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The prevention or alleviation of neurodegenerative diseases, including Alzheimer’s disease (AD), is a challenge for
contemporary health services. For the prevention or alleviation of AD by introducing an appropriate carnitine-rich diet,
dietary carnitine supplements and the MIND (Mediterranean-DASH Intervention for Neurodegenerative Delay) diet, it
contains elements of the Mediterranean diet and the Dietary Approaches to Stop Hypertension (DASH) diet. L-carnitine
(LC) plays a crucial role in the energetic metabolism of the cell. A properly balanced diet contains a substantial amount of
LC as well as essential amino acids and microelements taking part in endogenous carnitine synthesis. In healthy people,
carnitine biosynthesis is sufficient to prevent the symptoms of carnitine deficiency.
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1. Prevention of Alzheimer’'s Disease—Mediterranean and MIND
(Mediterranean-DASH Intervention for Neurodegenerative Delay) Diets

In contemporary medicine, the prevention of neurodegenerative diseases is one of the main objectives for many branches
of health services. The appropriate types and quality of food may be important factors for preventing and supporting the
treatment of Alzheimer’s disease (AD). The early prevention of AD starts by reducing risk factors: reducing the smoking of
cigarettes, preventing hypertension, insuring optimal concentrations of homocysteine, preventing type 2 diabetes,
combating insulin resistance and obesity, limiting stress, avoiding toxins, and mental and physical training are important
components of AD prevention. Appropriate nutrition is an essential and modifiable factor that plays a key role in preventing
and/or delaying the onset of dementia, including AD. It was reported that a reduction in amount of fried meat and an
increase in the amounts of other foods (such as fish, cheese, vegetables and vegetable oil) in the diet significantly
reduced the incidence of AD [, Diets rich in advanced glycation end products (AGEs), which arise during long-lasting
food thermal processing (heating, frying and irradiation), significantly accelerate the development of AD [&. High
concentrations of AGEs are contained in (a) products containing sugar (candy, cookies, chocolate biscuits, cakes, fizzy
drinks, pastries and sauces); (b) processed meats such as sausages and conserved and preserved meat; (c) processed
dairy products; (d) food containing trans fats such as margarine and cream; and (e) highly fried products such as fried
potatoes, crisped cakes etc. The lowest amounts of AGEs are found in fresh fruits, vegetables, seafood, products with
short thermal processing, and raw and non-processed food. A correctly composed diet rich in polyunsaturated (from the
families of omega-3 and omega-6) and monounsaturated fatty acids as well as antioxidative vitamins (E, C and [3-
carotene) reduces the risk of AD development. It was reported that a decrease in the impairment of cognitive function and
dementia risk were connected with a decrease in the consumption of milk and dairy products. The consumption of full-fat
dairy products may be connected with worsening cognitive function in older people. It was reported that moderate alcohol
consumption may be connected with a decrease in the risk of dementia due to AD BI4: however, recently, the Lancet
published a statement concerning alcohol, that there is “no safe limit, even one drink a day, increases risk of chronic non
infectious diseases” [,

A large one was demonstrated the association of consuming a Mediterranean diet with a decrease in the incidence of AD,
which creates hope for using the Mediterranean diet as a modifiable risk factor in protection against AD €A, A
Mediterranean diet rich in vegetables with low starch contents, fruit with low glycemic indices, cereal products, legumes,
plant oils (olive, colza, linen and sunflower) and fish (especially sea fish: halibut, herring, mackerel and sardines) and a
diet containing moderate amounts of meat and dairy products positively affect health conditions and may decrease the
risk of the development of many diseases including neurodegenerative diseases [El19],

It was reported that people adhering to a Mediterranean diet have a 28% decreased risk of cognitive disturbances and
48% decreased risk of AD in comparison to people who do not consume a Mediterranean diet 19, |t seems that a
complex nutritional strategy initiated in the early stages of cognitive impairment is the most pragmatic approach for
controlling the progress of AD 4. Presently, for the elderly and people at risk of AD, nutrition based on the MIND



(Mediterranean-DASH Intervention for Neurodegenerative Delay) diet—composed of DASH (Dietary Approaches to Stop
Hypertension) diet and the Mediterranean diet (MD), considered as the healthiest diet on earth, constituting a careful
nutritional program—is recommended 2. In the opinion, the MIND diet should be a very important element of many
disease prevention strategies, including those for dementia and AD.

| 2. Physiological Properties of L-Carnitine
2.1. Role of L-Carnitine and Acetyl-L-Carnitine in Human Brain Metabolism

L-carnitine is actively transported to the brain through the blood—brain barrier by the organic cation transporter OCTN2
and accumulates in neural cells especially as acetylcarnitine. LC, besides its important role in the metabolism of lipids, is
also a potent antioxidant (free radical scavenger) and thus protects brain tissues against oxidative damage [,
Mitochondria, as the main source of cell energy as well as ROS and antioxidants, play a key role in the production of ATP,
regulating apoptosis and detoxication, maintaining membrane potentials and the distributions of ions in appropriate
compartments of the cell, etc. Maintaining mitochondrial homeostasis is crucial for the development and proper action of
neurons. Dietary supplements applied for maintaining mitochondrial homeostasis include L-carnitine; coenzyme Qiq;
mitoquinone mesylate; and other mitochondrion-targeted antioxidants such as N-acetylcysteine; vitamins C, E, K; and B;
sodium pyruvate; and lipoic acid 4],

