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Abstract

Rapid-acting antidepressant research has moved therapeutic attention from monoamines to
glutamatergic neuroplasticity. Intravenous ketamine and the oral "Cheung Glutamatergic Regimen"
(dextromethorphan, a CYP2D6 inhibitor, piracetam, glutamine) rely on NMDA-receptor antagonism
to unleash glutamate and drive AMPA throughput, but the price is polypharmacy and demanding
pharmacokinetics. I advance a counterproposal: pair methylphenidate (MPH) with the AMPA-
positive allosteric modulator piracetam. Evidence indicates that MPH elicits a brief, prefrontal-
selective rise in extracellular glutamate; piracetam can magnify this impulse and may recreate the
"AMPA-dominant" plasticity state linked to ketamine-like efficacy. The safety of the combination is
weighed against the excitotoxic risks posed by amphetamine stimulants, and clinical vignettes of
executive-function recovery and "brain-fog" relief are reviewed.
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Introduction

Ketamine's ability to lift mood within hours revolutionised biological psychiatry, positioning
glutamatergic circuitry —rather than serotonin or noradrenaline —as the fulcrum of rapid symptom
change (1). Ketamine blocks NMDA receptors on GABA interneurones, disinhibits pyramidal cells,
and sparks a glutamate surge that stimulates postsynaptic AMPA receptors, triggering mTOR-
dependent synaptogenesis (2, 3). Cheung translated this intravenous logic into an oral, four-
component stack featuring dextromethorphan (DXM) as the NMDA antagonist plus piracetam to
enhance AMPA throughput (4). The central hypothesis here is that methylphenidate, long used for
ADHD, can replace DXM as the glutamate "push,” permitting a simpler two-drug protocol when
joined with piracetam. Unlike DXM, which frees glutamate via interneurone disinhibition, MPH
raises synaptic glutamate through dopamine-transporter blockade and D1-receptor signalling (5).
The pivotal question is whether the MPH-piracetam pair can deliver comparable plasticity with
fewer moving parts and a wider safety margin (Figure 1).
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Era 1: Monoamines
SSRIs and SNRIs
Slow Acting

!

Era 2: IV Ketamine
NMDA Blockade
Rapid but Invasive

!

Era 3: Cheung Regimen
Oral DXM + Piracetam
Complex Polypharmacy

!

Proposal: MPH + Piracetam
Simplified Glutamatergic
Accessible and Safe

Figure 1. Evolution of Rapid Antidepressants. Moving from slow monoamine therapies to complex oral

glutamatergic stacks, and finally to the proposed simplified two-drug strategy.

Mechanistic Rationale: Replicating the AMPA-Dominant State

The Ketamine and HNK Template

Hypothesis 1: Whatever the upstream trigger, lasting relief emerges when the AMPA/NMDA
throughput ratio tilts steeply toward AMPA. Work on the ketamine metabolite (2R,6R)-
hydroxynorketamine shows antidepressant effects that persist without direct NMDA blockade yet
vanish if AMPA receptors are blocked (3). The endpoint, therefore, is AMPA dominance, not NMDA
inhibition per se (Figure 2).

Trigger Mechanism
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Figure 2. The AMPA Dominant State. Efficacy depends on tilting the ratio towards AMPA throughput. Direct
NMDA blockade is only one way to achieve this; enhancing AMPA is the other.

Methylphenidate as the Glutamate Source

Hypothesis 2: MPH supplies a glutamate rise of sufficient amplitude and duration to start the
plasticity cascade. Therapeutic doses boost prefrontal glutamate by roughly 20-40 % via a D1/ERK
pathway and prompt transient insertion of GluA1l-containing AMPA receptors into dendritic spines
(5). In contrast to Cheung's DXM-driven burst, the MPH signal is smaller but more focused,
enhancing the signal-to-noise ratio of cortical transmission (Figure 3).

Methylphenidate

!
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Transporter

I

Activates D1 Receptors

!

ERK Signaling Pathway

!

Glutamate Release
Prefrontal Cortex
20 to 40 Percent Rise

Figure 3. MPH as the “Push”. Unlike DXM which works via disinhibition, Methylphenidate uses D1 signaling

to create a controlled, region-specific glutamate burst.

Piracetam as the AMPA Amplifier

Hypothesis 3: Piracetam enlarges the MPH signal by slowing AMPA-receptor desensitisation
and increasing channel conductance (6, 7) (Figure 4). In combination, MPH furnishes the "fuel"
(glutamate) and piracetam widens the gate, enabling BDNF release and synaptic repair consistent
with Li et al.'s (8) mTOR model. Thus, a two-step process—chemical push, receptor pull—may
emulate the AMPA-dominant state achieved by ketamine or the full Cheung stack (Figure 5).
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Figure 4. Piracetam as the “Pull”. Piracetam acts as an amplifier. It keeps the AMPA channels open longer,

allowing the glutamate signal to have a stronger effect.

The Fuel The Engine
Methylphenidate Piracetam
Glutamate Burst AMPA Potentiation
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Channels
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Figure 5. The Combined Mechanism. Combining the "Push" of MPH and the "Pull" of Piracetam recreates the

specific neurochemical state required for rapid antidepressant effects.

