolidation.?



1.4 Cross-Talk With Other Biological Systems

® HPA Axis & Stress: The hippocampus exerts inhibitory control over the Hypothalamic-Pituitary-Adrenal
(HPA) axis. Chronic stress causes dendritic atrophy in the hippocampus, weakening this "brake" and
leading to runaway cortisol production. Restoring hippocampal synaptic strength via AMPA potentiation
can re-engage HPA inhibition, normalizing cortisol levels.?

o Neuro-Immune Interface: Pro-inflammatory cytokines (e.g., IL-6, TNF-a) reduce AMPAR surface
expression and inhibit LTP, contributing to "sickness behavior" and depression. Conversely, restoration
of glutamatergic tone has been observed to downregulate systemic inflammatory markers, suggesting a
bidirectional link between synaptic health and immune quiescence.®

1.5 Pathological vs. Enhancement Context

e Pathology (Deficit Normalization): In depression and Alzheimer's, synapses are "silent" or physically
lost. Pathways are hypoactive. Agents that lower the threshold for LTP (like AMPA potentiators) act as
"synaptic prosthetics," reactivating dormant circuits and stimulating regrowth.®

o Enhancement (Supra-physiological): In a healthy system, the same mechanism faces the "Inverted-U"
constraint. Optimal cognition requires a balance of stability and flexibility. Excessive potentiation may
destabilize memory traces (erasing old data to write new data) or increase neural noise, degrading
performance despite higher metabolic energy consumption.?

2. TAK-653 — Molecular & Pharmacological Characterization

TAK-653 (Osavampator) is a thiadiazine derivative engineered to navigate the complex biophysical
constraints described above. It represents a third-generation "low-impact" ampakine designed to maximize
neurotrophic signaling while minimizing seizure risk.

2.1 Chemical Nature and Discovery

IUPAC Name: 9-(4-cyclohexyloxyphenyl)-7-methyl-3,4-dihydropyrazino[2,1-c]‘thiadiazine 2,2-dioxide.’

Compound Class: Thiadiazine derivative.

CAS Number: 1358751-06-0.°

Molecular Weight: 373.47 g/mol.’

Stereochemistry: The compound functions as a single enantiomer (likely the R-configuration at the

relevant chiral center based on structural analogues in the thiadiazine class, though specific disclosure

of the active enantiomer often refers to the specific conformational fit in the LBD).*

The discovery pipeline by Takeda Pharmaceuticals prioritized "low intrinsic agonism." Early potentiators like
LYA51646 exhibited significant agonism (opening the channel without glutamate), which correlated with
convulsant liability. TAK-653 was selected for its ability to bind the receptor only in the presence of
glutamate.!

2.2 Structural and Functional Characteristics

X-ray crystallography (PDB ID: 7F30) reveals that TAK-653 binds to the Ligand Binding Domain (LBD)



interface of the AMPA receptor, specifically interacting with Ser743 on the GluA1 subunit (equivalent to
Ser750 on GluA2).'?

Mechanism of Selectivity: The binding pocket is formed only when the receptor is in the glutamate-
bound conformation. TAK-653 acts as a "molecular wedge," stabilizing the dimer interface. This
prevents the conformational collapse that triggers desensitization.?

Minimal Agonism: Unlike cyclothiazide or Type | potentiators, TAK-653 has negligible effect on the
receptor in the absence of glutamate. In calcium influx assays, its agonistic effect is <5% of maximal
response, whereas older compounds often exceeded 20-30%.%

2.3 Mechanism of Action

Synaptic Physiology:

TAK-653 functions as a Positive Allosteric Modulator (PAM).

1.

Deactivation Slowing: It keeps the channel open longer after glutamate binding, increasing the decay
time of the Excitatory Postsynaptic Potential (EPSP).

Gain Enhancement: By increasing the charge transfer per synaptic event, it amplifies the "gain" of the
circuit. Weak signals that would normally fail to trigger an action potential are boosted to
suprathreshold levels.?

