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DHL
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gram
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Basel, November 23, 2001

Proposal P236

On behalf Lonza Ltd., Basel, Switzerland, we wish to make the
following submission in reference to Proposal P236 "Development
of Joint Food Regulation for Sports Foods". Our submission con-
cerns the use of L-carnitine L-tartrate in Formulated Supple-
mentary Sports Foods (Standard 2.9.4). According to Division 1,
Section 2(c) of this Standard, formulated supplementary sports
foods may contain L-carnitine at levels of not more than 100 mg
per one-day quantity.

The first purpose of this submission is to ensure that the term
"L-carnitine" as used in the Standard is understood to be a ge-
neric term which encompasses the different forms in which L-
carnitine is commercially available [i.e., L-carnitine (free
base), L-carnitine chloride, L-carnitine L-tartrate, L-
carnitine magnesium citrate].

Another purpose of this submission is to request an increase of
the acceptable maximum daily intake of L-carnitine from 100
mg/day to at least 1000 mg/d (calculated as the free base).

I trust that the information provided is satisfactory for your
evaluation. However, should you have any questions or require
further information, please let us know. We look forward to
your favourable consideration and response.

With best regards

Bioresco Ltd.
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1. Information on the Applicant

Petitioner: Lonza Ltd.
Minchensteinerstrasse 38

CH-4002 Basel

represented by:

Bioresco Ltd.

Bundesstrasse 29

CH-4054 Basel

Manufacturer: Lonza Ltd.
Munchensteinerstrasse 38

CH-4002 Basel

Responsible persons:

for Lonza Ltd.:

for Bioresco Ltd.




2. Information on the Application

L-Carnitine is a natural, vitamin-like nutrient which plays an
important role in the metabolism of human and animal tissues. It
is an essential factor in the transport system that shuttles

fatty acids into the mitochondria for beta-oxidation.

2.1 Commercial forms of L-carnitine

L-Carnitine is sold in four different forms produced by differ-

ent suppliers, namely:

- L-Carnitine (free base) is the basic form of L-carnitine.

Specifications of this product are laid down in USP XXIII
and the European Pharmacopeia (Suppl. 1999).

In this form, L-carnitine is a white, extremely hygéo—
scopic, crystalline powder. Because of its high hygroscop-
icity, this form is not recommended for use in solid (dry)

food formulations.

- L-Carnitine chloride (syn.: L-carnitine hydrochloride) is

the salt of L-carnitine with hydrochloric acid.
Stoichiometrically the product consists of about 82% L-

carnitine and 18% hydrochloric acid.
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- L-Carnitine L-tartrate is the salt of L-carnitine with L-

tartaric acid. Stoichiometrically the product consists of
68% L-carnitine and 32% L-tartaric acid. This salt is a
crystalline, free flowing and not hygroscopic powder with
ideal properties for use in capsules, tablets, bars and
other solid foods. The product is odourless, has a pleasant

taste and a high long-term stability.

- L-Carnitine magnesium citrate is the mixed salt of L-

carnitine with magnesium citrate. Stoichiometrically it
consists of 43% L-carnitine, 51% citric acid, and 6% magne-
sium ions. It forms a white granulated powder which is rec-
ommended for use in effervescent tablets and powder drink

mixtures.

Official specifications do not exist for the different salts of
L-carnitine. However, the products comply to the specifications
of L-carnitine (for the L-carnitine portion of the product) and
the specifications of the adjoining acids, i.e., hydrochloric,

tartaric or citric acid (for the acid portion of the product) .

2.2 Level of use

L-Carnitine is a wvital factor in the production of acetyl-CoA
from fatty acids in human and animal tissues. By mediating the
transport of fatty acids across the inner mitochondrial mem-
brane, it affects the rate at which fatty acids are oxidized
(Miiller et al., 2001). Another function of carnitine is to regu-
late the intramitochondrial ratio of acyl-CoA to free CoA. This
function is important because it allows to remove excessive (and
potentially toxic) short- and medium-chain fatty acids from the
mitochondrion, and because it maintains sufficient free CoA

within the mitochondrion to support energy metabolism.
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L-Carnitine in the human body is derived from both dietary
sources and endogenous biosynthesis. Under normal conditions,
there is no absolute dietary requirement for L-carnitine. How-
ever, where a metabolic abnormality exists which either inhibits
the endogenous biosynthesis of L-carnitine, interferes with its
use, or increases its catabolism or excretion, symptoms of defi-
ciency may develop. Therefore, L-Carnitine is regarded to be a

"conditionally essential nutrient".

