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Abstract

A trimethylated amino acid roughly similar in structure to choline, carnitine is a
cofactor required for transformation of free long-chain fatty acids into acylcarnitines,
and for their subsequent transport into the mitochondrial matrix, where they undergo
beta-oxidation for cellular energy production. Mitochondrial fatty acid oxidation is the
primary fuel source in heart and skeletal muscle, pointing to the relative importance of
this nutrient for proper function in these tissues. Although L-carnitine deficiency is an
infrequent problem in a healthy, well-nourished population consuming adequate protein,
many individuals within the population appear to be somewhere along a continuum,
characterized by mild deficiency at one extreme, and tissue pathology at the other.
Conditions which seem to benefit from exogenous supplementation of L-carnitine include
anorexia, chronic fatigue, coronary vascular disease, diphtheria, hypoglycemia, male
infertility, muscular myopathies, and Rett syndrome. In addition, preterm infants, dialysis
patients, and HIV positive individuals seem to be prone to a deficiency of L-carnitine,
and benefit from supplementation. Although available data on L-carnitine as an ergogenic
aid is not compelling, under some experimental conditions pretreatment has favored
aerobic processes and resulted in improved endurance performance.
Altern Med Rev1998;3(5):345-360.

Introduction

Although L-carnitine was originally discovered in 1905, its crucial role in metabolism
was not elucidated until 1955, and primary L-carnitine deficiency was not described until 1972.
The most significant source of L-carnitinein human nutrition is meat, although humansare a'so
capable of synthesizing L-carnitine from dietary amino acids. It has generally been assumed
that awell-balanced diet contains both a significant amount of carnitine, and all of the essential
amino acids and micronutrients needed for carnitine biosynthesis, however, increasingly inves-
tigators have identified conditions and individual s for which L-carnitine appears to be a condi-
tionally-essential nutrient. Thus, although L-carnitine deficiency is an infrequent problem in a
healthy, well-nourished population consuming adequate protein, many individuals within the
population appear to be somewhere along a continuum characterized by mild deficiency at one
extreme and tissue pathology at the other.
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Biochemistry

A trimethylated amino acid similar in
structureto choline, carnitine (seeFigurel) is
a cofactor required for transformation of free
long-chain fatty acidsinto acylcarnitines, and
for their subsequent transport into the mito-
chondrial matrix, where they undergo beta-
oxidation for cellular energy production. Mi-
tochondrial fatty acid oxidationisthe primary
fuel sourcein heart and skeletal muscle, point-
ing to the relative importance of this nutrient
for proper function in these tissues.

Carnitine synthesis beginswith methy-
lation of the amino acid L-lysine by S-
adenosylmethionine (SAM). Methionine,
magnesium, ascorbic acid, iron, P5P, and nia-
cin, along with the

into carnitinein areaction which again requires
alpha-ketoglutarate, oxygen, ascorbic acid and
iron.

A pivota enzyme in carnitine synthe-
sis, betaine aldehyde dehydrogenase is the
same enzyme responsible for synthesis of be-
tainefrom choline. Two recent studies suggest
this enzyme has a preference for the choline-
betaine conversion, since choline supplemen-
tation appeared to decrease carnitine synthe-
sist?

Phar macokinetics
The pharmacokinetic properties of an
orally administered dose of L-carnitine have
not been unequivocally described in the lit-
erature, and might

cofactorsresponsible
for regenerating
SAM from homocys-
teine (5-methyltetra-
hydrofolate,
methylcobalamin,
and betaine) are all
required for endog-
enous carnitine syn-
thesis (see Figure 2). |
In order to OH
form L-carnitine
from lysine, three

Figure 1. Chemical structure of carnitine.

“OOCCH,CHCH,'N — CH3

have considerable
variability depending
upon the relative car-
nitine stores of an in-
dividual. Evidencein-
CHs3 dicates L-carnitine is
| absorbed in the intes-
tine by a combination
of activetransport and
| passive diffusion.®
CHs3 There appears
tobeno significant ad-
vantage of supple-

consecutive methyla

tion reactions are required, with SAM acting
as the methyl donor, resulting in the forma-
tion of trimethyllysine. Trimethyllysineisen-
zymatically transformed into hydroxy-
trimethyllysine in areaction requiring a pha-
ketoglutarate, oxygen, ascorbic acid and iron.
The next step in the endogenous synthesis of
L-carnitine requires pyridoxal 5'-phosphate
(vitamin B6) and results in the formation of
trimethylaminobutyraldehyde.
Trimethylaminobutyrate (or gamma-
butyrobetaine) is then formed in a reaction
requiring NADH (vitamin B3 dependent). The
gamma-butyrobetaine isfinaly hydroxylated