Even though the brain’s basic energetic substrate is glucose, L-carnitine (LC) is important in brain energetic lipid
metabolism, taking part in the transport of the long chain fatty acids from the cytoplasm to mitochondria 21 and acetyl
groups from mitochondria to the cytoplasm 1€, Maintaining a suitable relationship between cellular acetyl-CoA and CoA,
L-carnitine ensures correct energetic cell metabolism 4. It should be mentioned that connecting acyl and acetyl groups
to LC increases LC's hydrophobicity, which facilitates LC’s crossing of the blood-brain barrier. After the penetration of
brain mitochondria with long chain fatty acids, LC reacts with free coenzyme A (CoASH)—a reaction catalyzed by
carnitine palmitoyltransferase Il (CPT Il)—releasing LC 18],

Therefore, LC improves energetic brain homeostasis by supplying acyl groups to the mitochondria of the brain cells. ALC
is an important factor expanding the brain’s sources of energy; therefore, treatment with ALC is responsible for a reduction
in brain glycolytic flow and the enhancement of the utilization of alternative energy sources, such as fatty acids or ketone
bodies 19, that may reduce brain glucose utilization 2. ALC can provide an acetyl moiety that can be oxidized for energy
production; used as a precursor for acetylcholine; or incorporated into glutamate, glutamine and y-aminobutyric acid, as
well as into lipids for myelination and cell growth [21, ALC also has many other functions in the body. ALC's ability to freely
pass the brain—blood barrier could help brain fatty acid transport for oxidation in mitochondria that improves brain energy
metabolism. ALC supplementation positively influences the activity of enzymes in the tricarboxylic acid cycle, the electron
transport chain and amino acid metabolism 22, ALC acts neuroprotectively by improving the energetic function of brain
mitochondria, the elimination of oxidative products, the stabilization of the cell membranes and neurotrophic factor
production (stimulates protein and phospholipid biosynthesis), and it exerts anti-apoptotic functions, as well as modulating
the expression of genes coding proteins, and protects neural cells from excitotoxicity 23!, Additionally, ALC provides acetyl
groups for the synthesis of acetylcholine 24! and acetylation of nuclear histones 2. ALC counteracts stressogenic agents
by maintaining proper plasma concentrations of B-endorphin and cortisol 28], ALC stimulates a-secretase activity and
physiological amyloid precursor protein (APP) metabolism. In particular, ALC favors the delivery of disintegrin and
metalloproteinase domain-containing protein 10 (ADAM10), the most accredited o-secretase, to the post-synaptic
compartment and, consequently, positively modulates ADAM10’s enzymatic activity toward APP 2. paimitoylcarnitine
(ester of carnitine with palmitic acid) can stimulate the expression of GAP-43 (also named B-50, neuromodulin, F1, pp45),
a protein involved in neural development, neuroplasticity and neurotransmission [28l. ALC increases the concentration of
the brain-derived neurotrophic factor (BDNF), that is lowered in AD patients 2239 AL C increases astrocytes’ glutathione
concentrations (an important cellular antioxidant), which are lowered with age 4. ALC is recommended for delaying the
onset and development of Alzheimer’s and Parkinson’s diseases, and alleviating the symptoms of senile depression and
memory disturbances connected with age; it also improves memory 22331341 |t was confirmed that the multidirectional
positive role of ALC in the dopaminergic system 32 depended on the slowing down of the progressive deterioration of
dopaminergic receptors with a simultaneous increase in the concentrations of dopamine (a neurotransmitter responsible
for mood, processes of thinking, the coordination of movement and resistance to stress) in neurons 28, It was reported
that the LC supplementation of experimental animals significantly increased their levels of neurotransmitters such as
noradrenaline, adrenaline and serotonin, especially in brain regions rich in cholinergic neurons, i.e., the brain cortex,
hippocampus and striatum B3 Al C improves dopamine metabolism, prevents degenerative changes in dopamine-
producing neurons and reduces the age-dependent process of the destruction of receptors that bind dopamine [E&l,
Cristofano et al. B9 showed a progressive decrease in ALC and other acyl-carnitines’ serum levels in people changing



from normal to AD and concluded that the decreased serum concentrations of ALC and hence its disturbed functions may
predispose to AD and contribute to neurodegeneration. Clinical ones in humans demonstrated positive effects of ALC on
brain function, cognition and memory that led to the suggestion that ALC may slow or reverse mild cognitive impairment
and the progression of dementia in Alzheimer’s disease 29,

ALC supplementation is recommended for improving brain and nervous system action, memory, the speed of learning and
memorization, the level of brain energy, psychological conditions and mood, and the effects of therapies for brain
neurodegenerative disorders and peripheral neuropathies 1311331,

2.2. Recommendations for L-Carnitine Content in the Diet

LC is an essential nutritional component delivered in food produced from animals, because LC endogenic synthesis is
insufficient to cover metabolic needs. Primary carnitine deficiency is rare, but secondary carnitine deficiency is more
frequent, being associated with several inborn errors of metabolism and acquired medical or iatrogenic conditions, for
example, in patients under valproate and zidovudine treatment. Other chronic conditions such as diabetes mellitus, heart
failure and Alzheimer’s disease in connection with diseases creating increased catabolism may cause secondary carnitine
deficiency (211,

Presently, there are no published recommended carnitine reference values. In the majority, the estimated average daily
carnitine requirements for an adult person amount to 20-200 mg, which is covered by diet and endogenous synthesis.
Meat, fish and dairy products provide at least 80% of the required LC “2. Based on rational dietary rules supporting good
health, it is important to introduce carnitine-rich food 4344l including carnitine supplementation. However, it should be
taken into consideration that the bioavailability of LC from food is about four times higher than that from dietary
supplements. Additionally, it should be taken into consideration that a high-fat, low-carbohydrate diet might be capable of
boosting the endogenous synthesis of carnitine and its metabolites 43,

2.3. Supplementation with L-Carnitine and Its Derivatives

In the prevention and treatment of patients with Alzheimer’s disease, supplementation with carnitine is essential for
complementing intracellular and extracellular carnitine resources. In addition, LC supplementation is intended to facilitate
the elimination of toxic metabolites that may interfere with mitochondrial homeostasis, thereby interfering with the
production of cellular energy, further leading to increased ROS production in many neurodegenerative diseases.

