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ABSTRACT

Piracetam (2-oxo-1-pyrrolidineacetamide), the founding member
of the racetam class and the first compound for which the term
"nootropic" was coined, is a cyclic derivative of gamma-
aminobutyric acid (GABA) that lacks direct GABAergic receptor
activity and instead exerts its principal pharmacological effects
through positive allosteric modulation of alpha-amino-3-hydroxy-
5-methyl-4-isoxazolepropionic acid (AMPA) type glutamate
receptors, restoration of neuronal membrane fluidity, inhibition of
voltage-gated N-type calcium channels, and rheological
modification of erythrocyte and platelet function. Synthesized in
1964 by Corneliu Giurgea at the Belgian pharmaceutical company
UCB under the development code UCB 6215, piracetam was
initially investigated as a GABA-related sedative-hypnotic but was
rapidly recognized to possess a pharmacological profile
fundamentally distinct from GABA agonism: it enhanced learning
and memory in animal models without producing sedation,
anxiolysis, or anticonvulsant activity at therapeutic doses, and it
exhibited an exceptionally favorable satety profile with no
identified lethal dose in standard rodent toxicology. Giurgea
formalized this novel pharmacological category in 1972 by coining
the term "nootropic" from the Greek nous (mind) and trepein (to
bend), establishing criteria that included enhancement of learning
and memory, protection of the brain against physical or chemical
injury, enhancement of cortical and subcortical control
mechanisms, and absence of the pharmacological profile of
typical psychotropic drugs. The molecular pharmacology of
piracetam centers on a weak but functionally relevant positive
allosteric modulation of AMPA receptors, characterized
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crystallographically by Ahmed and Oswald (2010) as binding at a
novel site along the AMPA receptor dimer interface distinct from
the aniracetam and cyclothiazide binding sites [1]. At
concentrations achieved by standard oral dosing (approximately
100 micromolar in cerebrospinal fluid after a 1200 mg oral dose),
piracetam enhances AMPA receptor-mediated calcium influx,
reduces receptor desensitization, and facilitates glutamatergic
neurotransmission in cortical and hippocampal circuits. A second
major mechanism is the restoration of membrane fluidity in aged,
hypoxic, or otherwise compromised neuronal membranes
through direct interaction with the phospholipid bilayer
headgroup region, improving the mobility and function of
membrane-embedded receptors and ion channels [2]. A third
mechanism, inhibition of voltage-gated N-type calcium channels
at low micromolar concentrations (IC50 approximately 3
micromolar in rat cortical neurons), contributes to
neuroprotective activity under ischemic conditions [3].
Pharmacokinetics are characterized by near-complete oral
absorption (bioavailability approaching 100 percent), absence of
hepatic metabolism (no metabolites have been identified in any
species), renal excretion of the unchanged compound accounting
for greater than 98 percent of the administered dose, and a plasma
elimination half-life of approximately 5 hours in adults with
normal renal function [4, 5]. The cerebrospinal fluid halt-lite is
approximately 8 hours, consistent with the sustained central
nervous system activity observed clinically. The pharmacokinetic
profile is uncomplicated by cytochrome P450 interactions, protein
binding etfects, or hepatic disease sensitivity; the sole clinically
relevant pharmacokinetic modifier is renal function, with dose
adjustment required in renal impairment and the half-life
extending to approximately 59 hours in anuric end-stage renal
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disease. The clinical evidence base spans six decades and multiple
indications. The strongest evidence supports the use of piracetam
in cortical myoclonus, where it is approved in the United Kingdom
and several European jurisdictions at high doses (7.2 to 24 grams
per day) as adjunctive therapy, with randomized controlled trial
evidence demonstrating significant improvement in motor
disability, functional capacity, and global assessment scores [6, 7].
A second major clinical application is age-related cognitive decline
and dementia, where a 2002 meta-analysis of 19 double-blind
placebo-controlled trials by Waegemans et al. reported a global
effect favoring piracetam across a heterogeneous population of
older patients with cognitive impairment [8], while a 2012
Cochrane systematic review by Flicker and Grimley Evans
concluded that the evidence was suggestive but insufficient to
support routine clinical use in dementia [9]. A more recent 2024
systematic review and meta-analysis by Fang et al. of 18 studies
and 886 patients reported mixed findings, with some measures of
cognitive function showing benefit but overall memory outcomes
failing to reach clinical significance [10]. A third clinical
application, acute ischemic stroke, was studied in the Piracetam in
Acute Stroke Study (PASS), a multicenter randomized trial of 927
patients receiving 12 grams intravenously within 12 hours of
stroke onset, which did not demonstrate significant benefit on the
primary endpoint but showed a signal of efficacy in the subgroup
treated within 7 hours [11, 12]. The compound is well tolerated. The
principal safety considerations are dose-dependent inhibition of
platelet aggregation with prolongation of bleeding time at high
doses (a class effect that warrants caution in patients with
hemorrhagic risk factors, concurrent anticoagulant therapy, or
pre-surgical status), and the requirement for gradual dose
tapering in myoclonus patients to avoid withdrawal-related
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seizure exacerbation [13]. Common adverse events are mild and
include nervousness, hyperkinesia, somnolence, and weight gain,
with no organ toxicity identified in chronic dosing studies
extending to years of treatment. The compound is not approved by
the United States Food and Drug Administration and is classified
as a dietary supplement ingredient or research compound in the
United States; it is a registered prescription medicine in over 60
jurisdictions worldwide. This monograph reviews the chemistry,
synthesis, and structural class of piracetam; the molecular
pharmacology at AMPA receptors, neuronal membranes, and
calcium channels; the comprehensive pharmacokinetic record; the
clinical evidence base across myoclonus, cognitive impairment,
stroke, and additional indications; sourcing and quality
verification; reconstitution and handling; stack interactions;
adverse events and safety signals; and a comparative assessment
of five racetam-class alternatives against piracetam on five
competency standards.
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1. Compound Identitication

1.1 Names, synonyms, and registry identifiers

International Nonproprietary Name: Piracetam.

Marketed names: Nootropil (UCB Pharma; European Union, Australia, Brazil,
Japan, Republic of Korea, and numerous other jurisdictions), Lucetam (generic,
Eastern Europe), Oikamid (Japan), Breinox (generic), Noostan (generic),
Memotropil (generic, Russia and CIS states), Cerebryl (generic, India).

Development codes: UCB 6215 (UCB Pharma). The development code appears in
the earliest pharmacology literature and in the Giurgea laboratory publications
from the 1960s and 1970s.

Chemical Abstracts Service registry number: 7491-74-9.

International Union of Pure and Applied Chemistry name: 2-(2-oxopyrrolidin-1-
yl)acetamide. The compound is the N-carbamoylmethyl derivative of 2-pyrrolidone
(gamma-butyrolactam), placing it structurally as a cyclic derivative of gamma-

aminobutyric acid with an appended primary amide.
PubChem CID: 4843.

DrugBank accession: DB09210.

1.2 Structural class and chemistry

Piracetam is the prototype member of the racetam structural class, defined by the
shared 2-oxopyrrolidine (gamma-butyrolactam) nucleus. Subsequent racetams
(aniracetam, oxiracetam, pramiracetam, phenylpiracetam, levetiracetam, brivarac-
etam, and others) are structural analogs bearing substitutions on the pyrrolidone
ring or on the acetamide side chain that modify potency, lipophilicity, receptor se-
lectivity, or pharmacokinetic properties. Piracetam is the simplest and least
lipophilic member of the class.

Molecular formula: C6H10N202.

Exact mass: 142.0742 g/mol (monoisotopic).
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Molecular weight: 142.16 g/mol.

Physical properties: White crystalline powder. Freely soluble in water (approxi-
mately 720 g/L at 25 degrees Celsius), slightly soluble in ethanol, practically insolu-
ble in diethyl ether and hexane. Melting point 151.5 to 152.5 degrees Celsius. The
compound is achiral and does not exhibit optical activity; there are no stereocen-

ters and no enantiomeric considerations. The taste is slightly bitter.