menting an oral dose
of L-carnitine in amounts greater than 2 g,
since pharmacokinetic studies suggest mucosal
absorption of carnitine is saturated at about a
2 g dose.* Maximum blood concentrations are
reached approximately 3.5 hoursfollowing an
oral dose, with a half-life of about 15 hours.
Elimination of carnitine occurs primarily
through the kidneys.®
Although evidence suggests dietary
carnitine is not totally absorbed and isin part
degraded in the gastrointestinal tract of hu-
mans, there is some disagreement on the ac-
tual bioavailability of an oral dose. Rebouche
and Chenard gave a radio-labeled dose of
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L-carnitine orally with ameal to subjectswho
had been adapted to a low-carnitine diet or a
high-carnitine diet in order to determine the
metabolic fate of dietary carnitine in humans.
Their results suggested an oral bioavailability
of 54 to 87 percent depending upon the dose
of L-carnitine consumed.® Bach et a also pre-
sented evidence suggesting relatively high
absorption of L-carnitine. Followinga2 g oral
dose of L-carnitine, they reported an increase
in total blood carnitine levels of about 57 per-
cent and inthefreeform of L-carnitine of about
81 percent.®

In contrast to these observations, sev-
eral researchers have suggested much lower
bioavailability. Sahajwalla et al indicated an
absolute bioavailability of approximately 18
percent in healthy volunteers.” Harper et a
similarly reported a relatively low oral
bioavailability. Following a 2 g dose they es-
timated bioavailability to be approximately 16
percent.*

Baker et a evaluated the changes in
freeand acylcarnitine activity in plasma, whole
blood, red blood cells, and urinefollowing oral
doses of L-carnitine (asingle dose of 500 mg
or 2500 mg, or by ingestion of adaily dose of
2500 mg for 10 days). Increased levels of free
carnitine were observed in the urine follow-
ing al dosage regimens, whileasingle or con-
sistent daily dose of 2500 mg of carnitine in-
creased freeand acylcarnitinein plasma, whole
blood and urine to the greatest degrees. How-
ever, irrespective of dosage, these researchers
observed no significant change in red blood
cell carnitine levels, suggesting either a slow
repletion of tissue stores of carnitine follow-
ing an oral dose, or alow capability to trans-
port carnitine into tissues under normal con-
ditions.® It isnot known whether similar find-
ings would be observed in conditions charac-
terized by functional deficiency; however,
based upon consistent clinical observations, it
is likely some degree of tissue repletion oc-
cursfollowing an oral dose.

Deficiency

Although L-carnitine is supplied ex-
ogenously as acomponent of the diet and can
also be synthesized endogenously, evidence
suggests both primary and secondary deficien-
cies do occur. Carnitine deficiency can be ac-
quired or aresult of inborn errors of metabo-
lism. Carnitine levels of vegetarians are re-
ported to be below normal. Infants fed car-
nitine-free formulas are also in jeopardy of
deficiency, since endogenous synthesis is not
adeguate to cover systemic needs during the
first few days of the postnatal period. Primary
carnitine deficiency, although rare, is charac-
terized by low plasma, red blood cell, and tis-
suelevels of carnitine, and generally presents
with symptoms such as muscle fatigue,
cramps, and myoglobinemia following exer-
cise. Secondary carnitine deficiency is not as
rare and is most commonly associated with
diaysis, although intestinal resection, severe
infections, and liver disease can also induce a
secondary deficiency. Other symptoms of a
chronic carnitine deficiency caninclude hypo-
glycemia, progressive myasthenia, hypotonia,
or lethargy. Because of carnitine’srolein fatty
acid metabolism, elevated triglycerides as a
lab finding might, among a variety of possi-
bilities, be indicative of a relative deficiency
of carnitine. Pathological manifestations of
chronic deficiency include accumulation of
neutral lipid within skeletal muscle, heart tis-
sue and liver, a disruption of muscle fibers,
and an accumulation of large aggregates of mi-
tochondria within the skeletal and smooth
muscle. Because of these changes, adeficiency
can result in cardiomyopathy, congestive heart
failure, encephalopathy, hepatomegaly, im-
paired growth and development in infants, and
neuromuscular disorders.

Diet and Nutritional I nteractions

It is assumed a diet adequate in pro-
tein will supply enough exogenous, and pro-
mote any additional endogenous, synthesis
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Figure 2. Synthesis of carnitine.
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needed to supply an individual’srequirements
for L-carnitine. However, since L-carnitineis
found primarily in animal proteins, with red
meat regarded as the richest source, it istheo-
reticaly possible to consume a high protein
diet consisting of beans, legumes, or egg
whites and still promote arelative deficiency.