Safety and Excitotoxicity: Methylphenidate vs. Amphetamines
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The Dangers of Amphetamines (Vyvanse)

Hypothesis 4: Amphetamine stimulants, when combined with an AMPA potentiator, can cause
excitotoxicity because they cause too much glutamate to flow for a long time (Figure 6).
Lisdexamfetamine inhibits VMAT-2 and astrocytic EAAT-2, leading to glutamate elevations of 40—
100% that endure for 6-12 hours and are linked to hyperthermia and oxidative stress (9, 10, 11).  If
there is no NMDA brake, piracetam could make this surge worse by breaking down the ability of
calcium to buffer (12, 13).

Amphetamine Route Methylphenidate Route
Lisdexamfetamine MPH Mechanism
Massive Glutamate Surge Brief Glutamate Rise
Lasts 6 to 12 Hours Self-Limiting
Excitotoxicity Risk Safe with Piracetam

Figure 6. AMP vs MPH. Amphetamines cause a dangerous, sustained glutamate flood. MPH causes a brief, safe

pulse, making it the preferred partner for Piracetam.

The Safety Profile of Methylphenidate

Hypothesis 5: MPH is a safer partner because its glutamate rise is modest, region-restricted, and
self-terminating (Figure 6). Plasma clearance within three hours allows extracellular glutamate to
normalise rapidly (14). Higher therapeutic doses even dampen excitatory drive, imposing a
pharmacological ceiling (5). These kinetics argue that adding piracetam is unlikely to produce the
sustained calcium influx that underlies excitotoxic death.

Clinical Evidence and Efficacy

Hypothesis 6: Patients who still have executive dysfunction or "brain fog" can get quick,
combination-dependent benefits from MPH + piracetam that they can't get from either drug alone
(Figure 7). A real-life case of a 28-year-old woman with ADHD backs up this claim: adding 1,200
mg of piracetam to 18 mg of MPH improved her attention, mood, and motivation. The benefits went
away when piracetam was stopped and came back when it was started again (15). A randomized
study also supports the idea of synergy by showing that cognitive performance is better with the
same combo than with just one stimulant (16).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.0665.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 December 2025 d0i:10.20944/preprints202512.0665.v1

6 of 8

Patient with Brain Fog
Residual ADHD Symptoms

|

Monotherapy MPH
Partial Response

Add Piracetam

v

Combo MPH + Piracetam
Full Response

!

Focus Restored Mood Stabilized Motivation High

Figure 7. Clinical Impact. Clinical evidence suggests the combination resolves symptoms that monotherapy

leaves behind, specifically in executive function and motivation.

Warning: Iatrogenic Risks in the Developing Brain

Any discussion of glutamatergic enhancement must account for developmental timing. The
Cheung stack—dextromethorphan to lift NMDA "brakes," piracetam to widen AMPA throughput,
glutamine to replenish substrate —intentionally accelerates synaptogenesis. In an adolescent or adult
whose cortical networks have already undergone pruning, that push can replenish sparse spines and
restore signal-to-noise. In children of roughly ten years or younger, however, the same chemistry
collides with an opposite biological agenda: the brain is busy trimming excess excitatory contacts, not
adding new ones (17). Over-activating mTOR pathways at this stage risks reproducing the
"exuberant” connectivity that marks early autism, where synaptic density in frontal and temporal
regions may exceed neurotypical levels by as much as 50 % (18, 19). By simultaneously disinhibiting
pyramidal firing and prolonging AMPA currents, the regimen could aggravate the very cascades that
derail pruning, lowering cortical signal fidelity and fostering the noise that manifests clinically as
sensory overload or perseverative behaviour.

The practical implication is stark: in pre-pubertal brains the Cheung protocol or the MPH +
Piracetam combination is not merely sub-optimal, it is potentially harmful. A sustained period of
chemically enforced hyper-plasticity could entrench or even precipitate the synaptic surplus that
underlies autistic symptom clusters—social disengagement, repetitive motor loops, heightened
reactivity to sound or light. Given this iatrogenic threat, clinicians should regard the full NMDA -
plus-AMPA stack as contraindicated in children under eleven, reserving it for patients whose neural
architecture has already traversed the critical window for pruning and is demonstrably in need of
rebuilding rather than reduction.

Conclusion

The hypotheses that were gathered make sense together. MPH gives a short, targeted boost of
glutamate, and piracetam increases AMPA throughput.Together, they may recreate the neuroplastic
signature of ketamine without the logistical burden of the Cheung quartet or the excitotoxic risk of
amphetamines. In cell cultures, animal models, and controlled human trials, each claim can be
proven false. If the data line up, doctors could get a cheap two-drug tool for treating hard-to-treat
depression, ADHD, and cognitive fatigue. This tool would stay within the rules but use the newest
science of rapid plasticity (Figure 8).
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Figure 8. The Strategic Sweet Spot. The proposed strategy balances the advanced science of plasticity with the

practical needs of safety and simplicity in outpatient care.
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