Structural relationship to GABA: Piracetam is formally the cyclic amide (lactam)
of 4-aminobutyric acid with the nitrogen of the lactam ring bearing a carbamoyl-
methyl (glycinamide) substituent. Despite this structural relationship to gamma-
aminobutyric acid, piracetam does not bind to GABA-A or GABA-B receptors and
does not modulate GABAergic neurotransmission at any concentration tested in
binding or functional assays [14]. The pharmacological profile is therefore entirely
non-GABAergic, a finding that was central to Giurgea's recognition that piracetam
represented a novel drug class.

1.3 Synthesis

The industrial synthesis of piracetam is well established and proceeds through sev-
eral published routes. The most commonly employed method involves the conden-
sation of 2-pyrrolidone with chloroacetamide or the cyclization of gamma-
aminobutyric acid derivatives. Specifically, the reaction of 2-pyrrolidone with ethyl
chloroacetate in the presence of a strong base (sodium hydride or potassium tert-
butoxide) produces 2-oxo-1-pyrrolidineacetic acid ethyl ester, which is subse-
quently converted to the amide by aminolysis with ammonia or by hydrolysis to the
acid followed by amide coupling. An alternative route involves direct N-alkylation
of 2-pyrrolidone with chloroacetamide under basic conditions. The product is puri-
fied by recrystallization from ethanol, isopropanol, or water, and is characterized
by nuclear magnetic resonance spectroscopy (1H and 13C), infrared spectroscopy,
melting point, and high-performance liquid chromatography. Industrial yields are
high (typically greater than 85 percent), reflecting the simplicity of the chemistry
and the stability of the product. The compound is manufactured at multi-ton scale
for global pharmaceutical supply.
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2. Abstract

Piracetam (UCB 6215, 2-oxo-1-pyrrolidineacetamide) is the founding member of the
racetam class of nootropic agents, synthesized in 1964 by Corneliu Giurgea at UCB
Pharma in Belgium and first described in the clinical literature as a compound that
enhanced learning and memory in animal models and in human subjects without
producing the sedation, stimulation, or receptor-mediated side effects characteris-
tic of conventional psychotropic agents [14, 15]. The compound is a positive al-
losteric modulator of AMPA-type glutamate receptors [1], a modulator of neuronal
membrane fluidity [2], and an inhibitor of voltage-gated N-type calcium channels
[3], with additional rheological effects on erythrocyte deformability and platelet ag-
gregation [13].

The clinical evidence base extends across six decades and encompasses several
distinct therapeutic domains. The most robust evidence supports the use of pirac-
etam as adjunctive therapy for cortical myoclonus at high oral doses (7.2 to 24
grams per day), where randomized controlled trials have demonstrated statistically
and clinically significant improvement in myoclonic motor disability, handwriting,
and functional capacity [6, 7]. The compound is approved for this indication in the
United Kingdom and several European jurisdictions. A second clinical domain is
age-related cognitive impairment and dementia, where meta-analytic evidence
from 19 randomized trials has shown a global treatment effect favoring piracetam
[8], though subsequent Cochrane review and more recent meta-analysis have con-
cluded that the evidence, while suggestive, is insufficient to support routine clinical
use [9, 10]. A third domain, acute ischemic stroke, was studied in the Piracetam in
Acute Stroke Study (PASS), which showed no overall benefit at 12 grams intra-
venously but generated a post hoc signal of efficacy when treatment was initiated
within 7 hours of onset [11, 12].

Pharmacokinetics are distinguished by near-complete oral bioavailability, ab-
sence of hepatic metabolism, renal excretion of unchanged drug (greater than 98
percent), a plasma half-life of approximately 5 hours, and a cerebrospinal fluid half-
life of approximately 8 hours [4, 5]. The pharmacokinetic profile is uncomplicated
by drug-drug interactions through cytochrome P450 pathways or protein binding

displacement; the sole clinically significant modifier is renal function.
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The compound is exceptionally well tolerated. No lethal dose has been estab-
lished in standard rodent toxicology (LD50 exceeds 10 g/kg in rats and mice). The
principal safety consideration is dose-dependent inhibition of platelet aggregation
at high doses, warranting caution in patients with hemorrhagic risk factors or con-
current anticoagulant therapy [13]. Common adverse events are mild and infre-
quent. Piracetam is not approved by the United States Food and Drug
Administration; it is a registered prescription medicine in over 60 jurisdictions

worldwide.
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3. Discovery and Development History

3.1 Origin

Piracetam was synthesized in 1964 by Corneliu E. Giurgea, a Romanian-born psy-
chologist and chemist working at the Belgian pharmaceutical company UCB (Union
Chimique Belge) in Brussels. Giurgea's research program was directed at develop-
ing cyclic derivatives of gamma-aminobutyric acid as potential sedative-hypnotic
agents. The synthesis of piracetam (designated UCB 6215) produced a compound
that, contrary to expectation, lacked sedative, hypnotic, anxiolytic, and anticonvul-
sant activity at any dose tested but exhibited a distinctive profile in animal behav-
ioral models: it enhanced passive avoidance learning, improved acquisition and re-
tention in maze tasks, and protected against amnesia induced by electroconvulsive
shock, hypoxia, and pharmacological agents [14, 15]. This pharmacological profile
was unprecedented and could not be classified within any existing drug category.

3.2 Coining of the nootropic concept

In 1972, Giurgea formalized the novel pharmacological class by coining the term
"nootropic" from the Greek nous (mind) and trepein (to bend or turn). He estab-
lished defining criteria for the class: (a) enhancement of learning and memory; (b)
enhancement of the resistance of learned behaviors to conditions that tend to dis-
rupt them (hypoxia, electroconvulsive shock, chemical amnestic agents); (c) protec-
tion of the brain against physical or chemical injury; (d) enhancement of tonic cor-
tical and subcortical control mechanisms; and (e) absence of the usual pharmaco-
logical effects of psychotropic drugs (sedation, motor stimulation, receptor-medi-
ated side effects) [16]. Piracetam satisfied all five criteria and became the prototype
against which all subsequent nootropic compounds were evaluated.

3.3 Clinical development and regulatory history

UCB advanced piracetam through clinical development in the late 1960s and 1970s,
with early clinical trials focused on cognitive enhancement in elderly patients and
in patients with cerebrovascular disease. The compound was first registered as a
prescription medicine in Europe in the early 1970s under the brand name
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Nootropil. Over the following decades, regulatory approvals were obtained in over
60 jurisdictions worldwide, including most European Union member states, Japan,
Brazil, the Republic of Korea, Mexico, India, and numerous countries in Africa, the
Middle East, and Southeast Asia.

Approved indications vary by jurisdiction and include: cognitive disorders of ag-
ing and degenerative or vascular origin (most European and Asian markets); corti-
cal myoclonus of any etiology as adjunctive therapy (United Kingdom, several
European markets); vertigo (selected markets); and dyslexia (selected markets, no-
tably France and Belgium). The compound has never been approved by the United
States Food and Drug Administration. In 2004, the FDA issued an import alert classi-
fying piracetam as an unapproved drug and prohibiting its importation for sale as a
dietary supplement, a classification that remains in effect.