LC in the form of powder, fluid, tablets or capsules has been approved by the American Food and Drug Administration
(FDA) for the treatment of primary and secondary carnitine deficiency. Experimental data obtained in in vitro and in vivo
research did not demonstrate toxicity of LC. No side effects (including allergic reactions) were observed after the oral
administration of LC in humans. However, some people using LC showed symptoms of alimentary tract intolerance
(periodical nausea, diarrhea and tummy ache). People using large doses of LC may emit a fish body odor caused by the
trimethylamine produced in the gut from LC by intestinal bacteria “&. There were no published of LC intoxication. For the
LC supplementation of the healthy adults, there were administered 250 mg to 2.0 g (highest safe dose) of LC dalily, in
several doses 44, Daily LC doses greater than 2.0 g appeared to offer no advantage, since the gut mucosal absorption of
carnitine appears to be saturated at about a 2.0 g daily dose 48, A meta-analysis of 21 double-blind, randomized,
placebo-controlled ones lasting from three months to one year showed that ALC either improved cognitive deficits or
delayed the progression of cognitive decline. Improved cognitive function and delayed progression of cognitive decline
were both statistically and clinically significant, with the magnitude of the effects increasing over time. Most used daily
doses of LC of 1.5-2.0 g, which were well tolerated 9. The treatment of ALC with doses of 2.25-3.0 g/day in patients
with mild (initial) dementia caused by AD and vascular dementia (VD) led to a significant clinical improvement in patients
with AD compared to in VD patients and placebo-treated patients 9. In another one, 11 patients suffering from senile
dementia of the Alzheimer’s type were treated intravenously with ALC at 30 mg/kg for 10 days, and 1.5 g/day per os for 50
days, in three daily doses. It was concluded that the intravenous and oral administration of multiple doses of ALC
increases ALC plasma and CSF concentrations in patients suffering from AD, which suggests that ALC easily crosses the
blood—brain barrier 21, The bioavailability of LC in food supplements depends on the applied doses 3152, As a general
guideline, the average therapeutic ALC dose is 1.0 g, given two to three times daily for a total of 2.0-3.0 g. No advantage
appears to exist in giving an oral dose greater than 2.0 g of ALC at one time, since absorption ones was indicated the
saturation of GI receptors (receptors coupled with proteins G) at this dose 2. The reported side effects of LC (especially
at high doses) include agitation, headaches, diarrhea, nausea, vomiting, anorexia and abdominal discomfort, mostly of
mild or moderate severity (331,



2.4. Choosing Proper Form of Carnitine Supplements

LC and its derivatives have been proposed as drugs or as adjuncts to conventional medicine for many conditions,
including stable angina, intermittent claudication, diabetic neuropathy, kidney disease and dialysis, hyperthyroidism, male
infertility, erectile dysfunction, chronic fatigue syndrome, AD and memory impairment 3. Many specimens containing LC
differing only in form (powder, liquid, tablets or capsules) are available on the market. Free or in combination with organic
acids, e.qg., citric, fumaric or orotic acids, LC given as a dietary supplement is perfectly bioavailable. A combination of LC
and arginine facilitates the release of ammonia as an end product of protein and amino acid metabolism. It was reported
that for epileptics, exceptionally beneficial is a combination of LC with taurine because taurine acts as a modulator of
membrane excitability in the central nervous system by inhibiting the release of other neurotransmitters and decreasing
the mitochondrial release of calcium 24, When administering organic salts of LC, it should be taken into consideration that
a given free carnitine content corresponds to a higher weight of drug 532, However, healthy people should avoid the oral
intake of LC at amounts higher than 1.0-2.0 g/day in 3—4 doses B2, The bioavailability of LC from foods is 54-87% of the
LC content and is dependent on the amount of LC in the meal. The absorption of LC from dietary supplements (0.5-6.0
g/day) is primarily passive, and the bioavailability is 14-18% of LC in the dose. LC that is unabsorbed in the
gastrointestinal tract is mostly degraded by microorganisms in the large intestine (42,

2.4.1. Pure L-Carnitine (LC)

A prevalent and the most economical form of L-carnitine supplementation is orally administered LC powder or solution. LC
powder or solution is recommended for people taking care of their appearance and pursuing a reduction in or maintaining
the proper level of their body weight. LC is also recommended for supporting the circulatory system by reducing the risk of
ischemic heart disease and other circulatory disorders B8, LC, as an organic osmoprotectant, has been proven to have
protective roles against the production of proinflammatory mediators and apoptosis in primary human corneal epithelial
cells exposed to hyperosmotic media, as well as in dry-eye patients BAE8l |t was reported that LC supplementation
improved the depression state in patients undergoing hemodialysis 22, A deficiency of carnitines in terminally ill HIV/AIDS
patients requires supplementation. Significant reductions in serum lactate after LC supplementation may have clinical
significance in patients taking certain antiretroviral drugs 2. L-carnitine plays an important role in energy metabolism.
Skeletal muscles store about 95% of the total of 20 g carnitine contained in the adult human body, but high-intensity
physical exercise decreases the muscle’s carnitine content. It has been proven that L-carnitine supplementation may
enhance athletic performance when coupled with physical exercise itself (611,