Since a vegetarian diet is very low in
exogenous carnitine, and is potentialy low in
some of the substrates required for carnitine
synthesis, there is some concern that follow-
ing a strict vegetarian diet might produce a
carnitine deficiency in some individuals. A
case report in the literature seemsto lend cre-
dence to this possibility. In this report, a 12-
year-old consuming a vegetarian diet had re-
current episodes of vomiting, lethargy, and hy-
poglycemia dating back 11 years. Investiga-
tions revea ed a systemic carnitine deficiency
that, when corrected, promptly improved his
condition.®

Results indicate the macronutrient
composition of adiet, other than protein con-
tent, can influence carnitine metabolism. In
seven healthy men receiving the same amount
of dietary carnitine, plasmafree carnitinerose
significantly in individuals following a high-
fat, low-carbohydrate diet, while no change
in carnitine level was observed in individuals
on ahigh-carbohydrate, low-fat diet. Renal ex-
cretion of carnitine increased only on the
higher fat diet aswell. This evidence suggests
a high-fat, low-carbohydrate diet might be
capable of boosting endogenous synthesis of
carnitine and its metabolites.’® Coupled with
this observation is the clinical finding that
some individual s consuming a high carbohy-
dratediet for prolonged periods of time present
with vague symptoms of fatigue and hypogly-
cemia, symptoms which can be indicative of
a relative carnitine deficiency. In these indi-
vidualsit might be prudent to assess carnitine
status.

Although medium-chain triglycerides
(MCTs) have generally been assumed to be
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utilized as an energy substrate independently
of carnitine, Rossle et al have shown the ad-
ministration of MCTsdoesimpact plasmacon-
centrations of free carnitine and acylcarnitines,
suggesting MCTs might not be metabolized
independently of carnitine.* Since carnitine
deficiency can also impair ketogenesis, indi-
viduals consuming a ketogenic diet high in
MCTsshould be monitored for signsor symp-
toms suggestive of carnitine deficiency.

Davis et a have shown that very low
calorie diets (between 420-600 kcal/day) can
have a negative effect on both plasmaand uri-
nary carnitine levels. Although plasma short-
chain acylcarnitine esters increased and free
carnitine declined significantly, protein con-
sumption appeared to exert asparing effect on
carnitine since individuals consuming a pre-
ponderance of calories as meat/fish/poultry
maintained significantly higher levels of
plasmatotal carnitine.'?

Ascorbic acid is required for the bio-
synthesisof L-carnitine, soitisnot surprising
to find a deficiency of ascorbic acid will de-
crease endogenous biosynthesis of car-
nitine.’** Experimental evidence suggests
some forms of vitamin B12 affect carnitine
synthesis. In rats, administration of
methylcobalamin, cyanocobalamin, and
hydroxycobal amin have been shown to stimu-
late carnitine synthesis. Thisis probably due
to the use of vitamin B12 in the re-methyla-
tion of homocysteineto methionine, since bio-
chemically, SAM must donate methyl groups
to complete the endogenous generation of car-
nitinefrom lysine.®* Although evidenceiscur-
rently unavailable, it is possible deficiencies
in other nutrients required for optimal levels
of SAM, such asmethionine, magnesium, folic
acid, and betaine, might impair endogenous
synthesis of L-carnitine.

Although the preciserole of riboflavin
(B2) in carnitine metabolism has not been
elucidated, acase report suggeststhisvitamin
might be an important component in

optimizing carnitine levels in some
individuals. Inthereport, Triggset al describe
a 29-year-old female with severe nausea and
vomiting of pregnancy, migraines, psychiatric
ilIness, non-epileptic seizures, and va proate-
induced coma. Treatment with riboflavin
normalized her plasmafreecarnitinelevel, and
had a beneficial impact on her headaches and
behavior.!6

Since adequate dietary lysine is re-
quired as a substrate for carnitine synthesis, a
deficiency of thisamino acid or the other co-
factors—iron, vitamin C, B6, niacin—might
also compromise carnitine status.

Due to the choline-betaine pathway
sharing an enzymewith thelysineto carnitine
pathway, which was mentioned earlier,*2 cho-
line supplementation might decrease carnitine
synthesis; therefore, it might be of greater ben-
efit to supplement with betaine rather than its
precursors, choline or phosphatidylcholine. In
individuals consuming high amounts of cho-
line, phosphatidylcholine, or lecithin (arich
source of phosphatidylcholine), additional
supplementation of L-carnitine or an assess-
ment of L-carnitine status might be warranted.

Drug Interactions

Anticonvul sant therapy, including phe-
nobarbital, valproic acid, phenytoin, and
carbamazepine, has a significant lowering ef-
fect on carnitine levels.t” Pivampicillin treat-
ment is also known to negatively impact car-
nitine metabolism.®

L-carnitine should be used cautiously
if at al with pentylenetetrazol, a respiratory
stimulant drug, since evidence suggests the
combination might enhance the side-effects of
the drug.®®

Evidence suggests L-carnitine might
prevent the cardiac complications secondary
to interleukin-2 immunotherapy in cancer pa
tients. Experimental evidence also suggests
L-carnitine might be able to prevent cardiac
toxicity secondary to the administration of
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adriamycin.?! L-Carnitine, when used concur-
rently with zidovudine (AZT), appearsto pre-
vent the AZT-induced destruction of
myotubules, preservethe structure and volume
of mitochondria, and prevent the accumula-
tion of lipids.?

