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Introduction and Aim of Work

INTRODUCTION

Mitochondrial B-oxidation of long-chain fatty acids provides
a major energy source in human both in the resting state and
during fasting and exercise, particularly in the heart
(myocardium], liver and skeletal muscle (Chalmers et al.,
1997).

L-carnitine is the carrier molecule for long-chain fatty acids
to cross the mitochondrial membrane. L-carnitine is involved
in fatty acids B-oxidation as it plays a key role in facilitating
the transport of long-chain fatty acids into the mitochondrial
matrix, where they undergo f-oxidation and release energy
(Wan and Hubbard, 1998) and (Scaglia and Longo, 1999).

L-carnitine insufficiency is a general phenomenon in
disorders of organic acid metabolism. In patients with multiple
acyl-coenzyme A dehydrogenase deficiency as an example of
organic acid metabolism, demonstration of an abnormat acyl-
carnitine profile is diagnostic (Poplawski et al, 1999). Also
carnitine deficiency have been reported to cause variety of
pathologies ranging from mild forms of muscle weakness to
severe forms of hypoglycemia and cardiomyopathy (Marques,
1998).

Since long-chain fatty acids are involved in the synthesis of
phospholipids such as lung surfactant. It has been reported
that carnitine deficiency contributes to the aggravation of

cystic fibrosis of lung and to sudden infant death syndromes

1
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Introduction and Aim of Work

(Lloyd-Still et al., 1993). Furthermore, acylcarnitines levels in
amniotic fluid may be a useful tool for prenatal prediction and
diagnosis of organic acidemias (Shigematsu et al., 1996).

Carnitine metabolism is altered in peripheral arterial
diseases as in patients with intermittent claudication (Brevetti
et al., 1996). Also in patients with ischemic cardiovascular
disease, there is decrease in the myocardial levels of free
carnitine and accumulation of long-chain acylcarnitine
(Arsenian, 1997).

Moreover, in patients with various chronic liver diseases,
plasma L-carnitine levels are ejther normal or elevated
(Krahenbuhl and Reichen, 1997). Also, in patients with
chronic renal disease, whether these patients undergo dialysis
or not, there is increase in serum carnitine levels (Marge and
Brewste, 1996).

Therefore, carnitine seems to play an important role in
various pathological conditions involving various body

systems.

AIM OF THE WORK

This work aims at giving a detailed account on the role of
carnitine in the normal state, emphasizing on pathological
conditions arising from its disorders. Spotlight will be given as

well on various methods for its assay.

2
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Review of Literature

I. BIOCHEMISTRY OF CARNITINE

A. Historical Background:

Carnitine has a long history in biochemistry .It has
been discovered to be a quantitatively important compound
in muscle tissue in 1905 (Fraenkel and Friedman, 1957)
and its chemical structure was determined in 1927 (Tomita
and Sendju, 1927). In 1952, Carter et al. showed new
interest in carnitine when they established that it is a
growth factor for the meal worm: Tenebrio molitor [ hence
carnitine’s other name, vitamin BT (T for tenebrio}} .

Subsequent studies showed that carnitine-deficient
larvae died “fat” when they were starved as they were unable

to utilize their fat stores in order to survive (Carter et al,
1952)

B. Occurrence and Distribution:

Carnitine is present in all animal species, in many
micro-organisms and in many plants (Mitchell, 1978). The
concentration of carnitine varies in different species and in
various tissues over a wide range. It has been reported that
the highest concentration is in rat epididymal fluid (Brooks
et al, 1974). On the other hand, carnitine least concent-
ration is found in plants. In humans, carnitine is present in
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Review of Literature

many tissues as liver, kidney, heart, skeletal muscle, brain,
epididymis and red blood cells {Borum et al, 1985).

C. Biosynthesis:

Carnitine (B-hdroxy-y-trimethylammonium butyrate) (Fig.1)
is a seven carbon organic acid It is water soluble compound
of 161 D molecular weight.

CH, o
CH, N CH; CH CH, C —OH
CH, OH
Figure (1) Carnitine  { ") )

Carnitine is synthesized from lysine and methionine in
liver, kidney and brain. In yeast, free lysine is methylated
with S-adenosyl methionine as the methyl donor (Horne et
al,1971) In animals, however 6-N trimethyllysine is formed
by the methylation of lysine residues in proteins such as
myosin, actin and histones (Paik and Kim, 1975). Carnitine
is formed from this 6-N- trimethyllysine after its liberation
in protein breakdown, presumably in the lysosomes (Dunn

4
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Review of Literature

and Englard, 1981). In the next step the trimethyllysine is
hydroxylated to 3-hydroxy-6-N-trimethyllysine by 6-N tri-
methyllysine-2-oxoglutarate dioxygenase enzyme (Hoppel et
al, 1980). The hydroxy trimethyllysine is cleaved to
butyrobetaine aldehyde and glycine by an enzyme called 3-
hydroxy-6-N-trimethyllysine aldolase (Novak et al, 1980).
The butyrobetaine aldehyde is then oxidized to
butyrobetaine by butyrobetaine aldyhyde dehydrogenase
enzyme (Hulse and Henderson, 1980). Finally butyrobetaine
is  hydroxylated to carnitine by y-butyrobetaine-2-
oxoglutarate dioxygenase (Rebouche and Engel, 1981).
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