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ABSTRACT

Acetyl-L-carnitine (ALCAR, ALC, levacecarnine), the acetyl ester
of the endogenous quaternary ammonium compound L-carnitine,
is a naturally occurring metabolic intermediate synthesized
intramitochondrially by carnitine acetyltransferase in essentially
all human tissues including brain, liver, heart, kidney, and skeletal
muscle. The compound occupies a unique pharmacological
position as both an endogenous metabolite with defined
physiological roles in mitochondrial energy metabolism and a
supplemental or therapeutic agent with a clinical evidence base
spanning peripheral neuropathy, major depressive disorder, mild
cognitive impairment, Alzheimer disease, and age-related
mitochondrial dystunction. Unlike L-carnitine itself, the
acetylated form crosses the blood-brain barrier with substantially
greater efficiency and serves as a direct donor of acetyl groups for
the synthesis of acetylcholine through the coupled activity of
carnitine acetyltransferase and choline acetyltransterase in
cholinergic neurons, a property that underwrites much of its
central nervous system pharmacology. The molecular
pharmacology of ALCAR extends beyond the classical
mitochondrial shuttle function. The compound acts as an
epigenetic modulator through acetylation of the p65/RelA subunit
of the NF-kappaB transcription factor and of histones H3 and H4,
leading to upregulation of type 2 metabotropic glutamate (mGluZ2)
receptor expression at nerve terminals and producing a
mechanistically distinct analgesic effect that is not shared by non-
acetylated L-carnitine. This epigenetic mechanism, first
characterized in models of chronic neuropathic pain, is the
molecular basis for the sustained analgesic activity observed in
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clinical neuropathy trials. ALCAR additionally increases the
synthesis and utilization of nerve growth factor (NGF) in the
central and peripheral nervous system and promotes peripheral
nerve fiber regeneration, properties demonstrated in both aged-
animal models and in clinical sural nerve morphometry. The
clinical evidence base is substantial. Two large randomized
placebo-controlled trials (total intention-to-treat population 1,257
patients) demonstrated that ALCAR at 1,500 to 3,000 mg per day
over 52 weeks significantly improved pain scores, nerve fiber
regeneration on sural nerve biopsy, and vibratory perception in
patients with established diabetic peripheral neuropathy. A
systematic review and meta-analysis of randomized controlled
trials in peripheral neuropathic pain confirmed significant pain
reduction across diabetic, HIV-associated antiretroviral toxic, and
chemotherapy-induced neuropathy subtypes. In major depressive
disorder, a 2018 meta-analysis of 12 randomized controlled trials
(total 791 participants) reported ALCAR supplementation to be
significantly superior to placebo and comparably effective to
established antidepressants (fluoxetine, amisulpride) with
substantially fewer adverse events. A contemporaneous cross-
sectional biomarker study identified plasma ALCAR deficiency as
a correlate of major depressive disorder severity and earlier age ot
onset. In mild cognitive impairment and early Alzheimer disease, a
meta-analysis of double-blind randomized controlled trials
reported a significant advantage for ALCAR over placebo on
clinical global impression scales and psychometric testing, though
effect sizes were modest and a Cochrane review in the same period
concluded that the evidence was insufficient to recommend
clinical use. Pharmacokinetics of oral ALCAR are characterized by
low bioavailability (less than 10 percent at supplement doses of 0.5
to 1.5 grams, and 14 to 18 percent for L-carnitine at similar doses),
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with the majority of unabsorbed material subject to gut microbial
metabolism to trimethylamine and subsequent hepatic oxidation
to trimethylamine N-oxide (TMAQ), a metabolite associated in
epidemiological studies with cardiovascular risk. The compound
is generally well tolerated at oral doses of 1.5 to 3.0 grams per day;
the principal adverse events are mild gastrointestinal disturbance,
a fishy body odor attributable to trimethylamine production, and
insomnia at higher doses. This monograph reviews the chemistry,
biosynthesis, and stereochemistry of ALCAR; the mitochondrial,
cholinergic, neurotrophic, and epigenetic mechanisms in
molecular detail; the comprehensive pharmacokinetic profile
including TMAO considerations; the clinical evidence base across
neuropathy, depression, cognition, and aging indications; sourcing
and quality verification; reconstitution and handling; stack
interactions; adverse events; and a structured comparative
assessment of five alternative neuroprotective or
neuroregenerative compounds against ALCAR on five competency
standards.
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1. Compound Identitication

1.1 Names, synonyms, and registry identifiers

International Nonproprietary Name: Levacecarnine.

Common names: Acetyl-L-carnitine, ALCAR, ALC, acetylcarnitine, L-acetylcarni-
tine, O-acetyl-L-carnitine, LAC.

Marketed names: Nicetile (Sigma-Tau, Italy), Branigen (marketed in several
European jurisdictions), ST-200 (development code, Sigma-Tau). Generic acetyl-L-
carnitine is widely available as a dietary supplement in the United States, the
European Union, Japan, and other jurisdictions.

Chemical Abstracts Service registry numbers: 3040-38-8 (inner salt, zwitterionic
form), 5080-50-2 (hydrochloride salt). The inner salt is the endogenous form; the hy-
drochloride is the common supplemental and pharmaceutical preparation.

International Union of Pure and Applied Chemistry name: (R)-3-acetyloxy-4-
(trimethylazaniumyl)butanoate. The compound is the O-acetyl ester at the 3-hy-
droxyl position of L-carnitine [(R)-3-hydroxy-4-(trimethylazaniumyl)butanoate].

PubChem CID: 7045767.

1.2 Structural class and chemistry

Acetyl-L-carnitine is a short-chain acylcarnitine, specifically the acetyl (C2) ester of
L-carnitine, a quaternary ammonium compound derived biosynthetically from the
amino acids lysine and methionine. The structural class places it within the acyl-
carnitine family, a large group of carnitine esters (C2 through C22 and beyond) that
serve as intermediates in mitochondrial fatty acid beta-oxidation and as shuttles
for acyl groups across the inner mitochondrial membrane.

Molecular formula: COH17NO4 (inner salt/zwitterion).
Exact mass: 203.1158 g/mol (monoisotopic).

Molecular weight: 203.24 g/mol (inner salt); 239.70 g/mol (hydrochloride salt).
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Physical properties: White to off-white hygroscopic crystalline powder. Freely
soluble in water; soluble in methanol and ethanol; sparingly soluble in acetone;
practically insoluble in diethyl ether. The hydrochloride salt is the standard com-
mercial form for both supplement and pharmaceutical applications. Melting point
of the hydrochloride salt is approximately 187 to 190 degrees Celsius.

Stereochemistry: ALCAR contains one stereocenter at carbon 3 of the butanoate
backbone and is supplied as the single (R)-enantiomer, corresponding to the natu-
rally occurring L-configuration. The (S)-enantiomer (D-acetylcarnitine) is not a
physiological metabolite and is pharmacologically inactive or antagonistic in carni-
tine transport systems. Supplemental and pharmaceutical material should be con-
firmed as the pure L-form; racemic (DL) preparations have been associated with re-
duced efficacy and potential competitive inhibition of endogenous L-carnitine
transport. Investigators should confirm enantiomeric purity by chiral chromatog-

raphy or polarimetry.

1.3 Biosynthesis and synthesis

ALCAR is an endogenous metabolite synthesized in vivo by the mitochondrial en-
zyme carnitine acetyltransferase (CrAT, EC 2.3.1.7), which catalyzes the reversible
transfer of the acetyl group from acetyl-CoA to the 3-hydroxyl of L-carnitine. The
reaction is:

Acetyl-CoA + L-carnitine <-> CoA + acetyl-L-carnitine

The equilibrium favors ALCAR formation when intramitochondrial acetyl-CoA
concentrations exceed the capacity of the tricarboxylic acid cycle, serving as a buf-
fer that prevents accumulation of excess acetyl-CoA and maintains the free CoA
pool required for continued beta-oxidation and pyruvate dehydrogenase activity

[1].