2.4.2. Acetyl L-Carnitine (ALC)

L-carnitine acetylation increases L-carnitine’s hydrophobicity, which permits ALC’s crossing of the blood—brain barrier. ALC
shows neuroprotective action on nervous cells, supports energetic metabolism and the regeneration of nerve cell
structures, and alleviates mitochondrial dysfunction and apoptosis 2, improving memory and creativity. It has been
suggested a beneficial effect of ALC on cognition and behavior in aging and AD subjects B2, In AD patients, ALC
improves clinical and cognitive functions in the short and medium term (3 and 6 months) in varied doses (1.5-3.0 g/day).
Additionally, with 12 month treatment at a dose of 2.0 g/day, ALC slows down the deterioration of cognitive function in AD
patients €31, Other experimental data confirm the effectiveness of ALC supplementation in protecting against brain
damage, for example, the application of 100 mg/kg body weight of ALC reduced the volume of brain injury and improved
victims' behavior after traumatic brain injury. Additionally, ALC reduces oxidative stress and improves the function of
mitochondrial membranes provoked by neurotoxic glutamate action 4. The efficacy, safety and tolerability of ALC were
learned during a double-blind, placebo-controlled, 12-week trial in patients with initial dementia caused by AD and
vascular dementia (VD). The trial ended with the conclusion that ALC (carnicetine) can be recommended at doses of
2.25-3.0 g/day for the treatment of the early stages of AD and VD. ALC was well-tolerated 9. Recently, the unique
pharmacological properties of ALC have been confirmed, which allowed to look at this molecule as a representative of the
next generation of antidepressants with a safe profile, especially for older people [€2],

2.4.3. Propionyl L-Carnitine (PLCAR)

Propionyl-L-carnitine (PLCAR), or L-carnitine esterified with propionic acid, is more stable and bioavailable than free
carnitine, with significantly stronger action than free L-carnitine, especially in the circulatory system and cardiac muscle.
PLCAR was recommended for the treatment of diseases of the peripheral arteries and other disturbances of the
cardiovascular system B8I68] According to some data, PLCAR increases the concentration of L-carnitine in muscles
independently of insulin levels, which is beneficial during the application of low carbohydrate diets. It was proven that
PLCAR prevents the peripheral neuropathy connected with diabetes or toxic chemotherapy, improving nervous
conductivity and blood flow in peripheral nerves 231,



2.4.4. Acetyl L-Carnitine Arginate (ALCA)

Damaged mitochondria are associated with decreased ATP production and increased reactive oxygen species production,
both of which characterize AD patients. Arginine is a substrate for nitric oxide (NO) synthesis that improves the extension
of blood vessel walls and improves blood circulation in the organism 4. Acetyl L-Carnitine Arginate is an assistant to
mitochondrial function, that helps to promote cell growth and cellular differentiation and may even play a role in the
slowing the aging process. ALCA helps to boost mitochondrial energy production and promotes targeted benefits for the
brain, heart and central nervous system. Supplementation with ALCA results in an increase in resting nitrate/nitrite levels
in pre-diabetics, without any statistically significant changes in other substances connected with metabolic or oxidative
stress (malondialdehyde, xanthine oxidase activity and hydrogen peroxide) (€8], Alpha-lipoic acid (ALA) (an eight-carbon
saturated fatty acid)}—a compound with strong antioxidative action, required by the pyruvate dehydrogenase complex for
starting the tricarboxylic acids cycle—is frequently added to ALC. An important function of ALA in organisms is a
redirection of anaerobic to aerobic metabolism in cells, preventing the acidification of the organism and enabling the
generation of much more energy than can be generated by anaerobic metabolism B9, |t was reported that old rats that
were fed with ALC and ALA significantly reduced their numbers of severely damaged mitochondria and increased the
numbers of intact mitochondria in the hippocampus. The above results suggest that feeding ALC with ALA may also
ameliorate age-associated mitochondrial ultrastructural decay in humans 62,

2.4.5. Glycine-Propionyl- L-carnitine (GPLC)

Glycine improves the gut absorption and transfer through the intestinal walls of L-carnitine and facilitates the reaching of
the circulation by L-carnitine. The combination of L-carnitine with glycine and propionic acid (GPLC) significantly improves
the absorption and utilization of L-carnitine by cells. GPLC supports the production of nitric oxide (NO), an important
substance facilitating blood circulation during physical training 9. By stimulating NO synthesis, GPLC induced the
distension of blood vessels, lowering pressure on the blood vessel walls. GPLC facilitates the faster and more efficient
transport of fats to muscle cells (an important source of energy during prolonged physical exercise, when glycogen stores
are exhausted) and facilitates the elimination of metabolic waste products. GPLC exhibits strong antioxidative properties
that protect cells against the action of free radicals of oxygen and nitrogen. It was reported that GPLC significantly
increases glutathione levels and decreases the levels of markers reflecting an increased speed of protein and lipid
oxidation in humans 1. GPLC increases the effectivity of citric acid cycle and inhibits lactate synthesis, prolonging the
time of effective physical activity 2. It was showed that GPLC significantly blocked D-galactosamine-induced pro-
inflammatory cytokine (TNF-a and IL-6) production and, at the same time, inhibited the expression of a-smooth muscle
actin, collagen-l and transforming growth factor-f3. It has been demonstrated that GPLC has hepatoprotective effects
against fulminant hepatic failure and chronic liver injury induced by D-galactosamine. Blommer et al. 3 determined the
effect of GPLC on oxidative stress biomarkers at rest and on reactive hyperemia during the exercise of trained men. They
found a decrease in lipid peroxidation with the oral intake of GPLC at rest, and in previously sedentary subjects. Whereas
short-term ischemia—reperfusion in trained men results in a modest and transient increase in blood oxidative stress
biomarkers, oral GPLC supplementation during short-term ischemia—reperfusion in trained men does not attenuate the
increase in oxidative stress biomarkers.