Intracellular Signaling Cascades:

Consistent with the biology described in Section 1.2, TAK-653 directly engages the neuroplasticity engine:

mTOR Pathway: In rat cortical neurons, TAK-653 induces phosphorylation of Akt, ERK, mTOR, and
p70S6K.°

BDNF Upregulation: It triggers a robust, dose-dependent increase in BDNF expression in the
hippocampus and prefrontal cortex. This effect is blocked by AMPA antagonists (NBQX), confirming
target specificity.®

Central vs. Peripheral Activity: TAK-653 is highly lipophilic and achieves excellent Blood-Brain Barrier (BBB)
penetration. Central target engagement has been confirmed in humans using Transcranial Magnetic
Stimulation (TMS), where TAK-653 increased the amplitude of Motor Evoked Potentials (MEP).2

2.4 Pharmacodynamics and Pharmacokinetics

Absorption: High oral bioavailability.

Metabolism: TAK-653 is metabolized by hepatic enzymes but is not a CYP3A4 inducer. Interaction
studies with midazolam (a sensitive CYP3A4 substrate) showed no clinically significant changes in
pharmacokinetics, supporting its safety in polypharmacy.?

Elimination: The terminal half-life (t1/2) in humans is approximately 33 to 48 hours.” This supports
once-daily (QD) dosing and stable steady-state plasma levels.

Linearity: Exposure is dose-proportional across the therapeutic range (0.5 mg to 6 mg).**



3. Preclinical and Human Evidence

The developmental arc of TAK-653 moves from mechanistic validation in vitro to sophisticated primate
cognition models, and finally to human efficacy trials.

3.1 Preclinical Evidence

In Vitro Characterization: Suzuki et al. (2021) demonstrated that TAK-653 potentiates AMPA currents with an
EC50 of ~4.4 uM. Crucially, it maintained a safety margin against intrinsic activation that was superior to
previous standards like LY451646.°

Rodent Models of Depression: In the "Resistant to Submissive Behavior Model" (RSBM)—a proxy for
depressive helplessness—TAK-653 (0.3—-6 mg/kg) produced robust antidepressant effects comparable to
ketamine. Unlike ketamine, it did not induce hyperlocomotion, indicating a lack of psychotomimetic liability.>

Primate Cognition and Stress:

A pivotal study by He et al. (2025) utilized a Chronic Unpredictable Mild Stress (CUMS) model in Cynomolgus
monkeys. TAK-653 treatment:

Reversed anhedonia (restored apple consumption).

Reduced huddling and increased vertical hanging behavior (markers of motivation).

Significantly reduced plasma cortisol and IL-6 levels.? In cognitive domains, TAK-653 improved
performance in the Delayed Match-to-Sample (DMTS) task in monkeys at doses as low as 0.06 mg/kg,
enhancing working memory over long delay intervals (16s).%”

3.2 Human Clinical Trials
Phase 1 (Healthy Volunteers):
Trials assessed safety and PD using the "NeuroCart" battery and TMS.

® NeuroCart: 0.5 mg and 6 mg doses increased saccadic peak velocity and adaptive tracking, interpreted
as a "psychostimulant-like" vigilance effect without subjective drug-liking or euphoria.?

® TMS: 6 mg significantly increased the amplitude of Motor Evoked Potentials (MEP), confirming that the
drug physically increases cortical excitability in the human brain.?

Phase 2 (SAVITRI - NCT05203341):
This study evaluated TAK-653 (NBI-1065845) in Treatment-Resistant Depression (TRD).

® Results: The 1 mg dose met the primary endpoint, showing a statistically significant reduction in MADRS
score at Day 28 (-4.3 points vs. placebo) and Day 56.

e The Inverted-U: The 3 mg dose did not achieve statistical significance and showed a smaller effect size
than 1 mg. This confirms the translation of the "inverted-U" dose-response curve observed in preclinical

models to human depression treatment.?°
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4. Pharmacological Targets & Pathway Mapping

TABLE 2 - TARGET-PATHWAY-EFFECT MATRIX
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5. Effect-Oriented Enhancement Mapping

5.1 Cognitive Enhancement

Preclinical data consistently show improvements in working memory. In the primate DMTS task, TAK-653

improved accuracy at long delay intervals (16 seconds), suggesting an enhancement of the "memory trace"

maintenance in the prefrontal cortex.’