L-Carnitine itself is biosynthesized from N-epsilon-trimethyllysine through a
four-enzyme pathway requiring trimethyllysine hydroxylase, 3-hydroxy-N-
trimethyllysine aldolase, 4-N-trimethylaminobutyraldehyde dehydrogenase, and
gamma-butyrobetaine hydroxylase. The pathway requires iron (Fe2+), ascorbate
(vitamin C), pyridoxal 5-phosphate (vitamin B6), and nicotinamide adenine dinu-
cleotide (NAD+). The final hydroxylation step occurs principally in liver and kid-
ney; other tissues including brain depend on carnitine uptake from plasma through
the high-affinity organic cation/carnitine transporter OCTN2 (SLC22A5) [2].
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Commercial synthesis of ALCAR for supplemental and pharmaceutical use pro-
ceeds by chemical acetylation of L-carnitine (from fermentation-derived or syn-
thetic sources) with acetic anhydride or acetyl chloride under controlled condi-
tions, followed by purification, salt formation (hydrochloride), and recrystalliza-
tion. Fermentation-derived L-carnitine (produced by Lonza and other manufactur-
ers using engineered microorganisms) is the standard precursor for pharmaceuti-
cal-grade ALCAR; fully synthetic racemic carnitine resolved by chiral separation is

used in some generic preparations.
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2. Abstract

Acetyl-L-carnitine (ALCAR, levacecarnine) is an endogenous acetylated amino acid
derivative that functions as a mitochondrial metabolic cofactor, a cholinergic neu-
rotransmitter precursor, a neurotrophic modulator, and an epigenetic regulator of
gene expression. The compound is distinguished from non-acetylated L-carnitine
by its superior blood-brain barrier penetration, its direct contribution to acetyl-
choline synthesis in cholinergic neurons, and its unique epigenetic analgesic mech-
anism mediated through NF-kappaB p65/RelA acetylation and consequent upregu-
lation of mGlu2 receptor expression [3, 4].

The principal therapeutic and investigational applications of ALCAR span four
domains. In peripheral neuropathy (diabetic, antiretroviral toxic, and chemother-
apy-induced), ALCAR at doses of 1,500 to 3,000 mg per day has demonstrated signif-
icant pain reduction, nerve fiber regeneration, and improvement in vibratory per-
ception across multiple randomized controlled trials, including the two Sima et al.
(2005) 52-week trials totaling 1,257 intention-to-treat patients with established dia-
betic neuropathy [5]. In major depressive disorder, ALCAR supplementation has
shown efficacy comparable to fluoxetine and amisulpride with fewer adverse
events in randomized trials, and a 2018 meta-analysis of 12 trials confirmed signifi-
cant reduction in depressive symptoms versus placebo [6, 7]. Plasma ALCAR defi-
ciency has been identified as a biomarker correlate of depression severity and ear-
lier age of onset [8]. In mild cognitive impairment and Alzheimer disease, meta-an-
alytic evidence supports modest cognitive benefit over placebo, particularly in
early-stage disease, though the Cochrane collaboration has judged the evidence in-
sufficient for definitive clinical recommendation [9, 10]. In age-related mitochon-
drial dysfunction, the combination of ALCAR with alpha-lipoic acid has demon-
strated restoration of mitochondrial membrane potential, ambulatory activity, and
cognitive function in aged animal models, establishing the compound as a candi-

date geroprotective agent [11].

Pharmacokinetics are characterized by limited oral bioavailability at supple-
ment doses, efficient renal tubular reabsorption at physiological concentrations,
CYP-independent hepatic and peripheral metabolism, and significant gut microbial
conversion of unabsorbed material to trimethylamine and its hepatic oxidation
product TMAO. The compound is well tolerated at standard doses; principal ad-
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verse events are gastrointestinal disturbance, fishy body odor, and insomnia. This
monograph documents the complete pharmacological, pharmacokinetic, clinical,
and comparative profile of ALCAR for research applications.
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3. Discovery and Development History

3.1 Origin and early biochemistry

The existence of acetylcarnitine as an endogenous metabolite was established in
the 1950s and 1960s through the work of Friedman and Fraenkel, Fritz, and Bremer,
who characterized the carnitine shuttle system for mitochondrial fatty acid trans-
port and identified carnitine acetyltransferase as the enzyme responsible for
ALCAR formation [1]. The recognition that carnitine and its acyl esters played es-
sential roles in cellular energy metabolism, particularly in tissues with high oxida-
tive demand (cardiac muscle, skeletal muscle, brain), motivated the investigation of
exogenous carnitine and acetylcarnitine supplementation in conditions of meta-
bolic insufficiency.

3.2 Development as a pharmaceutical agent

Sigma-Tau Pharmaceuticals (Rome, Italy) advanced ALCAR as a pharmaceutical
agent (development code ST-200, INN levacecarnine) through clinical development
for peripheral neuropathy and cognitive disorders beginning in the 1980s. The com-
pound received marketing authorization in Italy and in several other European ju-
risdictions for the treatment of peripheral neuropathy and cognitive decline associ-
ated with aging and cerebrovascular disease. The branded product Nicetile (Sigma-
Tau) is the principal pharmaceutical preparation and has been the source material
for a substantial fraction of the clinical trial literature.

3.3 Expansion of the clinical evidence base

The 1990s and 2000s produced a series of large randomized controlled trials that es-
tablished the clinical evidence base for ALCAR in diabetic neuropathy. The De
Grandis and Bhatt (2002) 12-month randomized double-blind placebo-controlled
trial in 333 patients demonstrated significant pain reduction and nerve conduction
improvement [12]. The two Sima et al. (2005) 52-week trials (pooled intention-to-
treat population 1,257 patients) extended the evidence to nerve fiber regeneration
on sural nerve biopsy, vibratory perception improvement, and pain reduction at
doses of 1,500 and 3,000 mg per day [5].
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3.4 Identification of the epigenetic mechanism

The identification of the epigenetic analgesic mechanism of ALCAR, distinct from
any classical neurotransmitter or metabolic pathway, was a significant pharmaco-
logical advance. Chiechio, Bhatt, and colleagues demonstrated that ALCAR acts
through acetylation of the p65/RelA subunit of NF-kappaB, inducing transcription
of the metabotropic glutamate receptor type 2 (mGlu2) gene, with consequent up-
regulation of mGlu2 receptor protein at dorsal horn nerve terminals and produc-
tion of analgesia through inhibition of glutamate release in pain-processing circuits
[3, 4]. This mechanism, confirmed in chronic constriction injury, spinal nerve liga-
tion, and inflammatory pain models, positioned ALCAR as the first clinically used

analgesic whose primary mechanism of action is epigenetic.

3.5 Depression and biomarker research

The Nasca et al. (2018) study, published in the Proceedings of the National Academy
of Sciences, identified plasma ALCAR deficiency as a biological correlate of major
depressive disorder, with the degree of deficiency tracking with depression severity
and earlier age of onset [8]. This biomarker finding, conducted across two indepen-
dent clinical cohorts, provided a metabolic rationale for the antidepressant activity
observed in earlier randomized trials and stimulated interest in ALCAR as both a
therapeutic agent and a diagnostic biomarker for depression subtypes character-
ized by mitochondrial and metabolic dysfunction.