2.4.6. L-Carnitine-L-Tartate (LCLT)

L-carnitine-L-tartate (LCLT) contains L-tartate coupled with L-carnitine. L-tartate intensifies L-carnitine’s action by
decreasing glucose absorption from the gastro-intestinal tract and decreasing the deposition of spare fats. LCLT is
recommended for persons desiring to reduce fat tissue and improve efficiency and muscle force during training. Some
research has shown that LCLT supplementation beneficially affects markers of hypoxic stress following resistance
exercise. Muscle oxygenation was reduced by LCLT in the trial upper arm occlusion and following each set of resistance
exercise. Despite reduced oxygenation, plasma malondialdehyde, a marker of membrane damage, was attenuated during
the LCLT trial. The hypoxic stress was attenuated with LCLT supplementation 4. The use of LCLT relieved the damage
caused by metabolic stress and the hypoxic chain of events leading to muscle damage after exercise (reduced post-
exercise serum levels of hypoxanthine, xanthine oxidase and myoglobin and perceived muscle soreness) 2. In addition,
a positive effect of LCLT on the endocrine system has been demonstrated. The supplementation of LCLT increased
androgen receptor content in the muscle, which may result in increased testosterone uptake and thus enhanced
luteinizing hormone secretion via feedback mechanisms, which may promote recovery post resistance exercise 8,
Chronic LCLT supplementation increased carbohydrate oxidation during exercise 4. The influence of LCLT on markers of
purine catabolism (hypoxanthine, xanthine oxidase and serum uric acid), circulating cytosolic proteins (myoglobin, fatty
acid-binding protein and creatine kinase), free radical formation, and muscle tissue disruption after squat exercise was
examined. Exercise-induced increases in plasma malondialdehyde (a lipid peroxidation product) returned to resting values



sooner with LCLT supplementation than with a placebo. The above data indicate that LCLT supplementation is effective in

assisting recovery from high-repetition squat exercise 8],

References

1.

10.
11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

Perrone, L.; Grant, W.B. Observational and ecological studies of dietary advanced glycation end products in national
diets and Alzheimer’s disease incidence and prevalence. J. Alzheimers Dis. 2015, 45, 965-979.

. Lubitz, 1.; Ricny, J.; Atrakchi-Baranes, D.; Shemesh, C.; Kravitz, E.; Liraz-Zaltsman, S.; Maksin-Matveev, A.; Cooper, |.;

Leibowitz, A.; Uribarri, J.; et al. High dietary advanced glycation end products are associated with poorer spatial
learning and accelerated AR deposition in an Alzheimer mouse model. Aging Cell 2016, 15, 309-316.

. Solfrizzi, V.; Panza, F.; Frisardi, V.; Seripa, D.; Logroscino, G.; Imbimbo, B.P.; Pilotto, A. Diet and Alzheimer’s disease

risk factors or prevention: The current evidence. Expert Rev. Neurother. 2011, 11, 677-708.

. Anastasiou, C.A.; Yannakoulia, M.; Kosmidis, M.H.; Dardiotis, E.; Hadjigeorgiou, G.M.; Sakka, P.; Arampatzi, X.;

Bougea, A.; Labropoulos, I.; Scarmeas, N. Mediterranean diet and cognitive health: Initial results from the hellenic
longitudinal investigation of ageing and diet. PLoS ONE 2017, 12, e0182048.

. GBD 2016 DALYs and HALE Collaborators. Global, regional, and national disability-adjusted life-years (DALYs) for 333

diseases and injuries and healthy life expectancy (HALE) for 195 countries and territories, 1990-2016: A systematic
analysis for the Global Burden of Disease Study 2016. Lancet 2017, 390, 1260-1344.

. Yusufov, M.; Weyandt, L.L.; Piryatinsky, |. Alzheimer’s disease and diet: A systematic review. Int. J. Neurosci. 2017,
127, 161-175.
. Singh, B.; Parsaik, A.K.; Mielke, M.M.; Erwin, P.J.; Knopman, D.S.; Petersen, R.C.; Roberts, R.O. Association of

mediterranean diet with mild cognitive impairment and Alzheimer’s disease: A systematic review and meta-analysis. J.
Alzheimers Dis. 2014, 39, 271-822.

. Grodzicki, W.; Dziendzikowska, K. The Role of selected Bioactive Compounds in the Prevention of Alzheimer’s

Disease. Antioxidants 2020, 9, 229.

. Dochniak, M.; Ekiert, K. Nutrition in prevention and treatment of Alzheimer’s and Parkinson’s diseases. Nurs. Public

Health 2015, 5, 199-208. (In Polish)
Parnowski, T. Alzheimer’s Disease; Wydawnictwo Lekarskie PZWL: Warsaw, Poland, 2010. (In Polish)

Abbatecola, A.M.; Russo, M.; Barbieri, M. Dietary patterns and cognition in older persons. Curr. Opin. Clin. Nutr. Metab.
Care 2018, 21, 10-13.

Morris, M.C.; Tangney, C.C.; Wang, Y.; Sacks, F.M.; Bennett, D.A.; Aggarwal, N.T. MIND diet associated with reduced
incidence of Alzheimer’s disease. Alzheimers Dement. 2015, 11, 1007-1014.

Ribas, G.S.; Vargas, C.R.; Wajner, M. L-carnitine supplementation as a potential antioxidant therapy for inherited
neurometabolic disorders. Gene 2014, 533, 469-476.