5.2 Mood and Resilience

The compound does not merely suppress symptoms; it enhances resilience. The reversal of "giving up"

behavior in rats (RSBM) and the restoration of exploratory behavior in stressed monkeys suggests a pro-

motivational effect.® This is distinct from the emotional blunting often seen with SSRls.
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6. Dose Translation & Human Applicability

The dose-response relationship of TAK-653 is critical to understanding its clinical application. It exhibits a
classic "inverted U-shaped" curve, a phenomenon ubiquitous in cognitive enhancers and glutamatergic
modulators.?

6.1 Dose Ranges and Kinetics

In the Phase 2 SAVITRI trial, the 1 mg dose was efficacious, while the 3 mg dose was not.?’ This counter-
intuitive finding aligns with animal data:

Rat: Efficacy peaks around 0.3—1.0 mg/kg, with diminished returns at higher doses.?
Monkey: Cognition improved at 0.06 mg/kg."’

® Human Safety: Doses up to 18 mg were safe, indicating that the loss of efficacy at 3 mg is not due to
toxicity (e.g., seizures) but to a loss of functional benefit.*

6.2 The "Inverted U" Phenomenon

Why does "more" equal "less"? Several mechanisms contribute:

1. Interneuron Drive: Inhibitory interneurons (PV+) have highly sensitive AMPA receptors. At high doses,

TAK-653 may disproportionately potentiate the drive onto these interneurons, leading to excessive
feed-forward inhibition that dampens the overall cortical output.’

2. Receptor Trafficking: Excessive AMPA stimulation can trigger homeostatic mechanisms, such as the
internalization (endocytosis) of receptors to protect the neuron from excitotoxicity.

3. Signal-to-Noise: Optimal cognition requires a high signal-to-noise ratio. Excessive potentiation might

amplify "noise" (spontaneous activity) as much as "signal" (task-related activity), degrading information

processing.’

6.3 Translational Considerations

The human effective dose of 1 mg QD is extremely low for a CNS drug, reflecting its high potency and
specificity. The long half-life (~40 hours) supports a stable "steady state" where plasma levels remain



relatively constant, avoiding the peaks and troughs that might trigger side effects or withdrawal. This stability
is ideal for maintaining the subtle tonic potentiation required for neuroplasticity.'*

7. Exploratory & Under-Investigated Mechanisms

7.1 Neuro-Immune Modulation

The finding that TAK-653 significantly reduces IL-6 levels in stressed primates is clinically profound.®
Depression is increasingly conceptualized as a neuro-inflammatory disorder. Pro-inflammatory cytokines like
IL-6 can inhibit BDNF and drive the conversion of tryptophan to neurotoxic kynurenine metabolites. If TAK-
653 directly dampens this inflammatory cascade—perhaps by reducing the excitotoxic stress signal that
activates microglia—it could act as a disease-modifying agent in conditions like "inflammatory depression."

7.2 Homeostatic Scaling and Sleep

The Synaptic Homeostasis Hypothesis (SHY) posits that wakefulness is associated with a net increase in
synaptic strength (LTP). By potentiating AMPARs, TAK-653 pharmacologically mimics the synaptic state of
wakefulness. The "psychostimulant-like" effects on eye movements 2 support this. This suggests a potential
application in disorders of excessive daytime sleepiness or as a fatigue countermeasure. Unlike
amphetamines, which deplete monoamines, TAK-653 would theoretically sustain alertness by maintaining
synaptic "gain."