3.6 Current regulatory status

ALCAR is marketed as a prescription pharmaceutical for neuropathy and cognitive
indications in Italy and several European jurisdictions. In the United States, it is
classified as a dietary supplement under the Dietary Supplement Health and
Education Act of 1994 and is not approved by the Food and Drug Administration for
any therapeutic indication. The compound is widely available from supplement
manufacturers and from research chemical suppliers at pharmaceutical and re-
search grade. The dual regulatory status (pharmaceutical in some jurisdictions,
supplement in others) creates a heterogeneous quality landscape that investigators
should navigate with appropriate analytical verification.
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4. Mechanism of Action

ALCAR is a multi-mechanism agent whose pharmacological activities derive from
its roles as a mitochondrial metabolic intermediate, an acetyl-group donor for neu-
rotransmitter synthesis, a neurotrophic factor modulator, and an epigenetic regula-
tor. These mechanisms operate at physiologically and therapeutically relevant con-
centrations and contribute differentially to the observed neuroprotective, anal-
gesic, antidepressant, and cognitive effects.

4.1 Mitochondrial metabolic function

The primary endogenous function of ALCAR is as a component of the carnitine
shuttle system. Carnitine acetyltransferase (CrAT), located in the mitochondrial
matrix, catalyzes the reversible transfer of acetyl groups between acetyl-CoA and L-
carnitine. The resulting ALCAR is transported across the inner mitochondrial mem-
brane by the carnitine-acylcarnitine translocase (CACT, SLC25A20) in exchange for
free carnitine. In the cytosol, a second carnitine acetyltransferase regenerates

acetyl-CoA and free carnitine [1].

This shuttle serves three principal metabolic functions. First, it buffers the in-
tramitochondrial acetyl-CoA/free CoA ratio, preventing inhibition of pyruvate de-
hydrogenase and maintaining flux through beta-oxidation when acetyl-CoA produc-
tion exceeds tricarboxylic acid cycle capacity. Second, it transfers acetyl groups to
the cytosol for use in biosynthetic reactions including fatty acid synthesis and, in
cholinergic neurons, acetylcholine synthesis. Third, it facilitates the export of ex-
cess acetyl groups from peroxisomes (where very-long-chain fatty acid beta-oxida-
tion produces acetyl-CoA) to mitochondria for terminal oxidation [2].

In aged tissues, mitochondrial function declines through accumulated oxidative
damage to mitochondrial DNA, respiratory chain complexes, and membrane lipids.
ALCAR supplementation in aged animals has been shown to restore mitochondrial
membrane potential, increase cardiolipin content in the inner mitochondrial mem-
brane, increase cellular oxygen consumption, and reverse the age-associated de-
cline in ambulatory activity [11, 13]. The combination of ALCAR with alpha-lipoic
acid, a mitochondrial antioxidant and cofactor for alpha-ketoglutarate dehydroge-
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nase, has produced synergistic restoration of mitochondrial function in aged rats, a
finding that has motivated the study of this combination in human aging research
[11].

4.2 Cholinergic neurotransmission

ALCAR crosses the blood-brain barrier through the organic cation/carnitine trans-
porter OCTN2 and, within the central nervous system, serves as a precursor for
acetylcholine synthesis. The mechanism involves two sequential enzymatic steps:
(1) carnitine acetyltransferase cleaves ALCAR to produce acetyl-CoA and free carni-
tine; (2) choline acetyltransferase (ChAT) transfers the acetyl group from acetyl-
CoA to choline, producing acetylcholine [14, 15].

White et al. (1990) demonstrated that systemic administration of ALCAR pro-
duced dose-dependent stimulation of acetylcholine release in both the striatum
and hippocampus of awake freely moving rats, an effect that was calcium-depen-
dent and tetrodotoxin-sensitive, indicating activation of physiological release
mechanisms in cholinergic neurons rather than non-specific membrane effects
[15]. The D-enantiomer was substantially ineffective, confirming stereoselectivity

consistent with the CrAT and transport protein substrate requirements.

Carnitine acetyltransferase activity is decreased by 25 to 40 percent in the brains
of patients with Alzheimer disease, providing a metabolic rationale for ALCAR sup-
plementation in this population: the compound provides both the acetyl-CoA sub-
strate for acetylcholine synthesis and the carnitine required for continued mito-
chondrial metabolic function in cholinergic neurons undergoing metabolic stress
[16].

4.3 Neurotrophic factor modulation

ALCAR increases the synthesis and utilization of nerve growth factor (NGF) in the
central and peripheral nervous system. Taglialatela et al. (1994) demonstrated that
ALCAR treatment increased NGF levels and choline acetyltransferase activity in the
central nervous system of aged rats [17]. In the peripheral nervous system, ALCAR
promotes nerve fiber regeneration following injury, an effect demonstrated in sci-
atic nerve crush models and confirmed clinically in the Sima et al. (2005) sural
nerve morphometry data showing increased regenerating nerve fiber clusters in
ALCAR-treated diabetic neuropathy patients [5].
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The neurotrophic mechanism is plausibly linked to the epigenetic activity (sec-
tion 4.4), as NF-kappaB-dependent transcription is known to regulate neurotrophic
factor expression. The composite of increased NGF signaling, enhanced mitochon-
drial support of axonal transport, and reduced oxidative damage to neuronal mem-
branes provides a mechanistic basis for the nerve fiber regeneration observed in

clinical trials.

4.4 Epigenetic modulation and analgesic mechanism

The most pharmacologically distinctive mechanism of ALCAR is its epigenetic ac-
tivity. Chiechio et al. (2002, 2006) and subsequent studies demonstrated that ALCAR
produces analgesia through acetylation of the p65/RelA subunit of the NF-kappaB
transcription factor [3, 4]. The acetylated p65 binds the promoter of the GRM2 gene
(encoding the mGlu2 receptor) and upregulates mGlu2 receptor expression in dor-
sal root ganglion neurons and at dorsal horn nerve terminals. The upregulated
mGlu2 receptors, acting as presynaptic autoreceptors, inhibit glutamate release in

pain-processing circuits, producing analgesia and preventing spinal sensitization.

This mechanism is distinct from the analgesic mechanisms of nonsteroidal anti-
inflammatory drugs, opioids, gabapentinoids, and serotonin-norepinephrine reup-
take inhibitors. It is the only clinically observed analgesic mechanism that operates
through transcriptional epigenetic regulation, and it explains several distinctive
features of ALCAR analgesia: the delayed onset (requiring gene transcription and
protein synthesis), the persistence of effect beyond the plasma residence of the
drug, and the absence of tolerance development on chronic dosing.

ALCAR additionally acetylates histones H3 and H4 in dorsal root ganglion neu-
rons, contributing to a broader epigenetic remodeling of pain-related gene expres-
sion [4]. The acetyl group of ALCAR, rather than the carnitine moiety, is the phar-
macophore for this mechanism; non-acetylated L-carnitine does not produce the
same epigenetic or analgesic effects.

4.5 Antioxidant and membrane-stabilizing activity

ALCAR exerts indirect antioxidant effects through multiple mechanisms: restora-
tion of mitochondrial membrane potential and respiratory chain efficiency (reduc-
ing electron leak and superoxide production), upregulation of endogenous antioxi-
dant enzymes, and stabilization of mitochondrial membrane cardiolipin content

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

CONSUMPTION 14



[11, 13]. The compound does not function as a direct radical scavenger in the man-
ner of ascorbate or alpha-tocopherol; the antioxidant activity is secondary to its
metabolic and mitochondrial effects.
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5. Pharmacokinetics and Routes of
Administration

5.1 Absorption

Oral absorption of ALCAR is limited at supplement and therapeutic doses.
Rebouche (2004) characterized the pharmacokinetics of L-carnitine and ALCAR in
detail: bioavailability of dietary L-carnitine (from food sources, typically 2 to 12 mi-
cromoles per kilogram body weight) is 54 to 87 percent through active carrier-medi-
ated transport via OCTN2 in the small intestinal epithelium. Bioavailability of sup-
plemental L-carnitine at doses of 0.5 to 6 grams is 14 to 18 percent, reflecting satu-
ration of the active transport mechanism and predominant passive diffusion [18].