Valero, T. Mitochondrial biogenesis: Pharmacological approaches. Curr. Pharm. Des. 2014, 20, 5507-5509.

Kepka, A.; Chojnowska, S.; Okungbowa, O.E.; Zwierz, K. The role of carnitine in the perinatal period. Dev. Period Med.
2014, 18, 417-425.

Jones, L.L.; McDonald, D.A.; Borum, P.R. Acylcarnitines: Role in brain. Prog. Lipid Res. 2010, 49, 61-75.

Zammit, V.A.; Ramsay, R.R.; Bonomini, M.; Arduini, A. Carnitine, mitochondrial function and therapy. Adv. Drug Deliv.
Rev. 2009, 61, 1353-1362.

Kepka, A.; Szajda, S.D.; Waszkiewicz, N.; Pludowski, P.; Chojnowska, S.; Rudy, M.; Szulc, A.; tadny, J.R.; Zwierz, K.
Carnitine: Function, metabolism and value in hepatic failure during chronic alcohol intoxication. Post. Hig. Med. Dosw.
2011, 65, 645-653.

Aureli, T.; Miccheli, A.; Ricciolini, R.; Di Cocco, M.E.; Ramacci, M.T.; Angelucci, L.; Ghirardi, O.; Conti, F. Aging brain:
Effect of acetyl-L-carnitine treatment on rat brain energy and phospholipid metabolism. A study by 31P and 1H NMR
spectroscopy. Brain Res. 1990, 526, 108-112.

Aureli, T.; Di Cocco, M.E.; Puccetti, C.; Ricciolini, R.; Scalibastri, M.; Miccheli, A.; Manetti, C.; Conti, F. Acetyl-L-
carnitine modulates glucose metabolism and stimulates glycogen synthesis in rat brain. Brain Res. 1998, 796, 75-81.

Ferreira, G.C.; McKenna, M.C. L-Carnitine and acetyl-L-carnitine roles and neuroprotection in developing brain.
Neurochem. Res. 2017, 42, 1661-1675.



22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Gorini, A.; D’Angelo, A.; Villa, R.F. Action of L-acetylcarnitine on different cerebral mitochondrial populations from
cerebral cortex. Neurochem. Res. 1998, 23, 1485-1491.

Calabrese, V.; Giuffrida Stella, A.M.; Calvani, M.; Butterfield, D.A. Acetylcarnitine and cellular stress response: Roles in
nutritional redox homeostasis and regulation of longevity genes. J. Nutr. Biochem. 2006, 17, 73-88.

White, H.L.; Scates, P.W. Acetyl-L-carnitine as a precursor of acetylcholine. Neurochem. Res. 1990, 15, 597-601.

Madiraju, P.; Pande, S.V.; Prentki, M.; Madiraju, S.R. Mitochondrial acetylcarnitine provides acetyl groups for nuclear
histone acetylation. Epigenetics 2009, 4, 399-403.

Martignoni, E.; Facchinetti, F.; Sances, G.; Petraglia, F.; Nappi, G.; Genazzani, A.R. Acetyl-L-carnitine acutely
administered raises beta-endorphin and cortisol plasma levels in humans. Clin. Neuropharmacol. 1988, 11, 472-477.

Marszatek, M. Alzheimer’s disease against peptides products of enzymatic cleavage of APP protein. Forming and
variety of fibrillating peptides—Some aspects (in Polish). Post. Hig. Med. Dosw. 2016, 70, 787—796.

Natecz, K.A.; Miecz, D.; Berezowski, V.; Cecchelli, R. Carnitine: Transport and physiological functions in the brain. Mol.
Aspects Med. 2004, 25, 551-567.

Respondek, M.; Buszman, E. Regulation of neurogenesis: Factors affecting of new neurons formation in adult
mammals brain (in Polish). Post. Hig. Med. Dosw. 2015, 69, 1451-1461.

Kazak, F.; Yarim, G.F. Neuroprotective effects of acetyl-l-carnitine on lipopolysaccharide-induced neuroinflammation in
mice: Involvement of brain-derived neurotrophic factor. Neurosci Lett. 2017, 658, 32—36.

Abdul, H.M.; Calabrese, V.; Calvani, M.; Butterfield, D.A. Acetyl-L-carnitine-induced up-regulation of heat shock
proteins protects cortical neurons against amyloid-beta peptide 1-42-mediated oxidative stress and neurotoxicity:
Implications for Alzheimer’s disease. J. Neurosci. Res. 2006, 82, 398—408.

Pettegrew, J.W.; Klunk, W.E.; Panchalingam, K.; Kanfer, J.N.; McClure, R.J. Clinical and neurochemical effects of
acetyl-L-carnitine in Alzheimer’s disease. Neurobiol. Aging 1995, 16, 1-4.

Head, K.A. Peripheral neuropathy: Pathogenic mechanisms and alternative therapies. Altern. Med. Rev. 2006, 11, 294—
329.

Hudson, S.; Tabet, N. Acetyl-L-carnitine for dementia. Cochrane Database Syst. Rev. 2003, 2, CD003158:1—
CD003158:38.

Juliet, P.A.; Balasubramaniam, D.; Balasubramaniam, N.; Panneerselvam, C. Carnitine: A neuromodulator in aged rats.
J. Gerontol. A- Biol. Sci. Med. Sci. 2003, 58, 970-974.

Scheggi, S.; Rauggi, R.; Nanni, G.; Tagliamonte, A.; Gambarana, C. Repeated acetyl-I-carnitine administration
increases phospho-Thr34 DARPP-32 levels and antagonizes cocaine-induced increase in Cdk5 and phospho-Thr75
DARPP-32 levels in rat striatum. Eur. J. Neurosci. 2004, 19, 1609-1620.