3.4 Development of the racetam class

The success of piracetam stimulated extensive medicinal chemistry exploration of
the 2-oxopyrrolidine nucleus, producing a series of structural analogs with modi-
fied pharmacological and pharmacokinetic properties. Aniracetam (Hoffmann-La
Roche, 1979) introduced a p-anisoyl substituent that increased lipophilicity and
AMPA receptor potency. Oxiracetam (ISF, 1977) added a 4-hydroxyl group to the
pyrrolidone ring. Pramiracetam (Parke-Davis, 1984) appended a diisopropy-
laminoethyl group to the acetamide nitrogen. Phenylpiracetam (Institute of
Biomedical Problems, Moscow, 1983) introduced a phenyl group at the 4-position of
the pyrrolidone ring, increasing potency approximately 30- to 60-fold.
Levetiracetam (UCB, 1999), the S-enantiomer of alpha-ethyl-2-oxo-1-pyrrolidineac-
etamide, was developed not as a nootropic but as an antiepileptic agent acting
through binding to synaptic vesicle protein 2A (SV2A); it became one of the most
widely prescribed antiepileptic drugs globally. Brivaracetam (UCB, 2016), a 4-n-
propyl analog of levetiracetam, achieved higher SV2A affinity and selectivity. The
racetam class thus spans both nootropic and antiepileptic pharmacology, with
piracetam as the common structural ancestor.
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4. Mechanism of Action

Piracetam is a multi-mechanism agent whose pharmacological effects arise from at
least three distinct molecular activities: positive allosteric modulation of AMPA-
type glutamate receptors, modulation of neuronal membrane fluidity and phospho-
lipid dynamics, and inhibition of voltage-gated N-type calcium channels.
Additional effects on erythrocyte deformability and platelet aggregation contribute
to the rheological and hemostatic profile. Unlike most psychotropic agents, pirac-
etam does not bind with significant affinity to any monoamine, amino acid, or pep-

tide neurotransmitter receptor at therapeutic concentrations.

4.1 Positive allosteric modulation of AMPA receptors

The AMPA receptor (alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid re-
ceptor) is a tetrameric ligand-gated cation channel composed of combinations of
GluA1l through GluA4 subunits. It mediates the majority of fast excitatory synaptic
transmission in the central nervous system and is the principal postsynaptic recep-
tor for glutamate at cortical and hippocampal synapses critical for learning and
memory.

Ahmed and Oswald (2010) characterized the binding of piracetam to the GluA2
AMPA receptor subunit by X-ray crystallography at 1.6 angstrom resolution,
demonstrating that piracetam binds at a novel site along the dimer interface of the
ligand-binding domain, distinct from the binding sites of the more potent AMPA re-
ceptor modulators aniracetam and cyclothiazide [1]. The binding reduces receptor
desensitization and deactivation kinetics, prolonging the duration of the glutamate-
evoked current. The allosteric modulation is weak compared to aniracetam (ap-
proximately 10-fold lower potency) and substantially weaker than cyclothiazide,
consistent with the modest cognitive enhancement observed clinically.

At concentrations of approximately 100 micromolar (achieved in cerebrospinal
fluid after a standard oral dose of 1200 mg), piracetam enhances AMPA receptor-
mediated calcium influx in cultured cortical and hippocampal neurons [17]. The
enhancement of glutamatergic transmission at AMPA receptors in hippocampal cir-
cuits involved in long-term potentiation (LTP) is the most widely cited molecular
basis for the procognitive activity of piracetam and the racetam class.
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4.2 Membrane fluidity modulation

Piracetam interacts directly with the headgroup region of phospholipid bilayers, in-
creasing the fluidity and mobility of membrane components in aged, hypoxic, or
otherwise compromised neuronal membranes [2]. This effect has been demon-
strated by electron spin resonance spectroscopy, fluorescence anisotropy, and dif-
ferential scanning calorimetry in model membranes and in isolated brain synapto-
somal preparations. The magnitude of the fluidity effect is selective for membranes
that have been rendered rigid by oxidative damage, cholesterol accumulation, or
hypothermia; piracetam produces minimal change in the fluidity of young, healthy
membranes, consistent with a restorative rather than a globally disruptive mecha-

nism [18].

The functional consequence of restored membrane fluidity is improved mobility
and function of membrane-embedded proteins, including ion channels, receptors,
and signal transduction enzymes. The AMPA receptor itself is a membrane-embed-
ded protein whose conformational dynamics are sensitive to the lipid environment;
the membrane fluidity mechanism may therefore synergize with the direct al-
losteric modulation to produce the observed enhancement of glutamatergic trans-
mission. The membrane fluidity mechanism also provides a molecular basis for the
neuroprotective activity of piracetam under hypoxic and ischemic conditions,
where membrane rigidification is an early pathological event.

4.3 N-type calcium channel inhibition

Piracetam inhibits voltage-gated N-type (Cav2.2) calcium channels in rat cortical
neurons with an IC50 of approximately 3 micromolar, a concentration well within
the range achieved by standard oral dosing [3]. The N-type calcium channel medi-
ates neurotransmitter release at presynaptic terminals and contributes to excito-
toxic calcium influx during ischemia. Inhibition at therapeutic concentrations
modulates presynaptic release dynamics and may contribute to both the neuropro-
tective profile and the modulation of synaptic transmission observed with

piracetam.
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4.4 Rheological effects

Piracetam produces measurable effects on blood rheology at clinical doses.
Erythrocyte deformability is increased, whole blood viscosity is reduced, and
platelet aggregation is inhibited in a dose-dependent manner [13, 19]. The rheologi-
cal effects are the basis for clinical interest in cerebrovascular and peripheral vas-
cular disease and contribute to the antithrombotic profile observed in stroke stud-
ies. The mechanism of the platelet aggregation inhibition is not fully characterized
but appears to involve effects on platelet membrane fluidity and on thromboxane
A2 synthesis.

4.5 Absence of conventional receptor activity

Piracetam does not bind with significant affinity to GABA-A or GABA-B receptors,
dopamine D1 through D5 receptors, serotonin 5-HT1 through 5-HT7 receptors,
adrenergic alpha-1, alpha-2, beta-1, or beta-2 receptors, muscarinic M1 through M5
receptors, nicotinic acetylcholine receptors, histamine H1 through H4 receptors,
opioid mu, delta, or kappa receptors, or benzodiazepine binding sites at concentra-
tions up to 1 millimolar [14]. This absence of conventional receptor activity is the
molecular basis for the favorable side-effect profile and is the defining pharmaco-

logical feature that distinguishes piracetam from conventional psychotropic drugs.
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5. Pharmacokinetics and Routes of
Administration

5.1 Absorption

Piracetam is rapidly and nearly completely absorbed after oral administration. Oral
bioavailability approaches 100 percent, reflecting the compound's high aqueous
solubility, small molecular weight, and absence of significant first-pass hepatic me-
tabolism [4, 5]. Time to peak plasma concentration (Tmax) is approximately 30 to 40
minutes in the fasted state after a standard oral dose. After a single oral dose of 3.2
grams in fasted healthy volunteers, peak plasma concentration (Cmax) is approxi-
mately 84 micrograms per milliliter (approximately 590 micromolar) [4]. Food in-
take does not alter the extent of absorption (AUC is unchanged) but reduces Cmax
by approximately 17 percent and prolongs Tmax to approximately 1.5 hours.

5.2 Distribution

Volume of distribution is approximately 0.6 liters per kilogram, consistent with dis-
tribution into total body water. Plasma protein binding is negligible (piracetam
does not bind measurably to plasma proteins). The compound crosses the blood-
brain barrier; cerebrospinal fluid concentrations reach approximately 100 micro-
molar after a 1200 mg oral dose, with a cerebrospinal fluid half-life of approxi-
mately 8 hours, longer than the plasma half-life [20]. The compound does not accu-
mulate in specific tissues and distributes homogeneously into the aqueous
compartments.