Anorexia

In patients with anorexia nervosa, car-
nitine and adenosylcobalamin accelerated
body weight gain and normalization of gas-
trointestinal function. Latent fatigue was re-
ported to disappear and mental performance
increase under this treatment regimen.?
Korkina et a reported the combined use of
carnitine and adenosylcobalamin eliminated
fluctuationsinthework rate and improved the
scope and productivity of intellectual work in
patients with anorexia nervosain the stage of
cachexia, although latent fatigue in the popu-
lation studied was not fully removed.?

Children with infantile anorexia aso
appear to respond well to a combination of
carnitine and adenosylcobalamin. One group
of children was given 2000 mcg
adenosylcobalamin and 1000 mg carnitine,
while the other group was given cyprohepta-
dine, an anti-histamine used to stimulate ap-
petite. Results of adenosylcobalamin and car-
nitine treatment were judged good by the au-
thors, were comparable to the effects of the
pharmaceutical agent, and were produced with
no side-effects.

Athletic Performance

Carnitineis promoted as asupplement
needed to improve the body’s ability to use
stored fat as fuel. Supplementation purport-
edly enhances lipid oxidation, increases VO2
max, and decreases plasmalactate accumul a-
tion during exercise.

Several investigators have suggested
L -carnitine supplementation might benefit ath-
letes. Swart et al investigated the effect of giv-
ing 2 grams/day of L-carnitine for 6 weeksto

seven male marathon athletes. They reported
a5.68 percent increase in running speed, and
decreased average oxygen consumption and
heart rate in atreadmill test following supple-
mentation. The authors suggest that in order
for carnitine to be effective as an ergogenic
aid the athlete must have a relative shortage
of endogenous carnitine to begin with and an
adequate supply of lipids available as fuel,
which will shift metabolism toward the utili-
zation of fatsas an energy source. Becausethe
average free and total plasma carnitine levels
were below the normal ranges prior to supple-
mentation, the L-carnitine might have helped
to overcome arel ative endogenous deficiency
for the participants involved in this study.?

Siliprandi et al, inasmall double-blind
cross-over study of ten moderately-trained
male subjects, gave either 2 grams of L-car-
nitine or placebo orally one hour prior to ex-
ercise. Supplementation with L-carnitine in-
duced a significant post-exercise decrease of
plasma lactate and pyruvate and a concurrent
increase of acetylcarnitine.?” Vecchiet et d ran-
domly gave 2 grams of L-carnitine or a pla-
cebo to subjects one hour before they began
exercise. At the maximal exercise intensity,
treatment with L-carnitine increased both
maximal oxygen uptake and power output. The
authorsalso reported, at similar, non-maximal,
exercise intensities, participants receiving L-
carnitine had reduced oxygen uptake, carbon
dioxide production, pulmonary ventilation,
and plasma lactate.?®

While some of the results with L-car-
nitine supplementation have been promising,
not all research isin agreement. Heinonen, in
his review of carnitine supplementation and
physical exercise, concluded that itsimpact on
performance in athletes is equivocal: it does
not enhance fatty acid oxidation, spare glyco-
gen or postponefatigue during exercise; it does
not stimulate pyruvate dehydrogenase activ-
ity; and it does not reduce body fat or help
with weight 10ss.?
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Vukovich et a found chronic carnitine
supplementation (6 g/day) resulted in no dif-
ferences in VO2, respiratory exchange ratio,
heart rate, or carbohydrate and fat utilization.
They also reported muscle carnitine concen-
tration at rest was unaffected by supplemen-
tation.*® Barnett et al similarly reported car-
nitine supplementation of 4 g/day for 14 days,
while effective at increasing plasmatotal acid
soluble and free carnitine concentrations, had
no significant effect on muscle carnitine con-
centrations.3! Cooper et a found loading of
athleteswith L-carnitinefor 10 daysprior to a
marathon, while abolishing the exercise-in-
duced fal in plasmafree carnitineand increas-
ing the production of acetylcarnitine, resulted
in no detectable improvement in perfor-
mance.*

Colambani et al investigated the effects
of L-carnitine supplementation on metabolism
and performance of endurance-trained athletes
during and after a marathon run. In a double-
blind cross-over field study, seven male sub-
jects received two grams of L-carnitine two
hours before the start of a marathon run and
again after 20 km of running. Although the
administration of L-carnitine was associated
with a significant increase in the plasma con-
centration of all analyzed carnitine fractions,
significant changes in running time, plasma
concentrations of carbohydrate metabolites
(glucose, lactate, and pyruvate), aswell asfat
metabolites (free fatty acids, glycerol, and
beta-hydroxybutyrate), hormones (insulin,
glucagon, and cortisol), and enzyme activities
(creatine kinase and lactate dehydrogenase)
were not observed.®

Although available dataon L-carnitine
as an ergogenic aid is not compelling, under
some experimental conditions pretreatment
has favored aerobic processes. It is possible
L-carnitine might only exert a beneficia ef-
fect when there are actual deficiencies. Avail-
ability of fat asasubstrate for fuel might also

impact the ability of carnitine to act as an er-
gogenic aid. Supplementation of 2 grams one
hour prior to intensive exercise might provide
some benefits; however, based on the mixed
results and the cost of the supplement, long
term administration of L-carnitine asan ergo-
genic aid is difficult to justify.