In metabolically healthy people, an insufficient dietary supply
of L-carnitine may lead to blood L-carnitine levels below the
normal range (subclinical secondary L-carnitine deficiency). It
has been observed, for example, that triathletes who consumed a
vegetarian diet, had L-carnitine levels of about 29 mmol/1 which
is well below the normal range of 40-50 mmol/l (Fdhrenbach et
al., 1993). Under these conditions, an increased dietary supply

of L-carnitine is indicated.

The average non-vegetarian American diet provides about 100-300
mg L-carnitine daily (Feller & Rudman, 1988). However, the con-
sumption of an additional 500 g meat (spread over the different
meals of a day) may increase the total daily L-carnitine intake

to 750-1000 mg (Harmeyer, 2000).

Considering that about 30-40% of ingested L-carnitine is ab-
sorbed (while the rest is excreted with the feces), and further
considering that the body of an adult person contains between
15-20 g L-carnitine, a daily intake of 1 g results in a supply
of absorbed L-carnitine that corresponds to not more than 2.3%

of the normal body pool (Harmeyer, 2000).
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3. Safety

The safety of L-carnitine has been assessed by a panel of inde-
pendent experts qualified by scientific training and experience
to evaluate the safety of substances added to food (Lonza's GRAS
panel) (Blumenthal et al., 1993) (Annex 1l). Based on a review of
acute, subacute and chronic toxicity studies as well as repro-
ductive and developmental studies of L-carnitine chloride, the
panel concluded that the proposed uses which would result in an
estimated total L-carnitine intake of 20 mg/kg bw/day (1200
mg/person/d) would not present a foreseeable risk to human
health (The toxicological studies are presented in Annex 2 and
Annex 3). The panel considered that intakes above this level
might result in gastrointestinal disturbances. However, the
panel did not specify the study which led it to believe that
gastrointestinal disturbances might occur at higher intakes.

The physiological effects of L-carnitine have been examined in a
number of human studies. The reports of these studies indicate
that intakes of up to 15 g/d were usually tolerated without in-
testinal side-effects. Only in a few isolated cases, mild laxa-
tive effects were observed (Borum & Fisher, 1983; Sufeng et al.,

1997; Lurz & Fischer, 1998; Brass, 2000).

In an addendum to the GRAS panel's report on L-carnitine, one
member of the panel stated that the panel's conclusion would be
fully applicable also to L-carnitine L-tartrate because this
salt dissociates readily on dissolution vyielding free L-

carnitine and tartaric acid (Blumenthal et al., 1993).
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There also is direct evidence for the safety of L-carnitine L-
tartrate. In an acute oral toxicity test, male and female Wistar
rats received a single oral dose of L-carnitine L-tartrate (5
g/kg bw). No signs of toxicity were observed upon dosing and
during a 14-day post-treatment period. No gross pathological

changes were observed at necropsy (Kaufmann, 1991).

In Ames tests with S. typhimurium (strains TA 1535, TA 1537, TA
1538, TA 98, TA 100) with and without metabolic activation with
S9 mix, mutagenic activity was not observed in any of the tester

strains (Hillmann, 1991).

In a human tolerance study, the ingestion of L-carnitine L-
tartrate at a dose of 3 g/day for 3 weeks was not associated
with changes of standard hematological and clinico-chemical pa-
rameters. Markers of hepatic and renal function were not af-
fected by the treatment. Gastrointestinal side-effects were not

observed (Rubin et al., 2001).
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4. Bio-equivalence of L-carnitine base and its different salts

(chloride, tartrate)

Two lines of evidence demonstrate the bio-equivalence of the
different commercial forms of L-carnitine (free base, chloride,

tartrate) .

First, it has been shown by measurement of the optical rotation
and conductivity as well as by ion chromatography that L-
carnitine L-tartrate fully dissociates in its components, i.e.,
L-carnitine (base) and L-tartaric acid, wupon dissolution

(Schmidbaur et al., 1998; Schmidbaur, 2001).