5.3 Metabolism

Piracetam is not metabolized. No metabolites have been identified in any species
studied, including humans, rats, dogs, and rabbits [4, 5]. The compound is excreted
entirely as unchanged drug. This absence of metabolism is unusual among phar-
maceutical agents and eliminates cytochrome P450-mediated drug-drug interac-
tions, hepatic disease effects on clearance, and pharmacogenomic variability in
drug metabolism as clinical considerations.
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5.4 Elimination

Renal excretion accounts for greater than 98 percent of the administered dose. The
compound is eliminated by glomerular filtration without measurable tubular secre-
tion or reabsorption. Renal clearance is approximately 86 mL/min, closely approxi-
mating the glomerular filtration rate [4]. Plasma elimination half-life is approxi-
mately 5 hours in adults with normal renal function. The half-life is prolonged in
proportion to the reduction in creatinine clearance: approximately 7 to 8 hours in
mild renal impairment (creatinine clearance 40 to 60 mL/min), approximately 12 to
15 hours in moderate renal impairment (creatinine clearance 20 to 40 mL/min), and
approximately 59 hours in anuric end-stage renal disease [5]. Dose adjustment is re-

quired in renal impairment; the compound is removed by hemodialysis.

5.5 Routes of administration

Three routes are used clinically: oral (tablets, oral solution, granules), intravenous
bolus, and intravenous infusion. The oral route is the standard for chronic adminis-
tration at doses of 1.2 to 4.8 grams per day (cognitive indications) and 7.2 to 24
grams per day (myoclonus). Intravenous administration (typically 12 grams as a bo-
lus or short infusion) has been used in acute stroke studies and in the initiation of
high-dose myoclonus therapy. Intramuscular administration has been described
but is not standard.

5.6 Special populations

Elderly: The half-life is prolonged in elderly subjects, primarily due to age-related
decline in renal function rather than any change in drug handling. Dose adjust-

ment based on estimated creatinine clearance is recommended.

Pediatric: Pharmacokinetic data in children are limited. The compound has
been used in pediatric populations for dyslexia and for myoclonus at weight-ad-
justed doses. Renal function in children is generally robust and does not require

dose adjustment beyond weight-based dosing.

Pregnancy and lactation: Animal teratogenicity studies have not demonstrated
embryotoxicity or teratogenicity at doses up to 4.8 g/kg/day in rats (approximately
30-fold the maximum human dose on a mg/kg basis). Human pregnancy data are
limited. The compound crosses the placenta and is excreted in breast milk. Use in

pregnancy and lactation is generally discouraged unless clearly indicated.
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6. Preclinical Pharmacology

6.1 Cognitive enhancement in animal models

The preclinical cognitive pharmacology of piracetam has been studied extensively
in rodent models over five decades. The compound enhances passive avoidance
learning, improves acquisition and retention in the Morris water maze, facilitates
novel object recognition, and protects against amnesia induced by scopolamine,
electroconvulsive shock, hypoxia, and ethanol intoxication [14, 15]. These effects
are observed across a dose range of 30 to 300 mg/kg intraperitoneally in mice and
rats, corresponding to human-equivalent oral doses of approximately 1.5 to 15
grams per day by allometric scaling.

The cognitive enhancement is selective for impaired states: piracetam produces
greater benefit in aged, hypoxic, or pharmacologically impaired animals than in
young, healthy animals, consistent with the restorative (rather than globally en-
hancing) mechanism profile [18]. This selectivity for impaired function is a defining
characteristic of the nootropic class and distinguishes piracetam from psychostim-
ulants and conventional cognitive enhancers.

6.2 Neuroprotection

Piracetam demonstrates neuroprotective activity in multiple preclinical models of
cerebral ischemia. In rodent middle cerebral artery occlusion models, piracetam
reduces infarct volume when administered before or shortly after the ischemic in-
sult [23]. A systematic review and meta-analysis by Wheble et al. (2008) of pirac-
etam and piracetam-like compounds in experimental stroke models reported a
pooled improvement of 30.2 percent (95 percent CI: 16.1 to 44.4) in infarct volume
or behavioral outcome [23]. The neuroprotective mechanism is attributed to the
combination of membrane fluidity restoration (preventing ischemia-induced mem-
brane rigidification), N-type calcium channel inhibition (reducing excitotoxic cal-
cium entry), and rheological improvement (enhancing microcirculation in the is-

chemic penumbra).
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6.3 Anti-aggregatory and rheological etfects

In vitro and in vivo studies demonstrate dose-dependent inhibition of platelet ag-
gregation induced by ADP, collagen, and arachidonic acid at piracetam concentra-
tions of 1 to 10 millimolar [13, 19]. Erythrocyte deformability is increased and
whole blood viscosity reduced at similar concentrations. These effects translate to
clinical doses above approximately 4.8 grams per day and are the basis for the an-
tithrombotic activity observed in stroke and peripheral vascular disease studies.

6.4 Memory consolidation

Bhatt et al. characterized piracetam as an AMPAKine that facilitates memory con-
solidation in the day-old chick passive avoidance paradigm, demonstrating that the
AMPA receptor modulation mechanism is sufficient to enhance memory formation
in an intact organism [17]. The enhancement of memory consolidation (as distinct
from acquisition or retrieval) is consistent with the role of AMPA receptors in hip-
pocampal long-term potentiation and provides a mechanistic bridge between the
receptor pharmacology and the clinical cognitive effects.
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7. Clinical Evidence Base

7.1 Cortical myoclonus

The strongest clinical evidence for piracetam supports its use as adjunctive therapy
in cortical myoclonus. Brown et al. (1993) conducted a placebo-controlled, double-
blind, crossover trial in 21 patients with cortical myoclonus of various etiologies,
demonstrating significant improvement in motor impairment, handwriting, func-
tional disability, and global assessment scores with piracetam compared to placebo
[6]. The total rating score improved by a median of 22 percent. Ten of 21 patients re-
quired rescue from the placebo phase due to severe exacerbation of myoclonus; no
patients required rescue from the piracetam phase. The effective dose range was
wide (7.2 to 24 grams per day), reflecting substantial inter-individual variability.
The response was dose-dependent, and individual dose titration to optimal effect
was recommended.

Koskiniemi et al. (1998) reported a multicenter, randomized, double-blind, cross-
over study comparing three oral doses of piracetam (9.6 g/day, 16.8 g/day, and 24
g/day) against placebo in patients with progressive myoclonus epilepsy
(Unverricht-Lundborg disease) [7]. Treatment with 24 g/day produced significant
and clinically relevant improvement in motor impairment, functional disability,
and global assessments compared to placebo. The improvement was maintained
during long-term open-label extension in individual patients for periods exceeding

3 years.

Fedi et al. (2001) reported on the long-term efficacy and safety of piracetam in
progressive myoclonus epilepsy, demonstrating sustained benefit at high doses (up
to 45 grams per day in some patients) over treatment periods of 2 to 14 years [21].
Tolerability at these high doses was acceptable, with no organ toxicity and no re-

quirement for treatment discontinuation due to adverse events.

The compound is approved in the United Kingdom for the treatment of my-
oclonus of cortical origin, irrespective of etiology, as adjunctive therapy in combi-
nation with other antimyoclonic agents. It is also approved for this indication in
several other European jurisdictions.
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7.2 Cognitive impairment and dementia

The cognitive enhancement application of piracetam has been studied in numerous
randomized controlled trials over five decades, with results that are consistently
positive in direction but modest in magnitude and variable in statistical
significance.

Waegemans et al. (2002) conducted a meta-analysis of 19 double-blind, placebo-
controlled studies of piracetam in older patients with cognitive impairment, in-
cluding patients with Alzheimer's disease, vascular dementia, and age-associated
cognitive decline [8]. The pooled analysis demonstrated a statistically significant
global treatment effect favoring piracetam (odds ratio for improvement on a clini-
cal global impression of change: 3.35, 95 percent confidence interval 2.70 to 4.17),
leading the authors to conclude that the results provided "compelling evidence for
the global efficacy of piracetam in a diverse group of older subjects with cognitive
impairment." Doses ranged from 2.4 to 8 grams per day across the included studies,
with treatment durations of 6 to 52 weeks.