Chronic Fatigue Syndrome and

Mitochondrial Myopathy

Researchers investigating the oral ad-
ministration of L-carnitine asapotential treat-
ment for chronic fatigue syndrome observed
clinical improvement in 12 of 18 patients. They
also reported the trend for the greatest im-
provement occurred between weeks four and
eight of treatment. One patient was unable to
complete the trial due to the development of
diarrhea®

Campos et a found plasma carnitine
“insufficiency,” (defined as plasma esterified
carnitineto free carnitine ratio above 0.25) in
21 of 48 (43.8%) patients with mitochondrial
myopathy. They proceeded to treat the patients
classified as “insufficient” with L-carnitine
(50-200 mg/kg four timesdaily) and observed
improvementsin muscleweaknessin 19 of 20
patients, failure to thrive in 4 of 8, encephal-
opathy in 1 of 9, and cardiomyopathy in 8 of 8
patients.®

Diphtheria

Ramos et al studied the effect of car-
nitine supplementation in patients with diph-
theria. In addition to standard treatment for
diphtheria, they divided 625 children into two
groups. Three hundred twenty-seven patients
received DL-carnitine (100 mg/kg/day in two
divided doses orally for four days) while the
remaining patients served as controls. The
patients who received carnitine had a signifi-
cant reduction in both the incidence and mor-
tality of diphtheria-induced myocarditis.*
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Heart Disease (General)

Although several studies have indi-
cated limited or no benefit of L-carnitine ad-
ministration during coronary bypass surgery,
the preponderance of evidence currently avail-
able suggests a beneficia effect of this nutri-
tional supplement in reducing risk factorssuch
aslipid levels and blood pressure, improving
physiological function, and impacting the
clinical outcomesin coronary conditionssuch
as angina, cardiomyopathy, and congestive
heart failure.

Angina, I schemia and Peripheral

Vascular Disease

Since myocardial carnitine content
declines within 15-30 minutes of ischemia, it
is not surprising to find administration of L-
carnitine offers tangible therapeutic benefits
for individuals with angina. Kamikawa et al
suggest that L-carnitine (900 mg daily given
orally) might moderately improve exercise
tolerancein patients with stable angina. Their
results indicate the benefits of supplementa-
tion appear to increase over time, with alonger
supplementation period typically resulting in
a prolonged angina-free period during exer-
cise. Although several individualsin thistrial
were free from angina following carnitine
supplementation, the majority of patientswere
only able to extend their angina-free exercise
time by about 10 percent . They also observed
significantly less ST segment depression dur-
ing the same exercise load after 12 weeks of
oral administration of L-carnitine.*” Canale et
al also found less ST segment depression fol-
lowing oral supplementation of 3 g of L-car-
nitinedaily for 30 daysinindividualswith an-
gina.®

In a multicenter, double-blind, ran-
domized, placebo-controlled cross-over trial
of L-carnitinein stable effort-induced angina,
twenty-two percent of the patients given

L-carnitine became free of angina, compared
with 9 percent in the group given placebo.
Overall their resultsindicated increased exer-
cisetolerance and reduced ECG indices of is-
chemia following supplementation.*® An in-
vestigation of L-carnitine supplementation (2
g/day) in 100 randomly selected patientswith
exercise-induced stable angina over a six-
month period resulted in a reduction in the
number of premature ventricular contractions
at rest, an improvement in exercise tolerance,
an increase in maximal systolic arterial blood
pressure, and a reduction in ST-segment de-
pression during maximal effort. Inall patients
L-carnitinewasgivenin additionto thealready
instituted therapy. A concomitant increase in
the number of patients belonging to class| of
theNYHA classification and areductioninthe
consumption of cardioactive drugs was also
observed in the subjects receiving L-car-
nitine.*° In an analysis of three multicenter tri-
als, Fernandez and Proto found a net reduc-
tion in the rate of anginal episodes and use of
nitrates in patients treated with 2 g/day of L-
carnitine. They aso noted a normalization of
plasma cholesterol levelsin 455 of 737 indi-
viduals with previously abnormally high lev-
el ssubsequent to one year of supplementation
with L-carnitine.*

A double-blind, cross-over study
evaluating the effects of L-carnitine supple-
mentation (2 g twice daily for 3 weeks) in pa-
tientswith peripheral vascular diseaserevealed
an increase in walking distance from an aver-
age of 174 minutes with placebo to 306 min-
utes with L-carnitine. These researchers also
observed amore rapid recovery to the resting
value of the lactate/pyruvateratioinindividu-
alsreceiving L-carnitine.*

Evidence also suggeststhat L-carnitine
potentiates the anti-arrhythmic effect of
propafenone and mexiletine in patients with
ischemia.®
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Cardiogenic Shock

