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Acetyl-L-Carnitine
Introduction

Acetyl-L-carnitine (ALC) is an ester of the
trimethylated amino acid, L-carnitine, and is synthesized
in the human brain, liver, and kidney by the enzyme ALCtransferase. Acetyl-L-carnitine facilitates the uptake of acetyl CoA into the mitochondria during fatty
acid oxidation, enhances acetylcholine production, and stimulates protein and membrane phospholipid
synthesis. ALC, similar in structure to acetylcholine, also exerts a cholinomimetic effect. Studies have
shown that ALC may be of benefit in treating Alzheimer’s dementia, depression in the elderly, HIV
infection, diabetic neuropathies, ischemia and reperfusion of the brain, and cognitive impairment of
alcoholism.1-3

Pharmacokinetics
L-carnitine and acetyl-L-carnitine are administered orally or intravenously and are then absorbed in the jejunum by simple diffusion. Transport into cellular tissue is via an active transport
mechanism, with studies showing plasma concentrations of ALC and L-carnitine reaching an equilibrium via carnitine acetyl-transferase activity. Both IV and oral administration result in a corresponding
increase in CSF concentrations of ALC, indicating it readily crosses the blood-brain barrier. L-carnitine and its esters undergo little metabolism and are subsequently excreted in the urine via renal
tubular reabsorption. The rate of clearance increases with the plasma concentration of these substances.45

Mechanisms of Action
The exact mechanisms of action of acetyl-L-carnitine are unknown, but current research indicates they may be related to both ALC’s cholinergic neural transmission activity and its ability to
enhance neuronal metabolism in the mitochondria. Purpura et al have attributed the cholinergic effects
of ALC to the blocking of post-synaptic inhibition potentials,6 while others have suggested it is due to
direct stimulation of the synapses.7 As to enhanced cellular energetics in the mitochondria, human
studies have shown ALC has the ability to stabilize cell membrane fluidity via regulation of sphingomyelin levels, and also provides a substrate reservoir for cellular energy production, thereby preventing excessive neuronal cell death. Acetyl-L-carnitine has also been shown to increase hippocampal
binding of glucocorticoids and of nerve growth factor.8

Clinical Indications
Alzheimer’s Dementia
Several studies have demonstrated the effectiveness of ALC in improving cognitive performance in patients suffering from Alzheimer’s dementia. These studies were usually 3-6 months in
length and oral dosages ranged from 1-3 g ALC/day. Results varied, but generally speaking, improvements were noted in spacial learning tasks, timed tasks of attention, discrimination-learning tasks, and
tasks of personal recognition.9-11 At a dosage of 2 g ALC daily, one study demonstrated a decrease in
deterioration of reaction time, in addition to improvement in short-term memory related tasks.9 Studies
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Depression
In cases of major depression, it has been demonstrated that the circadian rhythm of cortisol
secretion appears to be altered, with depressed patients having an increase in total cortisol secretion.12
This is probably a result of an increased activation of the hypothalamo-pituitary-adrenocortical (HPA)
system. Animal studies have indicated ALC administration may have an inhibitory effect on HPA
activity, resulting in a reduction of cortisol levels and thereby an improvement in depressive symptoms. No data is available on ALC’s effectiveness in modulating HPA activity in humans.13 In a twomonth study of 24 depressed elderly patients it was demonstrated that ALC treatment was highly effective, particularly in patients with more serious depressive symptoms.14 In another study of 28 elderly
patients, Garzya et al demonstrated that 500 mg ALC three times per day was effective in counteracting
symptoms of depression. Patients in both studies were evaluated using the Hamilton Rating Scale for
Depression, with decreased scores representing a relief of depressive symptomology.15
HIV Infection
The main immunological abnormality of HIV-infected patients is decreased CD4 cell counts
via lymphocyte apoptosis. In a small study of 11 asymptomatic HIV-infected patients, Di Marzio et al
investigated the effects of ALC on CD4 and CD8 cell counts, apoptosis, and insulin-like growth factor1 (IGF-1). The dosage was 3 grams daily for a period of five months. Results indicated ALC administration substantially decreased lymphocyte apoptosis, possibly due to a reduction in ceramide generation and/or an increase in serum levels of IGF-1, a factor important to apoptosis survival.16 In addition,
HIV-infected patients on nucleoside analogue therapy commonly experience peripheral neuropathy as
an adverse effect of the medications. Patients taking stavudine, zalcitabine, or didanosine may have to
discontinue therapy as a result. Recent studies have suggested acetyl-L-carnitine as well as recombinant human nerve growth factor may be beneficial in managing this condition.17
Diabetic Neuropathy/Cataracts
Approximately one-third of diabetic patients are affected by peripheral neuropathy.18 Animal
studies have demonstrated a link between imbalances in carnitine metabolism and several metabolic
and functional abnormalities associated with diabetic polyneuropathy.19 Currently no human studies of
oral ALC and its affects on diabetic neuropathy are available. The human studies that have been done
used an injectable form of the supplement. These studies indicated ALC administration via injection
resulted in decreased neuropathy-associated pain and better nerve function.20-21 Patients with diabetes
mellitus also frequently develop cataracts as a result of the formation of advanced glycation end-products (AGE). Studies have shown a dramatic depletion of lenticular L-carnitine and acetyl-L-carnitine
in experimentally-induced diabetic rats. In another study, calf lens tissue was incubated with both Lcarnitine and ALC for 15 days. The results showed that while L-carnitine had no effect on in vitro
glycation, acetyl-L-carnitine decreased crystallin glycation by 42 percent.22
Cerebral Ischemia and Reperfusion
The neuro-regenerative effects of ALC have been studied extensively in experimental animal
models of post-ischemic cerebral injury. These studies demonstrated ALC administration improved
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on the long-term effects of ALC administration are few, but Spagnoli et al demonstrated that 1-2 g daily
for one year resulted in a decrease in behavioral deterioration, and an improvement in long-term memory
performance.2