Recent pharmacokinetic studies (Krims-Davis et al. 2025) reported that oral
ALCAR bioavailability at supplement doses of 0.5 to 1.5 grams is less than 5 percent,
substantially lower than that of L-carnitine at equivalent doses [19]. Peak plasma
concentration following a 1.5-gram oral dose of ALCAR increased by approximately
48 percent above baseline endogenous levels. The low bioavailability reflects rapid
hydrolysis of the acetyl ester in the intestinal lumen and enterocytes, saturation of
carrier-mediated transport, and substantial gut microbial metabolism of unab-
sorbed material.

Intravenous administration bypasses the absorption limitation. After a 0.5-gram
intravenous bolus, ALCAR is rapidly but not completely hydrolyzed to L-carnitine
and acetate, with both ALCAR and L-carnitine concentrations returning to baseline
within 12 hours [18].

5.2 Distribution

ALCAR distributes to two kinetically defined compartments: a large, slow-turnover
compartment (predominantly skeletal muscle, which contains approximately 95
percent of total body carnitine stores) and a smaller, rapid-turnover compartment
(liver, kidney, brain, and other visceral tissues). Whole-body carnitine turnover
time is 38 to 119 hours in humans at normal dietary carnitine intake [18].
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Plasma protein binding of ALCAR is minimal. The compound crosses the blood-
brain barrier through OCTN2-mediated transport and through passive diffusion;
the acetylated form penetrates the central nervous system more efficiently than
non-acetylated L-carnitine, a property attributed to the increased lipophilicity con-
ferred by the acetyl ester and to additional transport mechanisms for short-chain
acylcarnitines at the blood-brain barrier [14].

Normal endogenous plasma ALCAR concentrations in healthy adults range from
approximately 3 to 7 micromoles per liter, with concentrations progressively de-
creasing in mild cognitive impairment (approximately 4.0 micromoles per liter)

and Alzheimer disease (approximately 3.5 micromoles per liter) [20].

5.3 Metabolism

ALCAR is metabolized through multiple pathways. The primary pathway is hydroly-
sis of the acetyl ester by carnitine acetyltransferase and by nonspecific esterases in
tissues and plasma, yielding L-carnitine and acetate. L-Carnitine is not further me-
tabolized by mammalian enzymes and is excreted unchanged or as acylcarnitine

conjugates in urine.

A second, quantitatively important pathway for orally administered ALCAR is
gut microbial metabolism. Intestinal bacteria cleave the quaternary ammonium
moiety of L-carnitine (and of ALCAR after ester hydrolysis) to produce trimethy-
lamine (TMA), which is absorbed and oxidized in the liver by flavin monooxyge-
nase 3 (FMO3) to trimethylamine N-oxide (TMAO) [19, 21]. Krims-Davis et al. (2025)
reported that approximately 90 percent of a 1.5-gram oral ALCAR dose was con-
verted to TMAO, with plasma TMAO reaching approximately 50 micromoles per
liter, a concentration that has been associated with adverse cardiovascular out-
comes in epidemiological studies [19]. The TMAO production pathway is a signifi-
cant pharmacokinetic and safety consideration for chronic high-dose oral ALCAR
supplementation.

The metabolism of ALCAR does not involve cytochrome P450 enzymes to a clini-
cally meaningful degree, and the compound does not exhibit the CYP-dependent
pharmacogenomic variability that characterizes many pharmaceutical agents.
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5.4 Elimination

Renal handling of carnitine and acylcarnitines involves efficient tubular reabsorp-
tion at physiological plasma concentrations (renal clearance is less than 5 percent
of the filtered load at normal concentrations) and net tubular secretion at elevated
concentrations following exogenous supplementation [18]. The renal threshold for
carnitine reabsorption is approximately 40 to 60 micromoles per liter; at plasma
concentrations above this threshold (as achieved with oral supplementation), renal
clearance increases substantially and represents the principal elimination pathway.
Urinary excretion of ALCAR and L-carnitine accounts for most of the absorbed
dose; fecal excretion of unabsorbed material (and of TMA/TMAO produced by gut
bacteria) accounts for the remainder.

5.5 Routes of administration

Three principal routes are used in clinical and research applications: oral adminis-
tration (500 to 3,000 mg per day in divided doses, the most common supplemental
and therapeutic route), intramuscular injection (500 to 1,000 mg per day, used in
European clinical trials, particularly the De Grandis protocol of 1,000 mg intramus-
cular daily for 10 days followed by 2,000 mg oral daily), and intravenous infusion
(0.5 to 1.0 grams in normal saline, used in pharmacokinetic studies and in selected
clinical protocols). Oral administration is the dominant route in current practice.
The intramuscular and intravenous routes bypass the bioavailability limitation and
achieve higher peak plasma concentrations.

5.6 Special populations

Renal impairment reduces carnitine clearance and may increase plasma levels on
chronic supplementation; dose adjustment in severe renal impairment is appropri-
ate. Hepatic impairment does not substantially affect ALCAR metabolism, as the
principal metabolic pathways (ester hydrolysis and renal excretion) are extrahep-
atic, though FMO3-mediated TMAO production may be altered. Pediatric pharma-
cokinetics have been characterized in the context of primary carnitine deficiency
syndromes; the OCTN2 transporter is active from birth. Geriatric populations have
lower endogenous ALCAR levels and lower carnitine acetyltransferase activity, pro-
viding a pharmacokinetic and metabolic rationale for supplementation. Pregnancy
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data are limited; carnitine supplementation is generally regarded as safe at physio-
logical replacement doses, but high-dose ALCAR supplementation in pregnancy
has not been specifically studied.

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

CONSUMPTION 19



6. Clinical Evidence Base

6.1 Diabetic peripheral neuropathy

The diabetic peripheral neuropathy indication has produced the largest and most

rigorous body of clinical evidence for ALCAR.

The De Grandis and Bhatt (2002) study was a multicenter, randomized, double-
blind, placebo-controlled, parallel-group trial in 333 patients meeting clinical and
neurophysiological criteria for diabetic neuropathy [12]. Treatment was initiated
with intramuscular ALCAR at 1,000 mg per day for 10 days, followed by oral ALCAR
at 2,000 mg per day for 355 days. After 12 months, ALCAR-treated patients showed
significant reduction in visual analog scale pain scores compared to placebo, signif-
icant improvement in nerve conduction velocity parameters, and acceptable tolera-
bility. The study was judged at low risk of bias by subsequent systematic reviews.

The Sima et al. (2005) analysis pooled two 52-week randomized placebo-con-
trolled trials testing ALCAR at 1,500 mg per day (500 mg three times daily) and 3,000
mg per day (1,000 mg three times daily) [5]. The intention-to-treat population was
1,257 patients (93 percent of enrolled). Efficacy endpoints included sural nerve
morphometry (nerve fiber density and regenerating clusters), nerve conduction ve-
locities, vibration perception thresholds, clinical symptom scores, and visual ana-
log scale for pain. ALCAR treatment produced significant improvement in pain
scores, significant increase in regenerating sural nerve fiber clusters on biopsy, and
significant improvement in vibration perception. The morphometric nerve fiber re-
generation data are notable as an objective endpoint that is rarely captured in neu-
ropathy trials and that supports a disease-modifying rather than purely sympto-

matic mechanism.

Li et al. (2016) conducted a multicenter, randomized, double-blind, controlled
trial comparing ALCAR to methylcobalamin for diabetic peripheral neuropathy
over 24 weeks [22]. Both groups showed significant reductions in neuropathy symp-
tom and disability scores, with no significant difference between groups, and both
groups showed improvement in neurophysiological parameters.
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A Cochrane systematic review (Rolim et al. 2019) evaluated the overall evidence
for ALCAR in diabetic peripheral neuropathy and concluded that while the avail-
able trials demonstrated benefit on pain and nerve conduction parameters, the
quality of evidence was moderate and additional large-scale trials were warranted
[23].