7.3 Autonomic and HPA Axis Regulation

The reduction in cortisol ® suggests that TAK-653 restores the inhibitory control of the hippocampus over the
HPA axis. In chronic stress, the hippocampus atrophies and loses this control, leading to runaway cortisol
release. By strengthening hippocampal synapses, TAK-653 could "re-engage the brake" on the stress
response. This mechanism implies utility in Post-Traumatic Stress Disorder (PTSD).

8. Anecdotal & Observational Evidence

As an investigational compound, TAK-653 has not been widely distributed. However, subjective data from
Phase 1 trials and limited grey literature provide some insight.

8.1 Subjective Experience

In the Dijkstra et al. (2022) study, healthy volunteers receiving up to 6 mg did not report significant changes
on the "Bowdle" or "Bond and Lader" scales, which measure subjective drug effects (e.g., "high," "drowsy,"

"anxious").?

e The "Invisible" Effect: Users typically do not feel "drugged." There is no euphoria, no dissociation, and
no jitteriness.

® Observation: This "silence" is a hallmark of clean AMPA modulators. The drug enhances capacity (e.g.,
faster eye movements, better memory) without altering the state of consciousness in a crude way. This



contrasts sharply with ketamine (dissociative) or amphetamine (euphoric).

8.2 Observational Signals

Limited reports from online communities (e.g., Reddit, LongeCity) suggest users experimenting with the
compound (likely from grey-market synthesis) perceive it as a "clean" focus enhancer.?? These reports are
anecdotal and unverified, but they align with the "low-agonism" safety profile described in the literature.
Users often compare it favorably to older ampakines like IDRA-21, noting a lack of "excitotoxic headaches" or
brain fog.

9. Risk, Limitations & Monitoring Considerations

9.1 Seizure Risk: The Historical Context

The shadow hanging over the ampakine class is seizure induction. High-impact modulators like cyclothiazide
eliminate desensitization, causing massive calcium influx and cell death.

® TAK-653 Safety: Preclinical toxicology showed a >400-fold safety margin between the therapeutic dose
and the convulsive dose in rats.” In humans, doses 18-fold higher than the therapeutic target caused no
seizures.'

® Mechanism: The safety stems from the fact that TAK-653 does not open the channel on its own. It
requires presynaptic glutamate release. Thus, the brain's natural inhibitory systems (GABA) can still shut
down runaway excitation.

9.2 The "Bell-Shaped" Limitation

The primary risk is not toxicity, but efficacy failure due to incorrect dosing. The Phase 2 data suggests that 3
mg is less effective than 1 mg.?° This implies a narrow therapeutic window.

® Monitoring: Clinicians must resist the urge to "push" the dose if a patient is non-responsive. Dose
escalation may actually worsen the response.
9.3 Adverse Events

In clinical trials, the adverse event profile was benign. The most common side effects were nasopharyngitis,
headache, and dizziness, occurring at rates similar to placebo.?® There were no reports of psychosis,
dissociation, or withdrawal.

10. Research, Experimental & Translational Outlook

TAK-653 is poised to be a first-in-class treatment, potentially opening the door to "precision glutamate
medicine."



10.1 Future Clinical Contexts

® Depression: As an adjunct to SSRIs. Its rapid onset (weeks vs months) and distinct mechanism make it

ideal for bridging the gap in acute depressive episodes.

® Schizophrenia: The "Cognitive Impairment Associated with Schizophrenia" (CIAS) remains an unmet

need. Given the Glutamate Hypothesis of Schizophrenia (NMDA hypofunction), bypassing NMDA and

boosting AMPA is a logical therapeutic strategy.

® Neurorehabilitation: Combining TAK-653 with physical or cognitive therapy could accelerate recovery

from stroke or Traumatic Brain Injury (TBI). The drug opens a "window of plasticity" that therapy can

then exploit to rewire circuits.