Corbucci and Lettieri observed a pro-
tective effect of L-carnitine supplementation
during cardiogenic shock. They suggested L-
carnitine might provide its benefit by mitigat-
ing against metabolic acidosis, protecting
against the destruction of enzymes, and mini-
mizing cellular oxidative damage.* In a fol-
low-up study, a similar positive trend was
noted in terms of survival rate in individuals
administered L-carnitine for cardiogenic
shock.*

Cardiomyopathy

Ino et al have suggested “the determi-
nation of plasma carnitine concentrations and
fatty acid metabolism by-products should be
performed in all patients with cardiomyopa-
thy of unknown etiology because carnitine
supplementation may lead to improvement.”
This statement was a result of their findings
in children with hypertrophic and dilated car-
diomyopathy associated with abnormal car-
nitine metabolism. Their resultsindicatearela
tively high percentage of these children re-
sponded favorably to prolonged administra-
tion of L-carnitine.*

It is suggested that a synergistic pro-
tective action might be obtained with a com-
bination of beta-blocking agents and L-car-
nitine in the treatment of hypertrophic cardio-
myopathy. They presented acase of a52-year-
old male with dilated cardiomyopathy who
responded successfully to treatment with the
combination of L-carnitine and propranolol,
resulting in restored cardiac function and a50-
percent reduction in mitral EPSS (E Point Sep-
tal Separation) from 20 to 10 mm.*#

Congestive Heart Failure
Thetherapeutic efficacy of L-carnitine
in subjects suffering from heart failure has
been repeatedly demonstrated. Davini et a
concluded “L-carnitine represents an effective

treatment in post-infarction ischaemic cardio-
pathy, since it can improve the clinical evolu-
tion of this pathological condition as well as
the patient’s quality of life and life expect-
ancy.” This conclusion was based upon acon-
trolled study conducted on 160 patients dis-
charged from hospitalization following the
diagnosisof arecent myocardia infarction. L-
carnitine (4 g/day orally) was administered to
81 of the patients for 12 months. Patients in
both the control and treatment groups were
also maintained on appropriate pharmacol ogi-
cal treatment. Although improvementsin heart
rate, systolic and diastolic arterial pressure, and
lipid parameters, as well as a decrease in an-
ginal attacks, rhythm disorders, and clinical
signs of impaired myocardial contractility
were observed, the most significant finding of
their study was the marked reduction in mor-
tality associated with supplementation of L-
carnitine (1.2%) when compared to controls
(12.5%).%®

Others have also reported on the treat-
ment of acute myocardial infarction. In 49
patients administered L-carnitine, their results
predicted a worse prognosis for individuals
who do not receive supplemental L-carnitine,
since their pilot study clearly showed a sig-
nificant benefit in terms of reduced mortality
in the individuals given L-carnitine.*®

Singh et a have similarly reported a
therapeutic benefit of L-carnitine supplemen-
tation following suspected acute myocardial
infarction. In arandomized, double-blind pla-
cebo-controlled trial, supplementation of L-
carnitine (2 g/day orally for 28 days) reduced
the mean infarct size as assessed by cardiac
enzymes, improved QRS-scores, and de-
creased the number of individuals who suf-
fered from cardiac events, including cardiac
deaths and nonfatal infarction, from 26 per-
cent in the placebo group to 15.6 percent in
the carnitine group.®

In a randomized, double-blind, pla-
cebo-controlled, multi-center trial, 472 patients
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with a first acute myocardial infarction re-
ceived either placebo (239 patients) or L-car-
nitine (233 patients) within 24 hours of onset
of chest pain. The clinical end points—con-
gestive heart failure and death after dis-
charge—of 6 percent in the L-carnitine treat-
ment group and 9.6 percent in the placebo
group, predict enhanced survival of individu-
als given L-carnitine after an MI. %

Ghidini et a gave L-carnitine (1 g
twice daily for 45 days) to 21 patients with
congestive heart failure secondary to ischemic
and/or hypertensive heart disease. Conven-
tional therapy (digitalis, diuretics, antiarrhyth-
mic agents) was also administeredin all cases.
They observed adistinct improvement in heart
rate, serum cholesterol and triglyceride lev-
els, edema and dyspnea, as well as increased
diuresis, and amarked reductionin daily digi-
talis consumption in those given L-carnitine.®

HIV and | mmunity

Experimental results suggest L-
carnitine could be an effective anti-apoptotic
drug, capabl e of increasing the absol ute counts
of CD4 and CD8 lymphocytes. Moretti et al
conducted a preliminary investigation to
ascertain the impact of long-term L-carnitine
administration on CD4 and CD8 absolute
counts, rate, and apoptosis in HIV-1-infected
subjects. Eleven asymptomatic HIV-1-infected
subjects who refused any antiretroviral
treatment despite experiencing a progressive
decline of CD4 countsweretreated with daily
infusions of L-carnitine (6 g) for four months.
L-carnitine therapy resulted in an increase of
absolute CD4 counts, which was statistically
significant on days 90 and 150. A positive,
though not significant trend was al so observed
in the change in absolute counts of CD8
lymphocytes.®® Cifone et a have aso found
that administration of L-carnitine is capable
of inducing a strong reduction in the
percentage of both CD4 and CD8 cells
undergoing apoptosis. Their work suggests