6.2 HIV-associated antiretroviral toxic neuropathy

Nucleoside analogue reverse transcriptase inhibitors (NRTIs) disrupt neuronal mi-
tochondrial DNA synthesis, producing a toxic neuropathy in a significant fraction
of HIV-positive patients on long-term antiretroviral therapy. The mitochondrial
mechanism of injury provides a direct pharmacological rationale for ALCAR, which

supports mitochondrial function and nerve fiber regeneration.

Youle et al. (2007) conducted a double-blind, parallel-group, placebo-controlled,
multicenter study of ALCAR in the treatment of antiretroviral toxic neuropathy [24].
ALCAR produced significant reduction in validated pain ratings and was generally
safe and well tolerated. Hart et al. (2004) reported long-term benefit of ALCAR in an
open-label extension study, with pain reduction and nerve regeneration markers

sustained over extended treatment periods [25].

6.3 Chemotherapy-induced peripheral neuropathy

Flatters and Bennett (2006) demonstrated in a preclinical model that ALCAR pre-
vented and reduced paclitaxel-induced painful peripheral neuropathy in rats, with
protection attributable to mitochondrial support and neurotrophic enhancement
[26]. Clinical evidence for ALCAR in chemotherapy-induced neuropathy is limited
to small clinical studies and case series; no large randomized trial has been com-
pleted in this specific indication. The mechanistic rationale (mitochondrial protec-
tion, neurotrophic support, nerve fiber regeneration) is consistent across neuropa-

thy subtypes.

6.4 Peripheral neuropathic pain: systematic review and
meta-analysis

Li et al. (2015) conducted a systematic review and meta-analysis of randomized
controlled trials of ALCAR in peripheral neuropathic pain (all subtypes) published
in PLOS ONE [27]. The meta-analysis included trials in diabetic, HIV-associated, and
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other neuropathies and reported significant overall pain reduction with ALCAR
versus placebo, with a favorable safety profile. The analgesic effect was consistent
across neuropathy subtypes, supporting the mechanistic hypothesis that ALCAR
analgesia operates through a common pathway (mGlu2 receptor upregulation and
mitochondrial support) rather than through indication-specific mechanisms.

6.5 Major depressive disorder

The antidepressant activity of ALCAR has been evaluated in multiple randomized

controlled trials and two meta-analyses.

Veronese et al. (2018) published a systematic review and meta-analysis of 12 ran-
domized controlled trials (791 participants) evaluating ALCAR supplementation for
depressive symptoms [6]. ALCAR was significantly superior to placebo in reducing
depressive symptom scores (pooled standardized mean difference approximately
1.1, a large effect). In head-to-head comparisons with established antidepressants,
ALCAR was comparably effective to fluoxetine (three trials) and amisulpride (one
trial) with significantly fewer adverse events in the ALCAR groups. The authors
concluded that ALCAR supplementation significantly decreased depressive symp-
toms compared with placebo while offering a comparable effect to established an-
tidepressants with fewer adverse events.

The Nasca et al. (2018) cross-sectional biomarker study, conducted at two inde-
pendent clinical centers (Weill Cornell Medical College and the University of
Milan), reported that plasma ALCAR levels were significantly decreased in patients
with major depressive disorder compared with age- and sex-matched healthy con-
trols [8]. The degree of ALCAR deficiency correlated with both the severity of de-
pression and earlier age of onset, and was particularly pronounced in patients with
treatment-resistant depression. The finding positioned plasma ALCAR as a candi-
date biomarker for depression subtypes characterized by mitochondrial metabolic
dysfunction and raised the hypothesis that ALCAR deficiency may be a contribut-

ing causal factor rather than solely a correlate.

Subsequent studies have confirmed and extended the ALCAR-depression associ-
ation, with acylcarnitine metabolomics panels showing consistent relationships be-
tween short-chain acylcarnitine levels and depressive symptom profiles across
multiple cohorts [7].
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6.6 Mild cognitive impairment and Alzheimer disease

ALCAR has been studied in cognitive disorders from mild cognitive impairment
through moderate Alzheimer disease across multiple decades of clinical

investigation.

Thal et al. (1996) conducted a 1-year multicenter placebo-controlled study of
ALCAR in patients with Alzheimer disease [28]. The study did not demonstrate sig-
nificant overall benefit on the primary cognitive endpoints, though subgroup
analysis suggested possible benefit in younger patients (under 65 years) with ear-

lier-onset disease.

Montgomery, Thal, and Amrein (2003) published a meta-analysis of double-blind
randomized controlled clinical trials of ALCAR versus placebo in mild cognitive im-
pairment and mild Alzheimer disease [9]. The meta-analysis reported a significant
advantage for ALCAR on both clinical global impression scales and psychometric
testing. The authors concluded that ALCAR slowed cognitive decline in mild cogni-
tive impairment and was well tolerated, though the clinical significance of the sta-

tistically significant findings was uncertain.

Hudson and Tabet (2003) conducted a Cochrane systematic review of ALCAR for
dementia and concluded that the available evidence was insufficient to recommend
clinical use, noting methodological limitations in many of the included trials and
uncertainty about the clinical meaningfulness of the observed effect sizes [10].

Pennisi et al. (2020) published a critical update reviewing the accumulated evi-
dence for ALCAR in dementia and other cognitive disorders, concluding that the ev-
idence base supported a modest cognitive benefit, particularly in mild cognitive
impairment and early Alzheimer disease, and that the underlying mechanisms
(cholinergic support, mitochondrial restoration, neurotrophic enhancement) pro-
vided a coherent rationale for continued investigation [29].

6.7 Age-related mitochondrial dysfunction and fatigue

Ames, Hagen, and colleagues at the University of California at Berkeley conducted a
series of preclinical studies demonstrating that the combination of ALCAR and al-
pha-lipoic acid reversed age-associated mitochondrial dysfunction in aged rats [11,
13]. ALCAR fed to old rats partially restored mitochondrial function and ambula-
tory activity; the combination with alpha-lipoic acid produced synergistic effects

on mitochondrial membrane potential, oxidant production, and cognitive function.
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These findings have motivated human supplementation studies of the ALCAR plus
alpha-lipoic acid combination in aging populations, though large-scale human tri-
als have not been completed.

ALCAR supplementation has also been studied for chronic fatigue, cancer-re-
lated fatigue, and fibromyalgia-associated fatigue, with generally positive but small
and heterogeneous effects across studies.
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7. Reported Research Dose Ranges

7.1 Neuropathy indications

Diabetic peripheral neuropathy: 1,500 to 3,000 mg per day orally in divided doses
(500 to 1,000 mg three times daily), based on the Sima et al. (2005) and De Grandis et
al. (2002) trials. The De Grandis protocol used an induction phase of 1,000 mg intra-
muscular daily for 10 days prior to chronic oral dosing. Treatment duration in posi-
tive trials ranged from 24 to 52 weeks; the nerve fiber regeneration data suggest that
longer treatment durations (52 weeks or more) may be required for maximal struc-

tural benefit.

HIV-associated antiretroviral toxic neuropathy: 1,500 to 3,000 mg per day orally.

7.2 Depression

1,500 to 3,000 mg per day orally in divided doses, based on the trials included in the
Veronese et al. (2018) meta-analysis. Some trials used a dose of 1,000 mg per day;
the meta-analytic evidence suggests dose-dependent efficacy within the 1,000 to
3,000 mg per day range.