neurological outcome,23 prevented free radical-mediated protein oxidation, normalized levels of brain
energy metabolites,24 and decreased lactic acid content during early post-ischemic reperfusion.25 Human
studies are not as numerous, but Rosadini et al investigated the effects of ALC on regional cerebral
blood flow in 10 male patients with brain ischemia and observed beneficial effects in 8 of 10 patients
one hour after IV administration of 1500 mg ALC.26
Cardiovascular Applications
Like L-carnitine, acetyl-L-carnitine enhances fatty acid transport for ATP production in the
mitochondria of both skeletal and heart muscle, thereby affording protection from free-radical damage.27 Animal studies have also shown that ALC administration reverses the age-associated decline in
cardiolipin content of heart tissue mitochondria.28
Ethanol Ingestion
Animal studies have investigated the effects of both carnitine and ALC on hepatic detoxification of ethanol. Cha and Sachan demonstrated that administration of carnitine and ALC retarded ethanol oxidation, but that it required 100 times the concentration of carnitine to equal the maximal inhibition produced by acetyl-L-carnitine. They concluded that acetyl-L-carnitine is the mediator of carnitine inhibition of ethanol oxidation and the inhibition is of a competitive nature with NAD+.29-30 In a
90-day study of 55 chronic alcoholics, ALC administration improved cognitive performance in chronic
alcoholics, suggesting acetyl-L-carnitine may be a useful therapeutic agent for treating cognitive disturbances of chronic alcoholics.31

Dosage/Toxicity
Acetyl-L-carnitine is usually given orally in tablet or capsule form with dosage ranging from 13 grams daily, in divided doses. If administered intravenously, the dosage is usually 1500-2000 mg.
ALC is considered safe at these dosages and without incidence of significant side effects, even with
long-term (one year) administration. The most common adverse reactions noted have been agitation,
nausea, and vomiting.2,9

References
1.
2.
3.
4.
5.
6.
7.
8.
9.

Murray M, Pizzorno J. Encyclopedia of Natural Medicine. Rocklin, CA: Prima Publishing;1998:230.
Spagnoli A, Lucca U, Menasce G, et al. Long-term acetyl-L-carnitine treatment in Alzheimer’s disease. Neurology
1991;41:1726-1732.
Furlong JH. Acetyl-L-Carnitine: Metabolism and applications in clinical practice. Altern Med Rev 1996;1:85-93.
Parnetti L, Gaiti A, Mecocci P, et al. Pharmacokinetics of IV and oral acetyl-L-carnitine in a multiple dose
regimen in patients with senile dementia of Alzheimer type. Eur J Clin Pharmacol 1992;42:89-93.
Marcus R, Coulston AM. Water-soluble vitamins. In: Hardman JG, Limbird LE eds. The Pharmacological Basis
of Therapeutics. 9th edition. New York: McGraw-Hill;1996.
Purpura DP, Girado M, Smith TG, et al. Structure activity determinants of pharmacological effects of amino acids
and related compounds on central synapses. J Neurochem 1959;3:238.
Hayashi K. Action of carnitine on excitable tissues of vertebrates. In: Peeters H ed. Protides of the Biological
Fluids. Amsterdam: Elsevier;1960:371-381.
Perez Polo JR, Werrbach-Perez K, Ramacci MT, et al. Role of nerve growth factors in neurological disease. In:
Agnoli A, Cahn J, Lassen N, et al. eds. Senile dementias. 2nd International Symposium. Paris: Libby;1988:15-25.
Rai G, Wright G, Scott L, et al. Double-blind, placebo controlled study of acetyl-l-carnitine in patients with
Alzheimer’s dementia. Curr Med Res Opin 1990;11:638-647.

Page 440
Alternative Medicine Review ◆ Volume 4, Number 6 ◆ 1999
Copyright©1999 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission

11.
12.
13.

14.
15.
16.