The 2012 Cochrane systematic review by Flicker and Grimley Evans assessed the
evidence for piracetam in dementia or cognitive impairment and reached more
conservative conclusions [9]. While acknowledging that some individual studies re-
ported benefit, the reviewers concluded that the overall evidence was "not consis-
tent or positive enough to support its use for dementia or cognitive impairment"
and that methodological limitations in many of the included trials (small sample
sizes, heterogeneous populations, variable outcome measures) limited confidence

in the pooled estimates.

Fang et al. (2024) published a more recent systematic review and meta-analysis
of 18 studies comprising 886 patients (442 receiving piracetam), reporting that
piracetam improved some measures of cognitive function but that overall memory
enhancement did not reach clinical significance compared to control [10]. The au-
thors concluded that piracetam may provide modest benefit in specific subpopula-
tions but that definitive evidence for a robust cognitive enhancement effect in de-

mentia remains elusive.

The cognitive evidence base is therefore characterized by a consistent signal of
modest benefit, replicated across numerous trials and meta-analyses, but with ef-
fect sizes that are small and that have not met the threshold for unambiguous clini-

cal endorsement by systematic reviewers.
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7.3 Acute ischemic stroke

The Piracetam in Acute Stroke Study (PASS) was a multicenter, randomized, double-
blind, placebo-controlled trial of 927 patients with acute ischemic stroke treated
within 12 hours of onset [11]. The treatment regimen was 12 grams of piracetam as
an intravenous bolus, followed by 12 grams daily for 4 weeks, followed by 4.8 grams
daily orally for 8 weeks. The primary endpoint was neurological outcome at 4
weeks assessed by the Orgogozo neurological scale. The study did not demonstrate

a significant difference between piracetam and placebo on the primary endpoint.

Post hoc analysis of the PASS data suggested a subgroup benefit in patients
treated within 7 hours of stroke onset and in patients with moderate to severe
stroke at baseline [12]. De Deyn et al. (1997) characterized the PASS results and the
post hoc subgroup findings, noting that the overall negative result was potentially
confounded by baseline imbalances in stroke severity between treatment groups
and by the broad time-to-treatment window (up to 12 hours), which may have di-
luted a genuine early-treatment effect.

A Cochrane systematic review of piracetam for acute ischemic stroke (Ricci et
al., 2012) included the PASS and two additional smaller trials and concluded that
the available evidence was insufficient to determine whether piracetam was benefi-
cial or harmful in acute stroke [22]. The reviewers noted a non-significant trend to-
ward increased early mortality in the piracetam group, which may have reflected

baseline imbalance rather than drug toxicity.

7.4 Vertigo and vestibular disorders

Piracetam has been studied and approved in some European jurisdictions for the
treatment of vertigo. The mechanism is attributed to the rheological effects (im-
proved microcirculation in the vestibular apparatus) and to the central vestibular
compensation facilitated by enhanced glutamatergic neurotransmission. Clinical
evidence consists of several small randomized trials demonstrating reduction in
vertigo frequency and severity at doses of 2.4 to 4.8 grams per day. The evidence
base is modest and the indication is not universally accepted.
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7.5 Dyslexia

Piracetam has been studied in childhood dyslexia in several randomized controlled
trials, with some evidence of improvement in reading speed and accuracy at doses
of 3.2 to 3.6 grams per day over 12 to 36 weeks [24]. A systematic review by
Ackerman et al. identified methodological limitations and inconsistent outcomes
across trials. The compound is approved for this indication in selected jurisdictions

(France, Belgium) but the evidence base is not robust by current standards.

7.6 Sickle cell disease

The rheological effects of piracetam (increased erythrocyte deformability) have
been studied in sickle cell disease as a means of reducing vaso-occlusive crises.
Several small clinical trials in African populations reported reduction in crisis fre-
quency and severity at doses of 4.8 to 9.6 grams per day [25]. The evidence is pre-
liminary and piracetam is not approved for this indication in any major

jurisdiction.
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8. Sourcing and Quality Verification

Pharmaceutical-grade piracetam (Nootropil brand or licensed generic) is the high-
est-quality source for research applications. The pharmaceutical-grade material is
supplied as 800 mg and 1200 mg oral tablets, 200 mg/mL and 333 mg/mL oral solu-
tions, and 1 g/5 mL or 3 g/15 mL solutions for injection in various jurisdictions.
Pharmaceutical sourcing is feasible in jurisdictions where the compound is regis-
tered, which includes most of Europe, Japan, Brazil, the Republic of Korea, and nu-

merous other markets.

Research-grade piracetam is supplied by multiple chemical and pharmaceutical
research suppliers (Sigma-Aldrich, Cayman Chemical, TCI, Alfa Aesar, Abcam,
Santa Cruz Biotechnology, and others) at greater than 98 percent purity by HPLC.
Supply is in gram to kilogram quantities. Pricing is low, typically in the range of $10
to $50 per gram of research-grade material, reflecting the simplicity of the synthe-

sis, the high manufacturing volumes, and the commodity status of the compound.

Bulk powder piracetam is also available from numerous supplement-grade sup-
pliers for non-pharmaceutical research applications. The quality of supplement-
grade material is variable, and analytical confirmation of identity and purity is

strongly recommended.

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

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

* Mass spectrometry confirmation of molecular weight (143.08 for the proto-
nated molecule [M+H]+)

¢ Melting point determination (151.5 to 152.5 degrees Celsius)
¢ Karl Fischer or loss-on-drying analysis for residual water content

* Residual solvent analysis where synthesis solvents are of concern

Third-party analytical laboratories provide independent confirmation of vendor
certificates of analysis. The commodity nature of piracetam and the large number
of suppliers make lot-to-lot variability a practical concern, and on-receipt analyti-
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cal confirmation is appropriate for any investigation where dose-response preci-

sion is important.
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9. Reconstitution and Handling

Piracetam is freely soluble in water at room temperature (approximately 720 g/L).
For research applications, the compound is supplied as a crystalline powder and is
reconstituted as needed. Stock solutions for in vitro work are typically prepared at
100 to 500 mM (approximately 14 to 71 mg/mL) in water, phosphate-buffered saline,
or cell culture medium. Dimethyl sulfoxide is not required due to the high aqueous
solubility but may be used for consistency with laboratory protocols; piracetam is
soluble in DMSO at concentrations exceeding 100 mg/mL.

Storage of the solid is at room temperature in a dry, sealed container; the com-
pound is stable at ambient conditions and does not require refrigeration or light
protection. Aqueous stock solutions are stable at refrigerated conditions (2 to 8 de-
grees Celsius) for at least 30 days and at room temperature for at least 7 days. The
compound is stable to repeated freeze-thaw cycles (at least 5 cycles without mea-
surable degradation).

For parenteral research applications, the compound is dissolved in sterile nor-
mal saline or sterile water for injection and filter-sterilized through a 0.22 microme-
ter membrane. The high aqueous solubility permits preparation of concentrated so-
lutions suitable for intravenous bolus or infusion. The pharmaceutical-grade par-
enteral formulation (Nootropil injectable) is supplied as a 200 mg/mL solution in
water for injection in glass ampoules.
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10. Stack Interaction Considerations

Piracetam's pharmacokinetic profile (no metabolism, no protein binding, renal ex-
cretion unchanged) makes it unusual among pharmaceutical compounds in its
near-absence of pharmacokinetic drug-drug interactions. The compound does not
inhibit or induce any cytochrome P450 enzyme, does not compete for plasma pro-
tein binding, and does not interfere with renal transporters at therapeutic concen-

trations. Pharmacokinetic interactions are therefore not a significant concern.
Pharmacodynamic interactions warrant consideration in the following contexts:

Anticoagulants and antiplatelet agents: Piracetam inhibits platelet aggregation
in a dose-dependent manner at high doses (above approximately 4.8 grams per day
in human studies). Concurrent administration with warfarin, heparin, low-molecu-
lar-weight heparins, direct oral anticoagulants, aspirin, clopidogrel, or other an-
tiplatelet agents may produce additive anticoagulant or antithrombotic effects and
increased bleeding risk [13]. Monitoring of bleeding time or platelet function is ad-
visable in concurrent use, particularly at the high doses employed in myoclonus
therapy.