L-carnitine might partially accomplish this
reduction in apoptosisby decreasing periphera
blood mononuclear cell-associated ceramide,
an intracellular messenger of apoptosis.>

Administration of L-carnitine (6 g/day
for two weeks) to AIDS patients treated with
zidovudine has been shown to result in in-
creased PBMCs proliferation, aswell asare-
duction in serum levels of beta 2-
microglobulin and circulating tumor necrosis
factor (TNF)-alpha.®®

Hypoglycemia

Since one of the manifestations of car-
nitine deficiency ishypoglycemia, itisnot sur-
prising that several investigators have reported
abeneficial impact of L-carnitine administra-
tion on plasmaglucose and insulin levelsfol-
lowing intravenous infusion of glucose. Ne-
gro et al observed that the addition of both 2 g
and 4 g of L-carnitineto 500 ml solutions of 5
percent and 10 percent glucose reduced thein-
creasein plasmaglucose levels.® Grandi et a
reported a similar improvement in glucose
metabolism following the addition of 2 g of
L-carnitine to a 5-percent glucose solution.’
Whether these observationswould translate to
abeneficial clinical effect in individuals with
atendency to reactive blood sugar is not cur-
rently known; however, due to the safety of
L-carnitineand itstendency to improvefatigue
(acommon concomitant symptom of individu-
als with reactive blood sugar), aclinical tria
with L-carnitine seems warranted.

Male Infertility

Increasingly, L-carnitine is being in-
vestigated as a potential therapeutic interven-
tion in some forms of male infertility. It has
been proposed that spermatozoamight require
L-carnitine for maturation since a high con-
centration of L-carnitine is found in the epi-
didymis. The spermatozoa, which require beta
oxidation for energy, appear to concentrate L -
carnitine.*®
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Oral administration of L-carnitine can
improve sperm quality in some patients with
idiopathic asthenospermia (defective sperm
motility). Researchers provided 100 patients
with 3 g daily of L-carnitine for four months
and reported improvements in all assessed
parameters of sperm motility, aswell asanin-
creasein thetotal sperm count.>® Similar find-
ings were reported in a similar group with
asthenospermia. A favorable effect of 3 g/day
of L-carnitine was noted on sperm motility,
and rapid linear progression was seen in 37
out of 47 patientstreated. Additionally, an av-
erage increase in the total number of sperm
was demonstrated.®

Pregnancy and Pediatric

Applications

Among the physiological changes
characteristic of intrauterine development is
anincreasein body storesof carnitine, thought
to occur due to the increased demand of the
fetus on maternal supplies. Following deliv-
ery, interruption of the materno-fetal supply,
along with theinability of the newborn to meet
body requirements by endogenous synthesis,
leaves the infant dependent upon exogenous
intake. In circumstances of the absence of ex-
ogenousintake dueto carnitine-free nutrition,
tissue carnitine reserves decline in infants.
Preterm infantsare predictably in even greater
jeopardy of having a relative carnitine defi-
ciency.®! In contrast, agradual increase of car-
nitine storesisanormal response of infantsto
breast feeding or the use of carnitine-contain-
ing formulas.®?

Genger et a havereported anincreased
need for carnitine during pregnancy. Inasmall
trial of women with diagnosed placental in-
sufficiency, they observed a tendency toward
beneficial outcomes following carnitine ad-
ministration (1 g twice daily orally for one
week followed by 1 g daily for the second

week). In spite of the small numbers in this
trial, therelative short duration of supplemen-
tation combined with the trend toward im-
proved outcomes certainly merits further in-
vestigation of L-carnitine for this condition.®

Since physiologically, L-carnitine ac-
tivates surfactant synthesis, it is not surpris-
ing that supplementation to women with im-
minent premature delivery providesasubstan-
tial benefit to the infant in the postnatal pe-
riod. Results indicate a combination of L-car-
nitine (4 g/day for five days) and
betamethasone given to women in the pre-
natal period can reduce both the incidence of
respiratory distress syndrome and the mortal-
ity of premature newborns. In this trial, the
incidence of respiratory distress syndrome of
infants was approximately one-half (7.3% vs
14.5%) and the mortality rate was 1.8 percent
compared with 7.3 percent inthe group receiv-
ing the combined intervention as compared to
betamethasone alone.®

In a case of three siblings presenting
with apneaand periodic breathing, along with
biochemical defects consi stent with anon-spe-
cific abnormality of beta oxidation, one of the
infants died of sudden infant death syndrome;
however, thetwo surviving infantshad arapid
resolution of both respiratory and metabolic
abnormalities subsequent to treatment with L-
carnitine.®®

Winter et a have suggested, based
upon their clinical experience, that “ secondary
plasma carnitine deficiency is a common
pediatric finding. The presence of failure to
thrive, recurrent infections, hypotonia,
encephalopathy, cardiomyopathy, or
nonketotic  hypoglycemia requires
investigation of carnitine status.”®® These
authors reported normalization of
cardiomyopathy in eight infants subsequent to
the correction of a secondary L-carnitine
deficiency. Kothari and Sharma have also
reported a modest improvement in left
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ventricular function subsequent to
administration of L-carnitine (50 mg/kg/day)
in 13 children with idiopathic dilated
cardiomyopathy.®’