Second, it has been shown that the intake of L-carnitine (2 g
bolus dose) produces a similar increase of serum L-carnitine re-
gardless of whether it is administered in the form of the free

base or as the L-tartrate salt (Sewell and Bdhles, 2000).
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5. Purpose and level of use of L-carnitine in formulated sup-

plementary sports foods

The fact that L-carnitine fulfils an essential function in the
metabolism of fatty acids coupled with the observation that
about 98% of the body's L-carnitine pool is located in muscle
tissue, has stimulated research on the role of L-carnitine in
exercise metabolism and its potential effects on athletic per-
formance. The result of this research has been the subject of
several reviews (Cerretelli & Marconi, 1990; Wagenmakers, 1991;

Brass, 2000).

Although in some studies L-carnitine (typically given at doses
of 2-5 g/day) has been shown during exercise to reduce lactate
accumulation (Siliprandi et al., 1990; Vecchiet et al., 1990)

reduce the heart rate (Soop et al., 1988; Natali et al., 1993),

increase maximal oxygen consumption (Dragan et al., 1989; Mar-
coni et al., 1985; Vecchiet et al., 1990), and improve force
production (Dubelaar et al., 1991 a, b), these favourable ef-

fects could not always be reproduced. Therefore, definitive con-
clusions about the potential benefits of high doses of L-
carnitine on athletic performance cannot yet be drawn (Brass,

2000) .

However, there is an emerging picture that L-carnitine might
play a more important role in the prevention of exercise-induced
tissue damage and the recovery of muscle tissue after exercise
rather than the enhancement of performance (Kraemer & Volek,
2000, 2001). It has been demonstrated, for example, that L-
carnitine (3 g/d) led to a significant reduction in muscle pain,
weakness and cellular damage following exertion (Giamberadino et
al., 1996; Volek et al., 2002).
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It is conceivable that extra-muscular effects on endothelial
cells, vasodilation and blood flow are implicated in the protec-
tive effect of L-carnitine (Hiilsmann & Dubelaar, 1988; Dubelaar

et al., 1991a).

Pursuing a conservative approach and considering that intensive
exercise may increase the demand for L-carnitine to an extent
which cannot be completely compensated by an increased endoge-
nous biosynthesis, it would be prudent to permit the addition of
L-carnitine to supplementary sports food in amounts of up to
1000 mg per one-day quantity. This amount corresponds to the in-
take of L-carnitine with a diet in which meat represents the

main source of protein (Harmeyer, 2000).

The safety and tolerance of L-carnitine would allow the addition
of higher doses of L-carnitine (2-3 g/day, or more). However,
considering the maximum use levels of many nutrients listed in
the Standard for Supplementary Sports Foods, it appears that
these levels are based more on the intakes that would be
achieved with an "ideal" diet for sports people and on the per-
ceived need rather than on the upper safe limit of use (Vitamin
C and E with maximum permitted amounts of 80 and 20 mg, respec-
tively, may serve as examples). Applying this rationale, a maxi-

mum amount of 1 g/d would be indicated for L-carnitine.

On the other hand, it is interesting to note that for creatin a
maximum amount of 3 g/d is authorized according to the new Stan-
dard for Supplementary Sports Foods. Presumably, this value was
derived from studies which have shown that the ingestion of 3
g/d creatine over a period of 1 month increases the total
creatin content in human muscle by 15-20% (Hultman et al., 1996)
and that creatine supplementation may improve performance in

certain types of (anaerobic) exercise (Terjung et al., 2000).
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Corresponding results exist for L-carnitine. The administration
of 2 g L-carnitine per day for a period of 28 days led to in-
creased levels of free and total L-carnitine in muscle tissue of
sprinters (Huertas et al., 1992). Increases of muscular L-
carnitine subsequent to long-term dietary supplementation of L-
carnitine (2 g/d for 6 months) also have been observed by others
(Arenas et al., 1991). As in the case of creatine, performance
enhancing effects also were observed with L-carnitine under cer-
tain conditions. However, as indicated above, dietary supplemen-
tation of L-carnitine may be more important for protecting mus-
cle tissue from exercise-induced damage than for enhancing per-
formance. The intake of 3 g/d L-carnitine for 3 weeks prior to
exhaustive exercise proved to be effective in this regard (Giam-
beradino et al., 1996). Applying this rationale and following
the example of creatine, the maximum permitted amount of L-

carnitine in supplementary sports foods would have to be set at

3 g/d.
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