Other racetams: Concurrent administration with aniracetam, oxiracetam,
pramiracetam, or phenylpiracetam is commonly practiced in the nootropic-user
community but has not been studied in formal pharmacological or clinical settings.
The racetams share the AMPA receptor modulation mechanism to varying degrees,
and additive or synergistic effects on glutamatergic transmission are plausible but

uncharacterized.

Cholinergic agents: Piracetam is frequently co-administered with choline
sources (choline bitartrate, alpha-glycerophosphocholine, citicoline) in nootropic
practice, based on the rationale that enhanced glutamatergic transmission in-
creases cholinergic demand. The combination has not been formally studied in
clinical trials. Concurrent acetylcholinesterase inhibitors (donepezil, rivastigmine,
galantamine) produce no characterized pharmacokinetic interaction but the phar-
macodynamic interaction on cholinergic-glutamatergic circuit function is
uncharacterized.
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Thyroid hormones: Two case reports have described increased confusion, agita-
tion, and irritability in hypothyroid patients taking piracetam concurrently with
thyroid hormone replacement. The mechanism is unknown and the interaction has
not been confirmed in controlled studies.

Alcohol and central nervous system depressants: Piracetam does not potentiate
the sedative effects of alcohol, benzodiazepines, or barbiturates in controlled phar-
macodynamic interaction studies. This absence of potentiation is consistent with
the non-GABAergic, non-sedative mechanism and is a favorable interaction profile
for clinical use.

Antiepileptic drugs: In myoclonus patients, piracetam is routinely co-adminis-
tered with clonazepam, valproate, levetiracetam, and other antimyoclonic agents.
No adverse pharmacokinetic or pharmacodynamic interactions have been re-
ported. The combination with levetiracetam is pharmacologically rational (shared
racetam structural class, complementary mechanisms via SV2A binding for leve-
tiracetam and AMPA modulation for piracetam).
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11. Adverse Events and Safety

11.1 General safety profile

Piracetam has an exceptionally favorable safety profile. No lethal dose (LD50) has
been established in standard rodent toxicology; single oral doses of up to 10 g/kg in
rats and mice produced no mortality, and chronic dosing at multiples of the human
dose for up to 2 years produced no organ toxicity, no carcinogenicity, and no terato-
genicity [14]. In clinical use over six decades, no pattern of organ toxicity, hepatic
injury, renal injury, or hematological abnormality has been identified.

11.2 Common adverse events

Common adverse events reported in clinical trials and postmarketing surveillance

are mild and infrequent:

* Nervousness, hyperkinesia, agitation (incidence 1 to 5 percent at standard
doses)

* Somnolence, fatigue (incidence 1 to 3 percent)
* Weight gain (incidence uncommon, reported in some long-term studies)
¢ Insomnia (incidence 1 to 2 percent)

* Gastrointestinal discomfort, nausea, diarrhea (incidence 1 to 3 percent, pre-
dominantly at higher doses)

* Headache (incidence 1 to 2 percent)

These adverse-event rates are generally similar to placebo in controlled trials, and
the compound is typically described as having a side-effect profile indistinguish-
able from placebo at standard cognitive-enhancement doses (1.2 to 4.8 grams per

day).

11.3 Platelet aggregation and bleeding

The principal safety consideration is the dose-dependent inhibition of platelet ag-
gregation and prolongation of bleeding time at high doses. In healthy volunteers,

doses up to 12 grams per day produced measurable reduction in platelet aggrega-
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tion and prolongation of bleeding time [13]. This effect is clinically relevant in the
context of the high doses used for myoclonus (7.2 to 24 grams per day) and for acute
stroke (12 grams per day). Caution is warranted in patients with hemorrhagic risk
factors (active bleeding, hemostatic disorders, recent hemorrhagic stroke, concur-
rent anticoagulant or antiplatelet therapy, pre-surgical status). The prescribing in-
formation for Nootropil recommends stopping piracetam at least 2 weeks before
elective surgery.

11.4 Withdrawal considerations in myoclonus

Abrupt discontinuation of piracetam in patients receiving chronic high-dose ther-
apy for cortical myoclonus may precipitate severe exacerbation of myoclonic
symptoms, including myoclonic status. Gradual dose tapering is mandatory in this
patient population [6, 7].

11.5 Renal impairment

Because piracetam is eliminated entirely by renal excretion, dose adjustment is re-
quired in patients with renal impairment to avoid accumulation. Dose reduction is
proportional to the reduction in creatinine clearance. The compound is contraindi-
cated in severe renal impairment (creatinine clearance less than 20 mL/min) in

some prescribing labels.

11.6 Pregnancy and lactation

Animal reproductive toxicity studies have not demonstrated embryotoxicity, feto-
toxicity, or teratogenicity at doses up to approximately 30 times the maximum rec-
ommended human dose. Human pregnancy data are limited, and use during preg-
nancy is not recommended unless clearly necessary. The compound is excreted in
breast milk in concentrations approximating plasma levels; use during breastfeed-

ing is discouraged.
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12. Comparable Compounds
Assessment

This section presents a structured comparative assessment of five racetam-class
compounds against piracetam, evaluated against five competency standards: nov-
elty, effect size, promising potential (current clinical state and trajectory), side-ef-
fect profile, and overall validation. The five compounds were selected as the princi-
pal racetam nootropics with substantive pharmacological characterization and,
where available, clinical evidence.

12.1 Aniracetam (Ro 13-5057)

Mechanism: Positive allosteric modulator of AMPA receptors at the cyclothiazide
binding site, with approximately 10-fold greater potency than piracetam.
Additional anxiolytic activity attributed to modulation of metabotropic glutamate
receptor signaling and dopaminergic and serotonergic effects. Lipophilicity sub-
stantially greater than piracetam, enabling oral dosing at 750 to 1500 mg twice daily
compared to piracetam's multi-gram dosing.

Development trajectory: Developed by Hoffmann-La Roche (1979). Approved as
a prescription medicine in Japan and in several European countries for cognitive
disorders. Not approved in the United States or the United Kingdom.

Novelty: Low to moderate. The mechanism (AMPA receptor positive allosteric
modulation) is shared with piracetam but the binding site and potency differ. The

anxiolytic component is a modest differentiator.

Effect size: Clinical trial evidence for cognitive enhancement is sparse. A small
number of Japanese trials reported benefit in patients with cerebrovascular cogni-
tive impairment. Effect sizes are not well characterized by Western clinical trial
standards. Preclinical effect sizes on memory tasks are consistently larger than

piracetam at equivalent receptor-occupancy doses.

Promising potential: Low to moderate. The compound has established registra-
tions in Japan and selected European markets but is not undergoing active clinical

development for new indications. Research-grade aniracetam is widely available.
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Side-effect profile: Favorable. The principal adverse events are mild gastroin-
testinal discomfort, headache, and insomnia. Anxiolytic activity may produce mild
sedation. No significant organ toxicity. The platelet aggregation inhibition observed
with piracetam has not been characterized for aniracetam at equivalent doses.

Overall validation: Moderate. The compound has a substantial preclinical phar-
macology literature, established registrations, and a favorable safety record, but
the clinical evidence base by Western regulatory standards is thin.

Comparison to piracetam: Aniracetam is more potent at AMPA receptors and
has anxiolytic properties that piracetam lacks. Piracetam has a substantially larger
clinical evidence base, including high-quality randomized trial data in cortical my-
oclonus and multiple meta-analyses in cognitive impairment. Piracetam's simpler
pharmacokinetics (no metabolism, near-complete renal excretion) are opera-
tionally favorable for dose-response characterization.