17.
18.
19.
20.
21.
22.
23.
24.
25.

26.
27.
28.
29.
30.
31.

Bonavita E. Study of the efficacy and tolerability of L-acetylcarnitine therapy in the senile brain. Int J Clin Pharm
Ther Toxicol 1986;24:511-516.
Sano M, Bell K, Cote L, et al. Double-blind parallel design pilot study of acetyl levocarnitine in patients with
Alzheimer’s disease. Arch Neurol 1992;49:1137-1141.
Gecele M, Francesetti G, Meluzzi A. Acetyl-L-carnitine in aged subjects with major depression: clinical efficacy
and effects on the circadian rhythm of cortisol. Dementia 1991;2:333-337.
Angelucci L, Ramacci MT. Hypothalamo-pituitary-adrenocortical functioning in aging: Effects of acetyl-lcarnitine. In: DeSimone C, Martelli EA, eds. Stress, Immunity and Aging, A Role for Acetyl-L-Carnitine.
Amsterdam: Elsevier; 1989.
Tempesta E, Casella L, Pirrongelli C, et al. L-acetylcarnitine in depressed elderly subjects. A cross-over study vs
placebo. Drugs Exp Clin Res 1987;13:417-423.
Garzya G, Corallo D, Fiore A, et al. Evaluation of the effects of L-acetylcarnitine on senile patients suffering from
depression. Drugs Exp Clin Res 1990;16:101-106.
Di Marzio L, Moretti S, D’Alo S, et al. Acetyl-L-carnitine administration increases insulin-like growth factor 1
levels in asymptomatic HIV-1-infected subjects: correlation with its suppressive effect on lymphocyte apoptosis
and ceramide generation. Clin Immunol 1999;92:103-110.
Moyle GJ, Sadler M. Peripheral neuropathy with nucleoside antiretrovirals: risk factors, incidence and management. Drug Saf 1998;19:481-494.
Fedele D, Giugliano D. Peripheral diabetic neuropathy. Current recommendations and future prospects for its
prevention and management. Drugs 1997;54:414-421.
Ido Y, McHowat J, Chang KC, et al. Neural dysfunction and metabolic imbalances in diabetic rats. Prevention by
acetyl-L-carnitine. Diabetes 1994;43:1469-1477.
Onofrj M, Fulgente T, Melchionda D, et al. L-acetylcarnitine as a new therapeutic approach for peripheral
neuropathies with pain. Int J Clin Pharm Res 1995;15:9-15.
Lowitt S, Malone JI, Salem AF, et al. Acetyl-L-carnitine corrects the altered peripheral nerve function of experimental diabetes. Metabolism 1995;44:677-680.
Swamy-Mruthinti S, Carter AL. Acetyl-L-carnitine decreases glycation of lens proteins: in vitro studies. Exp Eye
Res 1999;69:109-115.
Calvani M, Arrigoni-Martelli E. Attenuation by acetyl-L-carnitine of neurological damage and biochemical
derangement following brain ischemia and reperfusion. Int J Tissue React 1999;21:1-6.
Rosenthal RE, Williams R, Bogaert YE, et al. Prevention of postischemic canine neurological injury through
potentiation of brain energy metabolism by acetyl-L-carnitine. Stroke 1992;23:1317-1318.
Aureli T, Miccheli A, Di Cocco ME, et al. Effect of acetyl-L-carnitine on recovery of brain phosphorus metabolites and lactic acid level during reperfusion after cerebral ischemia in the rat - study by 13P- and 1H-NMR
spectroscopy. Brain Res 1994;18:92-99.
Rosadini G, Marenco S, Nobili F, et al. Acute effects of acetyl-L-carnitine on regional and cerebral blood flow in
patients with brain ischaemia. In J Clin Pharmacol Res 1990;10:123-128.
Di Giacomo C, Latteri F, Fichera C, et al. Effect of acetyl-L-carnitine on lipid peroxidation and xanthine oxidase
activity in rat skeletal muscle. Neurochem Res 1993:18:1157-1162.
Paradies G, Petrosillo G, Gadaleta MN, Ruggiero FM. The effect of aging and acetyl-L-carnitine on the pyruvate
transport and oxidation in rat heart mitochondria. FEBS Lett 1999;454:207-209.
Cha YS, Sachan DS. Acetylcarnitine-mediated inhibition of ethanol oxidation in hepatocytes. Alcohol
1995;12:289-294.
Sachan DS, Cha YS. Acetylcarnitine inhibits alcohol dehydrogenase. Biochem Biophys Res Commun
1994;203:1496-1501.
Tempesta E, Troncon R, Janiri L, et al. Role of acetyl-L-carnitine in the treatment of cognitive deficit in chronic
alcoholism. Int J Clin Pharm Res 1990;10:101-107.

Alternative Medicine Review ◆ Volume 4, Number 6 ◆ 1999

Page 441

Copyright©1999 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission

Acetyl-L-Carnitine

10.