7.3 Cognitive impairment and Alzheimer disease

1,500 to 3,000 mg per day orally in divided doses, consistent across the cognitive
disorder trial literature. The Montgomery et al. (2003) meta-analysis included trials
using doses of 1,500 to 3,000 mg per day.

7.4 General supplementation

500 to 2,000 mg per day orally, the range commonly used in dietary supplement ap-
plications for cognitive support, energy, and healthy aging. The lower end of this
range (500 mg) may not achieve plasma concentrations sufficient for the neuropa-
thy or depression indications based on the clinical trial evidence.
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8. Sourcing and Quality Verification

Pharmaceutical-grade ALCAR (Nicetile brand or licensed generic) is the highest
quality source for research and clinical applications. Pharmaceutical sourcing is
feasible in jurisdictions where the compound is registered as a medicine (Italy and
selected European jurisdictions). The pharmaceutical-grade material has been the
source for the majority of published clinical trials.

Supplement-grade ALCAR is supplied by numerous manufacturers and is avail-
able as capsules (250 to 1,000 mg), tablets, and bulk powder. The supplement mar-
ket is large but quality is heterogeneous. Brandname raw material suppliers in-
clude Sigma-Tau (Carnipure ALC), Lonza, and several Chinese API manufacturers.
The principal quality concern in the supplement market is the presence of D-acetyl-
carnitine from racemic synthetic processes; D-carnitine is not biologically active

and competitively inhibits L-carnitine transport.

Research-grade ALCAR is available from Sigma-Aldrich, Tocris, Cayman
Chemical, MedChemExpress, and other research chemical suppliers at greater than
98 percent purity by HPLC, as the hydrochloride salt.

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

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

* Mass spectrometry confirmation of molecular weight (204.12 for [M+H]+ of the
inner salt)

¢ Chiral HPLC or polarimetry confirmation of enantiomeric purity (greater than
99 percent L-form; absence of D-acetylcarnitine)

¢ Karl Fischer or loss-on-drying analysis for residual water (the hydrochloride
salt is hygroscopic)

* Heavy metals analysis (relevant for supplement-grade material from unquali-
fied sources)
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Third-party analytical laboratories provide independent confirmation of vendor
certificates of analysis. The ALCAR supplement market has been associated with in-
stances of racemic contamination and potency shortfalls; on-receipt analytical con-
firmation is appropriate for any investigation where dose-response precision is
important.
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9. Reconstitution and Handling

Acetyl-L-carnitine hydrochloride is freely soluble in water at room temperature
(solubility greater than 100 mg/mL). For research applications, the compound is

supplied as a white crystalline powder and is dissolved directly in aqueous media.

Stock solution preparation: Stock solutions are typically prepared at 100 to 500
mM (approximately 24 to 120 mg/mL as the hydrochloride salt) in sterile water, nor-
mal saline, or phosphate-buffered saline for in vivo work. For cell culture applica-
tions, filter sterilization (0.2 micrometer) of aqueous stock solutions is standard.
The compound does not require organic cosolvents for dissolution at standard re-
search concentrations.

Stability: The solid compound is stable at room temperature in dry conditions;
storage at 2 to 8 degrees Celsius in a desiccated container is recommended for long-
term storage. The hydrochloride salt is hygroscopic and should be protected from
moisture. Aqueous stock solutions are stable at 2 to 8 degrees Celsius for at least 7
days and at minus 20 degrees Celsius for at least 30 days. Repeated freeze-thaw cy-
cles should be avoided; aliquoting of stock solutions for single use is

recommended.

pH considerations: Aqueous solutions of the hydrochloride salt are mildly acidic
(pH approximately 3 to 4 at 100 mM). For cell culture and parenteral research appli-
cations, pH adjustment to physiological range (7.2 to 7.4) with sodium hydroxide or
buffering in phosphate-buffered saline is appropriate.

Light sensitivity: The compound is not significantly light-sensitive; amber vials
or light protection are not required for standard handling.

Oral formulations for research: For oral animal studies, the compound is dis-
solved in drinking water (stable for at least 48 hours at room temperature) or ad-
ministered by oral gavage in aqueous solution or suspension. The compound has a
mildly acidic taste that does not substantially affect voluntary consumption by ro-
dents at standard research concentrations.
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10. Stack Interaction Considerations

ALCAR interacts with several drug classes and supplement categories through its
metabolic and neurotransmitter-related mechanisms. Investigators conducting re-
search with ALCAR, particularly in chronic dosing regimens or in combination

with other agents, should consider:

Cholinesterase inhibitors: Concurrent acetylcholinesterase inhibitors
(donepezil, rivastigmine, galantamine) produce additive cholinergic activity. The
combination is pharmacologically rational for cognitive applications (ALCAR pro-
vides the acetylcholine precursor; the cholinesterase inhibitor reduces acetyl-
choline degradation) and has been explored in Alzheimer disease research.
Additive parasympathomimetic adverse events (gastrointestinal disturbance,
bradycardia) should be monitored.

Anticoagulants (warfarin): Case reports have suggested that L-carnitine supple-
mentation may potentiate the anticoagulant effect of warfarin through an incom-
pletely characterized mechanism, possibly related to interference with vitamin K-
dependent coagulation factor synthesis. The interaction has not been confirmed in
controlled studies but should be monitored in research participants on anticoagu-
lant therapy.

Thyroid hormones: L-Carnitine and ALCAR have been reported to inhibit the nu-
clear uptake of thyroid hormones (T3 and T4), potentially reducing thyroid hor-
mone activity. This interaction has been proposed as beneficial in hyperthyroidism
(Benvenga et al. 2004) but could be counterproductive in hypothyroid patients on
levothyroxine replacement. Investigators should consider thyroid status in study
design [30].

Alpha-lipoic acid: The combination of ALCAR with alpha-lipoic acid has been
studied extensively in aging and mitochondrial dysfunction research, with evi-
dence of synergistic mitochondrial restoration in preclinical models [11]. The com-
bination is pharmacologically complementary (ALCAR provides acetyl-group
buffering and mitochondrial membrane support; alpha-lipoic acid provides antiox-
idant defense and alpha-ketoglutarate dehydrogenase cofactor activity) and is well
tolerated in published studies.
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Valproic acid and other carnitine-depleting agents: Valproic acid, certain antibi-
otics (pivampicillin, pivmecillinam), and pivalate-conjugated prodrugs deplete L-
carnitine through formation of pivaloylcarnitine and urinary excretion. ALCAR
supplementation may be rational in patients on these agents to maintain carnitine
homeostasis.

Serotonergic agents: ALCAR has demonstrated antidepressant activity that may
involve serotonergic mechanisms in addition to the established epigenetic and
cholinergic pathways. Concurrent use with selective serotonin reuptake inhibitors,
serotonin-norepinephrine reuptake inhibitors, or monoamine oxidase inhibitors
has not been associated with serotonin syndrome in published literature, and the
Veronese et al. meta-analysis included trials where ALCAR was compared to fluoxe-
tine and amisulpride without safety signal. The combination is likely safe but

should be approached with standard pharmacovigilance.

Other acylcarnitines and carnitine: Concurrent L-carnitine supplementation is
pharmacologically redundant for the carnitine moiety but does not provide the
acetyl group that is the active pharmacophore for the epigenetic and cholinergic
mechanisms. ALCAR is the preferred form for neurological and cognitive research

applications.
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11. Adverse Events and Safety

11.1 Common adverse events

The principal adverse events at standard oral doses (1,500 to 3,000 mg per day) are:

* Gastrointestinal disturbance (nausea, vomiting, abdominal cramping, diar-
rhea): reported in approximately 5 to 15 percent of patients in clinical trials,
generally mild and dose-dependent

* Fishy body odor: attributable to trimethylamine production from gut micro-
bial metabolism of unabsorbed carnitine; more common at higher doses and
in individuals with specific gut microbiome compositions; reversible on dose
reduction or discontinuation

* Insomnia and restlessness: reported at higher doses (3,000 mg per day and
above), possibly attributable to cholinergic stimulation; evening dosing should
be avoided

* Headache: reported in approximately 3 to 5 percent of patients in clinical trials

These adverse events are generally mild, dose-dependent, and reversible. The
Veronese et al. (2018) meta-analysis reported that ALCAR produced significantly
fewer adverse events than comparator antidepressants (fluoxetine, amisulpride) [6].