Progressive cardiomyopathy, with or
without chronic muscle weakness, isthe most
common presentation (median age of onset,
three years) in children with adefect in intra-
cellular uptake of carnitine resulting in car-
nitine deficiency. Episodes of fasting hypogly-
cemiaduring thefirst two yearsof lifearealso
a common presentation in affected infants.
These children have low levels of plasma car-
nitine and adecreased rate of carnitine uptake.
Typicaly, parentsof affected children havein-
termediate values lying between those of nor-
mal control subjectsand the affected children,
suggestive of recessiveinheritance. Stanley et
al have suggested that early recognition of this
disorder and the subsequent treatment with
high doses of oral carnitine might be a life-
saving intervention for these children.®

Carnitine deficiency might be a com-
plicating factor in cystic fibrosis. Woset al re-
ported five cases of infants with cystic fibro-
sis, impaired liver function, and neurological
symptomswho, subsequent to ahigh carnitine
diet and enteral administration, experienced a
concomitant improvement in clinical condi-
tion with the progressive normalization of se-
rum carnitine levels.%

Rett Syndrome

Two casereportsinthemedical litera-
ture indicate administration of L-carnitine
might provide some benefits to individuals
with Rett syndrome. Plioplys and Kasnicka
treated a 17-year-old female with L-carnitine
(50 mg/kg/day). Over the two-month course
of treatment an improvement in alertness, eye
contact, and interaction with her environment
were observed. These improvements were all
lost following discontinuation of L-carnitine,
and were regained after L-carnitine was rein-
troduced.”

Researchers administered L-carnitine
(beginning at 75 mg/kg/day and increasing to
150 mg/kg/day) to a 3 1/2-year-old girl
diagnosed with Rett syndrome. They observed
improvements in physical activity, muscle
hypotonia, communication, and sleep time.
Similar to the findings of Plioplys and
Kasnicka, a wash-out period followed by
reintroduction of L-carnitine supplementation
confirmed the efficacy of this regime.”

Precautions

L-carnitineislisted as pregnancy cat-
egory B, indicating animal studies have re-
vealed no harm to the fetus, but that no ad-
equate studies in pregnant women have been
conducted. However, since L-carnitine has
been given to pregnant women late in preg-
nancy with resulting positive outcomes and
since L-carnitineisanormally occurring com-
ponent of the diet, it is unlikely this supple-
ment has any negative impact on pregnancy
in normally supplemented amounts. In gen-
eral, the recommendation for its use follows
that of other nutritional substanceswhich have
not been overtly studied during human preg-
nancy; that being, use the supplement cau-
tioudly and only if clearly indicated by either
laboratory or clinical status.

The racemic mixture (D,L-carnitine)
should be avoided. D-carnitine is not biologi-
cally activeand might interfere with the proper
utilization of the L isomer. In uremic patients,
use of the racemic mixture has been correl ated
with myasthenia-like symptomsin someindi-
viduals.

Adver se Reactions

A variety of mild gastrointestinal
symptoms have been reported, including tran-
sient nauseaand vomiting, abdominal cramps,
and diarrhea. A change in body odor has aso
been observed in afew individuals. Typically,
reducing the dose will result inimprovements
in these adverse reactions.
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No reportsof L-carnitinetoxicity from
overdosageexist. Inmice, theLD50is19.2 g/
kg. Studiesindicate no mutagenicity; however,
experiments to determine the long-term car-
cinogenicity have not been conducted.

Dosage

As a general guideline, the average
therapeutic doseis 1000 mg given twoto three
times daily for atotal of 2000-3000 mg. No
advantage appears to exist in giving an oral
dose greater than 2000 mg at one time, since
absorption studies indicate saturation at this
dose.

Conclusions

L-carnitine has been used as a nutri-
tional supplement for more than two decades.
Although it has awell-deserved reputation as
asafe and effective addition to nutritional pro-
tocols for a range of clinical conditions, its
therapeutic rolein coronary diseaseis perhaps
its primary claim to fame. Addition of L-car-
nitine to a protocol for angina and ischemia
resultsinimproved exercisetolerance, reduced
frequency of angina episodes, and beneficial
changesto the ECG. L-carnitine seemsto pre-
dictably improve risk factor markers of coro-
nary disease; however, the single most impres-
sive aspect of L-carnitine supplementation in
coronary conditions has been the consistent
bottom-lineimpact in reducing theclinical end
point of congestive heart failure mortality.
With additional research now indicating a
place for L-carnitine in assisting with clini-
cally challenging conditions such as chronic
fatigue syndrome, HIV, and hypoglycemia,
and with the ever expanding role of L-carnitine
in pediatric health, it appears the use of this
dietary supplement will continue to expand.
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