11. Evidence—-Effect—Safety (EES) SCORING FRAMEWORK

EES SCORING SUMMARY TABLE

Domain A-F Sub-scores DomainScore Confidence Key Ref
(A/B/C/D/E/F)

Mood & Stress 45/40/4.0/ 89.5 A &
5.0/5.0/4.5

Cognition 3.5/35/3.5/ 81.0 B+ e
5.0/5.0/4.5

Neuroplasticity 40/4.0/45/ 89.0 A- €
5.0/5.0/4.5

Wakefulness 3.0/3.0/25/ 69.0 C 2
40/5.0/4.5

Global Score: 82.1/ 100

Justification: TAK-653 is a highly promising, mechanistically elegant compound with verified human efficacy in

mood and strong preclinical signals for cognition. Its safety profile is superior to previous generations.

Risk Index: 10 / 100 (Low Risk)

Derived from Safety Score (4.5/5). The primary risk is lack of efficacy at the wrong dose (bell curve).




12. EVIDENCE-EFFECT-SAFETY (EES) SCORING

e A. Cognition & Learning: 85/100 (Strong animal data, clear mechanism)
e B. Mood & Motivation: 90/100 (Strongest differentiation for TAK-653)
e C.Wakefulness: 60/100 (Secondary effect)

e D. Neuroplasticity: 85/100 (Core mechanism)

e E. Autonomic/Vascular: 40/100 (Minimal direct data)

e F. Metabolic: 30/100 (Unknown)

DomainScore = 20 x (0.25(85) + 0.15(90) + 0.20(60) + 0.20(85) + 0.10(40) + 0.10(30))

DomainScore =20 x (21.25 + 13.5+12.0+ 17.0 + 4.0 + 3.0) = 20 x 70.75 = 1415

(Note: Normalizing to 100-scale for decision surface inputs based on component weights: Raw Domain

Strength = 71/100)

13. LEVERAGE-INTEGRATED EES SCORING

Domain Score (0-100) Leverage Index (LI) Lev. Score Conf. Grade Risk Index
Cognition 85 1.20 (Direct Amp.) 102 B+ (Animal+) 20
Mood 90 1.25 (BDNF Driver) 112.5 B (Animal+) 15
Plasticity 85 1.15 (structural) 97.75 B 15
Wakefulness 60 0.90 (Indirect) 54 C 10

Visual Grammar:

@ High Leverage/High Evidence: Mood & Cognition (Core Value).

@ Risk: Low-Moderate (Bubble size small to medium).

14. DECISION SURFACE (Evidence x Leverage x Risk)

Calculation Logic:




RPS =100 x ( e?x I*%x (1 -r)*?)
Where e = Score/100, | = LI, r = Risk/100.
1. Mood (Depression/Anhedonia)

e=0.90,1=1.25,r=0.15

RPS =100 x (0.90%2 x 1.25 x 0.85°)

RPS =100 x (0.88 x 1.25 x 0.78) = 85.8

U = 0.9 (Strong preclinical alignment). RPSagj= 77.2

2. Cognition (Working Memory)

® e=0.851=1.20,r=0.20

@® RPS=100x (0.85%2x1.20 x 0.80)

@ RPS=100x(0.82x1.20x0.71)=69.8

@® U =0.85(Human translation gap). RPS,q;= 59.3

Mandatory Table — Decision Surface

Domain E L R |Conf |U RPS | RPS_adj Surface Region Key Refs
Mood 90 (125 (15 | B 0.90 | 858 |77.2 Core / High-Value [2,4]
Cognition 85 | 1.20 | 20 | B+ 0.85 | 69.8 | 59.3 High-Leverage Frontier | [1,3]
Plasticity 85 [1.15 |15 | B 0.85 | 73.1 | 621 Core / Established [1,4]
Wakefulness 60 [ 090 |10 | C 0.80 | 45.4 | 36.3 Risk-Limited -

Sensitivity Analysis:

A 10% decrease in Evidence for Mood (due to lack of Phase Ill human data) lowers RPS_adj to ~65, still
placing it in the "High-Leverage Frontier." The compound is robustly positioned as a neuroplasticity agent
first, cognitive enhancer second.
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