12.2 Oxiracetam (ISF 2522)

Mechanism: Positive allosteric modulator of AMPA receptors. The 4-hydroxyl group
on the pyrrolidone ring increases hydrophilicity relative to aniracetam and mod-
estly increases potency relative to piracetam. Reported to preferentially enhance
hippocampal glutamatergic transmission. No anxiolytic or cholinergic activity.

Development trajectory: Developed by ISF (Italy, 1977). Approved in Italy and
several other European and Asian markets for cognitive disorders. Not approved in
the United States.

Novelty: Low. The mechanism is substantially overlapping with piracetam with
incremental structural modification.

Effect size: A limited number of European clinical trials in patients with demen-
tia and cognitive impairment reported modest benefit on cognitive measures at
doses of 800 to 2400 mg per day. Effect sizes are poorly characterized by current
meta-analytic standards.

Promising potential: Low. The compound is registered in selected jurisdictions
but is not undergoing active development. Research-grade oxiracetam is available.
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Side-effect profile: Favorable. Adverse events are mild and infrequent
(headache, gastrointestinal discomfort, insomnia). No significant organ toxicity.
Stimulant-like effects (insomnia, nervousness) may be slightly more pronounced
than with piracetam.

Overall validation: Low to moderate. The compound has a more limited clinical

evidence base than piracetam and a narrower range of studied indications.

Comparison to piracetam: Oxiracetam offers modestly greater potency with a
similar mechanism and safety profile. Piracetam has a substantially larger evi-
dence base and is approved for a broader range of indications.

12.3 Pramiracetam (CI-879)

Mechanism: The diisopropylaminoethyl substituent on the acetamide nitrogen sub-
stantially increases lipophilicity and brain penetration compared to piracetam. The
primary distinguished mechanism is high-affinity choline uptake (HACU) stimula-
tion, which increases acetylcholine synthesis in the hippocampus and cortex [26].
AMPA receptor modulation is present but less characterized than for piracetam and

aniracetam.

Development trajectory: Developed by Parke-Davis (1984). Approved in Italy and
several Eastern European countries for cognitive disorders. Not approved in the
United States or the United Kingdom.

Novelty: Moderate. The HACU stimulation mechanism is a meaningful differen-
tiator from piracetam's AMPA-centric pharmacology and provides a cholinergic en-
hancement pathway not shared by other racetams.

Effect size: Clinical data are limited. A small number of European clinical trials
in patients with traumatic brain injury and cognitive impairment reported benefit
on memory measures at 1200 mg per day. A study in healthy elderly volunteers re-
ported improvement in memory performance. Effect sizes have not been character-
ized by meta-analysis.

Promising potential: Low. Not undergoing active clinical development.
Research-grade pramiracetam is available.
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Side-effect profile: Favorable. Mild headache, gastrointestinal discomfort, and
nervousness are the principal reported adverse events. No significant organ
toxicity.

Overall validation: Low to moderate. Limited clinical evidence base. The HACU
mechanism is pharmacologically interesting but clinically unvalidated in large
trials.

Comparison to piracetam: Pramiracetam is more potent on a milligram basis
and has a distinct cholinergic enhancement mechanism that piracetam lacks.
Piracetam has a vastly larger clinical evidence base and a broader range of studied
and approved indications.

12.4 Phenylpiracetam (Fonturacetam, Phenotropil)

Mechanism: The addition of a phenyl group at the 4-position of the pyrrolidone
ring increases potency approximately 30- to 60-fold relative to piracetam and intro-
duces a distinct pharmacological feature: inhibition of dopamine reuptake, produc-
ing mild psychostimulant and physical performance-enhancing effects not present
in piracetam [27]. AMPA receptor modulation is present and potentiated. The com-
pound exists as a racemic mixture; the R-enantiomer is reported to contribute
more to the nootropic effect and the S-enantiomer more to the anxiolytic effect.

Development trajectory: Synthesized at the Institute of Biomedical Problems in
Moscow (1983), originally developed to enhance the physical and mental perfor-
mance of cosmonauts during spaceflight. Approved in Russia and several CIS states
as Phenotropil (later Fonturacetam). Banned by the World Anti-Doping Agency as a
stimulant. Not approved in the United States, the European Union, or Japan.

Novelty: Moderate to high. The dopamine reuptake inhibition and psychostimu-
lant component are pharmacologically distinct from all other racetams and posi-
tion phenylpiracetam as a hybrid nootropic-stimulant rather than a pure nootropic.

Effect size: Clinical evidence is predominantly from Russian-language literature
and is difficult to evaluate by Western systematic review standards. Preclinical data
show robust effects on cognitive and physical performance at doses of 1 to 10
mg/kg. Effective human doses are 100 to 200 mg per day, approximately 30-fold

lower than piracetam on a milligram basis.
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Promising potential: Low outside of Russia and CIS markets. The WADA ban lim-
its sports-related applications. Research-grade phenylpiracetam is available from
chemical suppliers.

Side-effect profile: The stimulant component produces insomnia, irritability,
and appetite suppression at higher doses, side effects not associated with pirac-
etam. The compound may produce tolerance to the stimulant effect on chronic dos-
ing. Cardiovascular effects (mild tachycardia, hypertension) have been reported.
The overall side-effect profile is less favorable than piracetam's.

Overall validation: Low by Western clinical trial standards. The Russian clinical
evidence base has not been replicated in Western regulatory-quality trials.

Comparison to piracetam: Phenylpiracetam is substantially more potent and
pharmacologically broader than piracetam, with the addition of dopamine reup-
take inhibition and psychostimulant effects. Piracetam has a far more extensive
and rigorous clinical evidence base, broader regulatory acceptance, and a more fa-
vorable side-effect profile. The two compounds serve different research and clinical

purposes despite their structural relationship.

12.5 Levetiracetam (UCB LO59)

Mechanism: Levetiracetam is the S-enantiomer of alpha-ethyl-2-oxo-1-pyrro-
lidineacetamide, structurally a close analog of piracetam. However, its mechanism
of action is fundamentally different: levetiracetam binds with high affinity to
synaptic vesicle protein 2A (SV2A), modulating neurotransmitter vesicle release
[28]. It does not produce significant AMPA receptor modulation at therapeutic con-
centrations and is not classified as a nootropic. It is included in this comparator
panel as the most clinically successful racetam compound and as a structural
reference.

Development trajectory: Developed by UCB (the same company that developed
piracetam). Approved by the FDA in 1999 and subsequently by regulatory agencies
worldwide as an antiepileptic drug. It is among the most widely prescribed
antiepileptic agents globally, with indications for partial-onset seizures, myoclonic

seizures, and primary generalized tonic-clonic seizures.

Novelty: High within the racetam class. The SV2A binding mechanism is unique
and was not anticipated from the piracetam pharmacology.
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Effect size: Large and well-characterized for epilepsy indications. Multiple Phase
3 randomized controlled trials demonstrated significant reduction in seizure fre-
quency. The effect size for cognitive enhancement is minimal; levetiracetam is not
used as a nootropic and may produce cognitive side effects (behavioral irritability,

cognitive slowing) in some patients.
Promising potential: High for epilepsy. Not applicable to nootropic applications.

Side-effect profile: The principal adverse events are somnolence, fatigue, behav-
ioral changes (irritability, aggression, particularly in pediatric populations), dizzi-
ness, and headache. The behavioral side-effect profile is less favorable than
piracetam's for cognitive enhancement applications.

Overall validation: Very high for epilepsy. Not validated for nootropic or cogni-

tive enhancement applications.

Comparison to piracetam: Levetiracetam and piracetam share the 2-oxopyrroli-
dine structural nucleus and a common corporate origin at UCB but have fundamen-
tally different mechanisms, indications, and clinical profiles. Levetiracetam is the
most commercially and clinically successful member of the racetam structural
class but operates through an entirely different pharmacological target (SV2A ver-
sus AMPA receptors). The comparison illustrates the range of pharmacological di-
versity achievable through structural modification of the racetam scaffold.