Smeland, O.B.; Meisingset, T.W.; Borges, K.; Sonnewald, U. Chronic acetyl-L-carnitine alters brain energy metabolism
and increases noradrenaline and serotonin content in healthy mice. Neurochem. Int. 2012, 61, 100-107.

Robinson, B.L.; Dumas, M.; Cuevas, E.; Gu, Q.; Paule, M.G.; Ali, S.F.; Kanungo, J. Distinct effects of ketamine and
acetyl L-carnitine on the dopamine system in zebrafish. Neurotoxicol. Teratol. 2016, 54, 52—60.

Cristofano, A.; Sapere, N.; La Marca, G.; Angiolillo, A.; Vitale, M.; Corbi, G.; Scapagnini, G.; Intrieri, M.; Russo, C.;
Corso, G.; et al. Serum levels of acyl-carnitines along the continuum from normal to Alzheimer’s dementia. PLoS ONE
2016, 11, e0155694.

Del Rio, D.; Zimetti, F.; Caffarra, P.; Tassotti, M.; Bernini, F.; Brighenti, F.; Zini, A.; Zanotti, I. The gut microbial
metabolite trimethylamine-N-oxide is present in human cerebrospinal fluid. Nutrients 2017, 9, 1053.

Evangeliou, A.; Vlassopoulos, D. Carnitine metabolism and deficit-when supplementation is necessary? Curr. Pharm.
Biotechnol. 2003, 4, 211-219.

Rigault, C.; Mazué, F.; Bernard, A.; Demarquoy, J.; Le Borgne, F. Changes in I-carnitine content of fish and meat during
domestic cooking. Meat Sci. 2008, 78, 331-335.

Bodkowski, R.; Patkowska-Sokota, B.; Nowakowski, P.; Jamroz, D.; Janczak, M. Products of animal origin—The most
important L-carnitine source in human diet (in Polish). Prz. Hod. 2011, 10, 22—-25.

Rospond, B.; Chtopicka, J. The biological function of L-carnitine and its content in the particular food examples (in
Polish). Prz. Lek. 2013, 70, 85-91.

Kelly, G.S. L-Carnitine: Therapeutic applications of a conditionally essential amino acid. Altern. Med. Rev. 1998, 3,
345-360.



46.

47.

48.

49.

50.

51.

52.
53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Rebouche, C.J. Kinetics, pharmacokinetics, and regulation of L-carnitine and acetyl-L-carnitine metabolism. Ann. N. Y.
Acad. Sci. 2004, 1033, 30-41.

Pekala, J.; Patkowska-Sokota, B.; Bodkowski, R.; Jamroz, D.; Nowakowski, P.; Lochynski, S.; Librowski, T. L-carnitine-
metabolic functions and meaning in humans life. Curr. Drug Metab. 2011, 12, 667—678.

Chen, N.; Yang, M.; Zhou, M.; Xiao, J.; Guo, J.; He, L. L-carnitine for cognitive enhancement in people without
cognitive impairment. Cochrane Database Syst. Rev. 2017, 3, CD009374:1-CD009374:28.

Wollen, K.A. Alzheimer’s disease: The pros and cons of pharmaceutical, nutritional, botanical, and stimulatory
therapies, with a discussion of treatment strategies from the perspective of patients and practitioners. Altern. Med. Rev.
2010, 15, 223-244.

Gavrilova, S.1.; Kalyn, 1.B.; Kolykhalov, I.V.; Roshchina, I.F.; Selezneva, N.D. Acetyl-L-carnitine (carnicetine) in the
treatment of early stages of Alzheimer’s disease and vascular dementia. Zh. Nevrol. Psikhiatr. Im. S. S. Korsakova
2011, 111, 16-22.

Parnetti, L.; Gaiti, A.; Mecocci, P.; Cadini, D.; Senin, U. Pharmacokinetics of i.v. 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.

Evans, A.M.; Fornasini, G. Pharmacokinetics of L-carnitine. Clin. Pharmacokinet. 2003, 42, 941-967.

Wang, S.M.; Han, C.; Lee, S.J.; Patkar, A.A.; Masand, P.S.; Pae, C.U. A review of current evidence for acetyl-I-carnitine
in the treatment of depression. J. Psychiatr. Res. 2014, 53, 30-37.

Gaby, A.R. Natural approaches to epilepsy. Altern. Med. Rev. 2007, 12, 9-24.

Bain, M.A.; Milne, R.W.; Evans, A.M. Disposition and metabolite kinetics of oral L-carnitine in humans. J. Clin.
Pharmacol. 2006, 46, 1163-1170.

Ferrari, R.; Merli, E.; Cicchitelli, G.; Mele, D.; Fucili, A.; Ceconi, C. Therapeutic effects of L-carnitine and propionyl-L-
carnitine on cardiovascular diseases: A review. Ann. N. Y. Acad. Sci. 2004, 1033, 79-91.

Hua, X.; Deng, R.; Li, J.; Chi, W.; Su, Z,; Lin, J.; Pflugfelder, S.C.; Li, D.Q. Protective effects of L-carnitine against
oxidative injury by hyperosmolarity in human corneal epithelial cells. Invest. Ophthalmol. Vis. Sci. 2015, 56, 5503—
5511.

Seen, S.; Tong, L. Dry eye disease and oxidative stress. Acta Ophthalmol. 2017, 96, e412-e420.

Tashiro, K.; Kaida, Y.; Yamagishi, S.1.; Tanaka, H.; Yokoro, M.; Yano, J.; Sakai, K.; Kurokawa, Y.; Taguchi, K.;
Nakayama, Y.; et al. L-Carnitine supplementation improves self-rating depression scale scores in uremic male patients
undergoing hemodialysis. Lett. Drug Des. Discov. 2017, 14, 737-742.