11.2 TMAO and cardiovascular considerations

The conversion of orally administered ALCAR to TMAO through gut microbial me-
tabolism is a safety consideration for chronic high-dose supplementation [19, 21].
Epidemiological studies have associated elevated plasma TMAO concentrations
with increased risk of atherosclerosis, cardiovascular events, and mortality, though
the causality of the TMAO-cardiovascular risk relationship remains debated.
Krims-Davis et al. (2025) reported that approximately 90 percent of a 1.5-gram oral
dose of ALCAR or L-carnitine was metabolized to TMAO, reaching plasma concen-
trations of approximately 50 micromoles per liter [19]. TMAO levels returned to

baseline within approximately 4 months of supplementation cessation.
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The clinical significance of ALCAR-derived TMAO production is uncertain. The
epidemiological association between TMAO and cardiovascular risk is based on ob-
servational data and may be confounded by dietary and gut microbiome factors.
Interventional trials specifically evaluating cardiovascular outcomes of ALCAR sup-
plementation have not been conducted. Investigators should consider TMAO pro-
duction as a risk factor in long-term, high-dose oral ALCAR research, particularly
in populations with pre-existing cardiovascular risk.

11.3 Rare and serious adverse events

No serious drug-specific adverse events have been consistently reported across the
clinical trial literature. Rare events in postmarketing experience and case reports

include:

e Seizures: rare reports in patients with pre-existing seizure disorders; the
cholinergic and excitatory mechanisms provide a theoretical basis for seizure
threshold reduction, but the evidence is limited to case reports

¢ Allergic reactions: rare, as with any orally administered compound

¢ Elevated agitation in patients with psychiatric conditions: occasional reports,
possibly related to cholinergic stimulation

11.4 Drug safety in specific populations

The compound has a long history of use in European pharmaceutical markets with
acceptable safety. The supplement-grade material in the United States has an exten-
sive postmarketing experience through consumer use without signal of serious tox-
icity. No mutagenicity, carcinogenicity, or teratogenicity has been demonstrated in
standard preclinical safety studies. The compound is not a controlled substance in

any jurisdiction.
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12. Comparable Compounds
Assessment

This section presents a structured comparative assessment of five alternative neu-
roprotective, neuroregenerative, or mitochondrial-support compounds against
ALCAR, evaluated against five competency standards: novelty, effect size, promis-
ing potential (current clinical state and trajectory), side-effect profile, and overall
validation. The five comparators were selected as the principal agents with clinical
or preclinical evidence in overlapping indications (neuropathy, cognitive decline,
depression, mitochondrial dysfunction) and that share one or more of ALCAR's mo-
lecular mechanisms.

12.1 Alpha-lipoic acid (thioctic acid)

Mechanism: Alpha-lipoic acid is a dithiol compound that serves as a cofactor for
mitochondrial alpha-ketoglutarate dehydrogenase and pyruvate dehydrogenase
and functions as a potent intracellular antioxidant through its reduced form (dihy-
drolipoic acid). The compound is both water-soluble and lipid-soluble, giving it ac-
cess to both aqueous and membrane-associated compartments [31].

Clinical evidence: The NATHAN-1, SYDNEY, and ALADIN trials established al-
pha-lipoic acid at 600 mg per day (oral or intravenous) as an effective treatment for
symptomatic diabetic peripheral neuropathy, with significant improvement in neu-
ropathic symptom and deficit scores. Meta-analyses confirm efficacy for neuro-
pathic pain with a favorable safety profile.

Novelty: Low. The compound and mechanism are well established; clinical use
dates to the 1950s in Germany.

Effect size: Moderate for neuropathic pain. The NATHAN-1 trial reported signifi-
cant improvement in neuropathic impairment on the Neuropathy Impairment
Score plus seven neurophysiological tests (NIS+7) composite; effect sizes are com-
parable to ALCAR in magnitude.
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Promising potential: Moderate. Registered in some European jurisdictions for
diabetic neuropathy; widely used as a supplement. Not FDA-approved for any
indication.

Side-effect profile: Generally well tolerated. Dose-dependent nausea, vomiting,
and vertigo at higher doses. No TMAO production concern. No significant drug in-
teractions at standard doses.

Overall validation: Moderate to high. Multiple large randomized trials, meta-
analyses, and long clinical track record.

Comparison to ALCAR: Alpha-lipoic acid and ALCAR share the mitochondrial-
support mechanism but are complementary: alpha-lipoic acid acts as an antioxi-
dant and enzyme cofactor, while ALCAR acts as an acetyl-group shuttle and epige-
netic modulator. The combination has demonstrated synergistic mitochondrial
restoration in preclinical aging models. Alpha-lipoic acid does not share the cholin-
ergic, neurotrophic, or epigenetic analgesic mechanisms of ALCAR. For neuropa-
thy, both compounds have comparable clinical evidence; for depression and cogni-

tion, ALCAR has substantially more evidence.

12.2 Methylcobalamin (methyl-B12)

Mechanism: Methylcobalamin is the active coenzyme form of vitamin B12, func-
tioning as a methyl-group donor in the remethylation of homocysteine to methion-
ine (methionine synthase) and participating in myelin synthesis and nerve fiber
maintenance. Deficiency produces demyelination and axonal degeneration in both
central and peripheral nervous systems [32].

Clinical evidence: Methylcobalamin is established for the treatment of B12-defi-
ciency neuropathy. Li et al. (2016) compared methylcobalamin to ALCAR for dia-
betic peripheral neuropathy and found comparable efficacy over 24 weeks [22].
Independent evidence for methylcobalamin in diabetic neuropathy beyond B12 de-
ficiency replacement is modest.

Novelty: Low. The compound is an endogenous vitamin with a well-character-

ized mechanism.

Effect size: Moderate for B12-deficiency neuropathy (which responds robustly to
replacement). Small to moderate for diabetic neuropathy in the absence of B12 defi-
ciency, based on available trial data.
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Promising potential: Low to moderate as a standalone neuropathy therapy be-

yond replacement. The compound is inexpensive, safe, and widely available.

Side-effect profile: Excellent. Virtually no adverse events at standard supplemen-
tal doses.

Overall validation: High for B12-deficiency neuropathy. Low to moderate for dia-
betic neuropathy independent of B12 status.

Comparison to ALCAR: Methylcobalamin and ALCAR address different mecha-
nisms of nerve injury: methylcobalamin supports myelin synthesis and one-carbon
metabolism, while ALCAR supports mitochondrial function, neurotrophic signal-
ing, and epigenetic pain modulation. The Li et al. (2016) head-to-head comparison
showed comparable efficacy. The combination is pharmacologically rational and

non-overlapping in mechanism.

12.3 Benfotiamine

Mechanism: Benfotiamine is a lipid-soluble prodrug of thiamine (vitamin B1) that
achieves substantially higher intracellular thiamine and thiamine pyrophosphate
concentrations than water-soluble thiamine. Thiamine pyrophosphate is the cofac-
tor for transketolase (pentose phosphate pathway) and for pyruvate dehydrogenase
and alpha-ketoglutarate dehydrogenase (mitochondrial energy metabolism). In hy-
perglycemic conditions, benfotiamine activates transketolase, diverting glycolytic
intermediates away from pathological pathways (advanced glycation end-product
formation, protein kinase C activation, hexosamine pathway) that drive diabetic
microvascular complications including neuropathy [33].