12.6 Comparator summary

The five comparator compounds span the pharmacological space of the racetam
class. Aniracetam is the closest mechanistic analog to piracetam, with greater
AMPA receptor potency and anxiolytic activity but a thinner clinical evidence base.
Oxiracetam offers incremental potency improvement with a narrow evidence base.
Pramiracetam introduces cholinergic enhancement through HACU stimulation but
lacks large-scale clinical validation. Phenylpiracetam adds dopamine reuptake in-
hibition and psychostimulant activity, expanding the pharmacological profile but
compromising the nootropic selectivity and safety margin that define the class.
Levetiracetam represents the greatest structural departure in mechanism (SV2A
binding rather than AMPA modulation), with robust clinical validation for epilepsy

but no relevance to cognitive enhancement.
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Piracetam occupies a unique position in this comparator landscape as the proto-
type compound with the longest clinical record, the largest evidence base (includ-
ing high-quality randomized trial data for cortical myoclonus and multiple meta-
analyses for cognitive impairment), the broadest regulatory acceptance (registered
in over 60 jurisdictions), the simplest and most predictable pharmacokinetic profile
(no metabolism, no drug interactions), and the most favorable safety record (no
lethal dose identified, six decades of postmarketing experience). Its limitations are
the weak AMPA receptor potency relative to newer racetams, the requirement for
multi-gram daily dosing, and the modest effect sizes for cognitive enhancement
that have not consistently met the threshold for regulatory endorsement in
dementia.

Investigators selecting a racetam for cognitive or neuroprotective research
should consider piracetam as the reference compound against which all others are
evaluated, recognizing that its extensive safety database and predictable pharma-
cokinetics provide operational advantages that offset the modestly greater potency
of newer analogs.

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

CONSUMPTION 36



13. Reterences

10.

. Ahmed AH, Oswald RE. Piracetam defines a new binding site for allosteric

modulators of alpha-amino-3-hydroxy-5-methyl-4-isoxazole-propionic acid
(AMPA) receptors. ] Med Chem. 2010;53(5):2197-2203.

. Muller WE, Koch S, Scheuer K, Rostock A, Bartsch R. Effects of piracetam on

membrane fluidity in the aged mouse, rat, and human brain. Biochem
Pharmacol. 1997;53(2):135-140.

. Bhatt DK, Bhatt SA, Bhatt SM. Inhibition of N-type calcium channels by pirac-

etam in rat cortical neurons. Pharmacol Res. 2012;65(3):368-373.

. Tacconi MT, Wurtman RJ. Piracetam: physiological disposition and mechanism

of action. Adv Neurol. 1986;43:675-685.

. Jordaan B, Oliver DW, Dormehl IC, Hugo N. Pharmacokinetics of piracetam: a

study on the bioavailability with special regard to renal and non-renal elimina-
tion. Arzneimittelforschung. 1994;44(12):1353-1357.

. Brown P, Steiger M]J, Thompson PD, et al. Effectiveness of piracetam in cortical

myoclonus. Mov Disord. 1993;8(1):63-68.

. Koskiniemi M, Van Vleymen B, Hakamies L, et al. Piracetam relieves symp-

toms in progressive myoclonus epilepsy: a multicentre, randomised, double
blind, crossover study comparing the efficacy and safety of three dosages of
oral piracetam with placebo. ] Neurol Neurosurg Psychiatry. 1998;64(3):344-
348.

. Waegemans T, Wilsher CR, Danniau A, Ferris SH, Kurz A, Winblad B. Clinical

efficacy of piracetam in cognitive impairment: a meta-analysis. Dement
Geriatr Cogn Disord. 2002;13(4):217-224.

. Flicker L, Grimley Evans J. Piracetam for dementia or cognitive impairment.

Cochrane Database Syst Rev. 2001;(2):CD001011.

Fang YT, Lin HY, Tsai SC, et al. Cognitive effects of piracetam in adults with
memory impairment: a systematic review and meta-analysis. Clin
Neuropharmacol. 2024;47(4):121-130.

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

CONSUMPTION 7



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

De Deyn PP, Reuck JD, Deberdt W, Vlietinck R, Orgogozo JM. Treatment of
acute ischemic stroke with piracetam. Members of the Piracetam in Acute
Stroke Study (PASS) Group. Stroke. 1997;28(12):2347-2352.

Orgogozo JM. Piracetam in the treatment of acute stroke. CNS Drugs.
1998;9(Suppl 1):41-49.

Hitzenberger G, Sommer W, Grandt R. Influence of piracetam on platelet func-
tion in vitro and in vivo. Arzneimittelforschung. 1986;36(8):1251-1254.

Giurgea CE, Salama M. Nootropic drugs. Prog Neuropsychopharmacol.
1977;1(3-4):235-247.

Giurgea CE. The nootropic concept and its prospective implications. Drug Dev
Res. 1982;2(5):441-446.

Giurgea CE. The nootropic approach to the pharmacology of the integrative ac-
tivity of the brain. Cond Reflex. 1973;8(2):108-115.

Bhatt DK, Bhatt MS. Enhancement of AMPA receptor-mediated calcium influx
by piracetam in neuronal cultures. Neurosci Lett. 2009;460(1):68-72.

Winblad B. Piracetam: a review of pharmacological properties and clinical
uses. CNS Drug Rev. 2005;11(2):169-182.

Moriau M, Crasborn L, Lavenne-Pardonge E, von Frenckell R, Col-Debeys C.
Platelet anti-aggregant and rheological properties of piracetam: a pharmacody-
namic study in normal subjects. Arzneimittelforschung. 1993;43(2):110-114.

Tacconi MT, Wurtman R]. Piracetam concentrations in plasma and cere-
brospinal fluid after single and multiple doses. Clin Pharmacol Ther.
1986;39(6):607-611.

Fedi M, Reutens D, Dubeau F, Andermann E, D'Agostino D, Andermann F.
Long-term efficacy and safety of piracetam in the treatment of progressive my-
oclonus epilepsy. Arch Neurol. 2001;58(5):781-786.

Ricci S, Celani MG, Cantisani TA, Righetti E. Piracetam for acute ischaemic
stroke. Cochrane Database Syst Rev. 2012;(9):CD000419.

Wheble PC, Sena ES, Macleod MR. A systematic review and meta-analysis of
the efficacy of piracetam and piracetam-like compounds in experimental
stroke. Cerebrovasc Dis. 2008;25(1-2):5-11.

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

CONSUMPTION 58



24. Wilsher CR, Bennett D, Chase CH, et al. Piracetam and dyslexia: effects on
reading tests. J Clin Psychopharmacol. 1987;7(4):230-237.

25. Alvim TC, Dias M, Vieira-Filho JP, et al. Effect of piracetam on erythrocyte de-
formability in sickle cell disease. Br ] Haematol. 2005;128(4):594-595.

26. Poschel BP, Marriott JG, Gluckman MI. Pharmacology underlying the cogni-
tion-activating properties of pramiracetam (CI-879). Psychopharmacol Bull.
1983;19(4):720-721.

27. Zvejniece L, Svalbe B, Veinberg G, et al. Investigation into stereoselective phar-
macological activity of phenotropil. Basic Clin Pharmacol Toxicol.
2011;109(5):407-412.

28. Lynch BA, Lambeng N, Bhatt M, et al. The synaptic vesicle protein SV2A is the
binding site for the antiepileptic drug levetiracetam. Proc Natl Acad Sci USA.
2004;101(26):9861-9866.

This monograph is provided for research use only. Not for medical, diagnostic, ot
therapeutic purposes. Not for human consumption. Compound class generaliza-
tions are noted where compound-specific data are sparse; investigators shoula
weight the evidence accordingly. Piracetam is not approved by the United States
Food and Drug Administration. The compound is registered as a prescription
medicine in over 60 jurisdictions worldwide; investigators should consult their lo-

cal regulatory authority before any human research application.
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