Cruciani, R.A.; Revuelta, M.; Dvorkin, E.; Homel, P.; Lesage, P.; Esteban-Cruciani, N. L-carnitine supplementation in
patients with HIV/AIDS and fatigue: A double-blind, placebo-controlled pilot study. HIV AIDS (Auckl) 2015, 7, 65-73.

Benvenga, S. Effects of L-carnitine on thyroid hormone metabolism and on physical exercise tolerance. Horm. Metab.
Res. 2005, 37, 566-571.

Zhang, Z2.Y.; Fan, Z.K.; Cao, Y.; Jia, Z.Q.; Li, G.; Zhi, X.D.; Yu, D.S.; Lv, G. Acetyl-L-carnitine ameliorates mitochondrial
damage and apoptosis following spinal cord injury in rats. Neurosci. Lett. 2015, 604, 18—-23.

Calvani, M.; Carta, A.; Caruso, G.; Benedetti, N.; lannuccelli, M. Action of acetyl-L-carnitine in neurodegeneration and
Alzheimer’s disease. Ann. N. Y. Acad. Sci. 1992, 663, 483-486.

Bigford, G.E.; Del Rossi, G. Supplemental substances derived from foods as adjunctive therapeutic agents for
treatment of neurodegenerative diseases and disorders. Adv. Nutr. 2014, 5, 394—-403.

Chiechio, S.; Canonico, P.L.; Grilli, M. L-Acetylcarnitine: A mechanistically distinctive and potentially rapid-acting
antidepressant drug. Int. J. Mol. Sci. 2017, 19, 11.

Evans, A.M.; Mancinelli, A.; Longo, A. Excretion and metabolism of propionyl-L-carnitine in the isolated perfused rat
kidney. J. Pharmacol. Exp. Ther. 1997, 281, 1071-1076.

Scibior, D.; Czeczot, H. Arginine-metabolism and functions in the human organism. Post. Hig. Med. Dosw. 2004, 58,
321-332.

Bloomer, R.J.; Fisher-Wellman, K.H.; Tucker, P.S. Effect of oral acetyl L-carnitine arginate on resting and postprandial
blood biomarkers in pre-diabetics. Nutr. Metab. (Lond.) 2009, 6, 25:1-25:11.

Aliev, G.; Liu, J.; Shenk, J.C.; Fischbach, K.; Pacheco, G.J.; Chen, S.G.; Obrenovich, M.E.; Ward, W.F.; Richardson,
A.G.; Smith, M.A.; et al. Neuronal mitochondrial amelioration by feeding acetyl-L-carnitine and lipoic acid to aged rats.
J. Cell. Mol. Med. 2009, 13, 320-333.



70.

71.

72.

73.

74.

75.

76.

77.

78.

Bescos, R.; Sureda, A.; Tur, J.A.; Pons, A. The effect of nitric-oxide-related supplements on human performance.
Sports Med. 2012, 42, 99-117.

Ganai, A.A.; Jahan, S.; Ahad, A.; Abdin, M.Z.; Farooqi, H. Glycine propionyl L-carnitine attenuates D-galactosamine
induced fulminant hepatic failure in Wistar rats. Chem. Biol. Interact. 2014, 214, 33-40.

Jacobs, P.L.; Goldstein, E.R. Long-term glycine propionyl-I-carnitine supplemention and paradoxical effects on
repeated anaerobic sprint performance. J. Int Soc. Sports Nutr. 2010, 7, 35:1-35:8.

Bloomer, R.J.; Smith, W.A.; Fisher-Wellman, K.H. Oxidative stress in response to forearm ischemia-reperfusion with
and without carnitine administration. Int. J. Vitam. Nutr. Res. 2010, 80, 12-23.

Spiering, B.A.; Kraemer, W.J.; Hatfield, D.L.; Vingren, J.L.; Fragala, M.S.; Ho, J.Y.; Thomas, G.A.; Hakkinen, K.; Volek,
J.S. Effects of L-carnitine L-tartrate supplementation on muscle oxygenation responses to resistance exercise. J.
Strength. Cond. Res. 2008, 22, 1130-1135.

Spiering, B.A.; Kraemer, W.J.; Vingren, J.L.; Hatfield, D.L.; Fragala, M.S.; Ho, J.Y.; Maresh, C.M.; Anderson, J.M.;
Volek, J.S. Responses of criterion variables to different supplemental doses of L-carnitine L-tartrate. J. Strength. Cond.
Res. 2007, 21, 259-264.

Kraemer, W.J.; Spiering, B.A.; Volek, J.S.; Ratamess, N.A.; Sharman, M.J.; Rubin, M.R.; French, D.N.; Silvestre, R.;
Hatfield, D.L.; Van Heest, J.L.; et al. Androgenic responses to resistance exercise: Effects of feeding and L-carnitine.
Med. Sci. Sports Exerc. 2006, 38, 1288-1296.

Abramowicz, W.N.; Galloway, S.D. Effects of acute versus chronic L-carnitine L-tartrate supplementation on metabolic
responses to steady state exercise in males and females. Int. J. Sport Nutr. Exerc. Metab. 2005, 15, 386—400.

Volek, J.S.; Kraemer, W.J.; Rubin, M.R.; Gémez, A.L.; Ratamess, N.A.; Gaynor, P. L-Carnitine L-tartrate
supplementation favorably affects markers of recovery from exercise stress. Am. J. Physiol. Endocrinol. Metab. 2002,
282, EA74-E482.

Retrieved from https://encyclopedia.pub/entry/history/show/55195