Clinical evidence: The BENDIP trial (Stracke et al. 2008) was a randomized, dou-
ble-blind, placebo-controlled trial of benfotiamine (300 and 600 mg per day) in dia-
betic peripheral neuropathy. The 600 mg dose produced significant improvement in
the Neuropathy Symptom Score over 6 weeks. Additional trials have reported
mixed results; the evidence base is smaller than that for ALCAR or alpha-lipoic
acid.

Novelty: Low to moderate. The mechanism (transketolase activation to divert
toxic glycolytic flux) is specific to hyperglycemia-driven neuropathy and does not
generalize to other neuropathy subtypes.
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Effect size: Small to moderate. Positive signal in the BENDIP trial at 600 mg but
limited replication.

Promising potential: Low to moderate. The compound addresses a specific
pathophysiological pathway in diabetic neuropathy but has not produced a large
clinical trial program.

Side-effect profile: Excellent. No significant adverse events at studied doses.

Overall validation: Low to moderate. Limited clinical trial data compared to
ALCAR and alpha-lipoic acid.

Comparison to ALCAR: Benfotiamine addresses a different pathophysiological
mechanism (hyperglycemia-driven toxic metabolite accumulation) than ALCAR
(mitochondrial dysfunction, neurotrophic deficit, epigenetic dysregulation). The
two mechanisms are complementary and non-overlapping. Benfotiamine is spe-
cific to diabetic neuropathy, while ALCAR has evidence across multiple neuropathy

subtypes and across non-neuropathy indications (depression, cognition).

12.4 Palmitoylethanolamide (PEA)

Mechanism: Palmitoylethanolamide is an endogenous fatty acid amide that acts
through multiple pathways including activation of peroxisome proliferator-acti-
vated receptor alpha (PPAR-alpha), indirect enhancement of endocannabinoid sig-
naling (through inhibition of fatty acid amide hydrolase and competition for degra-
dation pathways), and modulation of mast cell degranulation and neuroinflamma-
tion [34].

Clinical evidence: PEA has been studied in multiple chronic pain and neuro-
pathic pain conditions, with a meta-analysis reporting significant pain reduction
across multiple neuropathic and inflammatory pain subtypes. The compound has
regulatory approval as a medical food or dietary supplement in several jurisdic-
tions. Specific evidence for diabetic neuropathy is limited to smaller studies.

Novelty: Moderate. The PPAR-alpha and endocannabinoid-adjacent mechanisms
are distinct from classical analgesic pathways and from the ALCAR epigenetic

mechanism.

Effect size: Moderate for chronic neuropathic pain across subtypes. The evi-

dence base is growing.
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Promising potential: Moderate. Active research, growing clinical evidence, and
favorable safety profile support continued development.

Side-effect profile: Excellent. The compound is well tolerated with essentially no
reported adverse events at standard doses (300 to 1,200 mg per day).

Overall validation: Moderate. Growing evidence base but fewer large random-
ized controlled trials than ALCAR or alpha-lipoic acid for neuropathy specifically.

Comparison to ALCAR: PEA and ALCAR operate through entirely different mech-
anisms (PPAR-alpha/endocannabinoid modulation versus
mitochondrial/epigenetic/cholinergic mechanisms). The two are complementary
and non-overlapping. PEA does not share the depression, cognition, or mitochon-
drial aging applications of ALCAR. For neuropathic pain specifically, both com-
pounds show moderate analgesic efficacy.

12.5 Nicotinamide riboside (NR)

Mechanism: Nicotinamide riboside is a form of vitamin B3 that serves as a precur-
sor to nicotinamide adenine dinucleotide (NAD+) through the nicotinamide ribo-
side kinase pathway. NAD+ is a critical cofactor for mitochondrial electron trans-
port, sirtuin-dependent deacetylation, and poly-ADP-ribose polymerase-mediated
DNA repair. NAD+ levels decline with age, and restoration of NAD+ through NR sup-
plementation has been proposed as a strategy for ameliorating age-related meta-
bolic and neurological dysfunction [35].

Clinical evidence: Multiple Phase 1 and Phase 2 studies have established that NR
supplementation (250 to 2,000 mg per day) safely elevates blood NAD+ levels in hu-
mans. Evidence for clinical efficacy in specific neurological conditions is prelimi-
nary: small trials in Parkinson disease, mild cognitive impairment, and peripheral
neuropathy have produced mixed or exploratory results.

Novelty: High. The NAD+ restoration mechanism is a recent therapeutic concept
with substantial preclinical support and active clinical development.

Effect size: Uncertain for clinical endpoints. NAD+ elevation is robust; transla-

tion to functional clinical outcomes is still under investigation.
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Promising potential: Moderate to high. Active clinical development, strong pre-
clinical rationale, and substantial investment in aging and neurodegeneration
research.

Side-effect profile: Generally well tolerated. Mild gastrointestinal symptoms at
higher doses. Long-term safety data are limited.

Overall validation: Low to moderate. Strong mechanistic and biomarker evi-

dence; limited clinical outcome data.

Comparison to ALCAR: Nicotinamide riboside and ALCAR both target mitochon-
drial function but through different molecular mechanisms (NAD+ repletion versus
acetyl-group shuttle and membrane support). ALCAR has a substantially larger and
more mature clinical evidence base across neuropathy, depression, and cognition.
NR has stronger mechanistic novelty and is at an earlier stage of clinical develop-
ment. The two compounds are mechanistically complementary and could be com-
bined for synergistic mitochondrial support; this combination has not been studied
in published research.

12.6 Comparator summary

The five comparator compounds occupy distinct positions in the neuroprotective
and mitochondrial-support landscape. Alpha-lipoic acid has the most comparable
clinical evidence base to ALCAR for diabetic neuropathy and is the most natural
combination partner, with demonstrated synergy in preclinical aging models.
Methylcobalamin is effective for B12-deficiency neuropathy and comparably effec-
tive to ALCAR in a head-to-head diabetic neuropathy trial, but has a narrower
mechanistic profile. Benfotiamine addresses hyperglycemia-specific pathophysiol-
ogy that is complementary to but non-overlapping with ALCAR mechanisms.
Palmitoylethanolamide provides anti-inflammatory and endocannabinoid-adja-
cent analgesia through an entirely different mechanism. Nicotinamide riboside
represents the most mechanistically novel comparator through NAD+ restoration,
but has the least clinical outcome data.

ALCAR occupies a unique position in this comparator landscape as the only com-
pound with established clinical evidence across neuropathy, depression, and cogni-
tive decline; the only compound with a characterized epigenetic analgesic mecha-
nism; the only compound that serves as a direct acetylcholine precursor in the cen-
tral nervous system; and the only compound with identified biomarker status in
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major depressive disorder. Its principal limitations relative to the comparators are
the low oral bioavailability, the TMAO production concern on chronic dosing, and
the modest effect sizes in cognitive impairment. The breadth of mechanism and in-
dication support, the large clinical trial database, the favorable safety profile, and
the operational accessibility of the compound combine to support its continued use
as a research and clinical tool across the neuroprotective, antidepressant, and cog-
nitive-support domains.
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This monograph is provided for research use only. Not for medical, diagnostic, or
therapeutic purposes. Not for human consumption outside established pharmaceu-
tical formulations in jurisdictions where the compound is registered as a medicine.
Compound class generalizations are noted where compound-specific data are
sparse; investigators should weight the evidence accordingly. Acetyl-L-carnitine is
classified as a dietary supplement in the United States and is not approved by the
United States Food and Drug Administration for any therapeutic indication. In
some European jurisdictions, the compound is registered as a pharmaceutical for
neuropathy and cognitive indications. Investigators should consult their local regu-

Iatory authority before any human research application.
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