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Introduction

CARNITINE is indispensable for the oxidation of long-chain
fatty acids by the mitochondria. These fatty acids are activated on
the outer face of the mitochondrial outer membrane or the
reticulum (Groot, Scholte and Hiilsmann 1976). The acyl-CoA
produced is converted into acylcarnitine by carnitine
palmitoyltransferase I (E.C.2.3.1.21) localised on the inner face of
the outer mitochondrial membrane (Murthy and Pande 1987).
Acylcarnitine is transported over the mitochondrial membrane by
the camitine carrier, and transformed into acyl-CoA by carnitine
palmitoyltransferase 11 on the inner face of the inner
mitochondrial membrane (Bremer 1983). Acyl-CoA is further
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oxidised by the mitochondrial beta-oxidation system and the
Krebs cycle to C0,, H;0 and energy.

It is likely that in herbivorous animals such as the horse,
consuming diets low in carnitine, carnitine is synthesised by the
animal itself. This occurs by a multi-step biosynthetic pathway
from lysine and S-adenosyl-methionine via deoxycarnitine to
carnitine. The enzyme catalysing the last step is localised in the
liver of most animals, and also in the kidney of primates (Scholte
and de Jonge 1987).

In only a few human subjects with exercise-induced
myoglobinuria, enzymatic defects were found in carbohydrate or
lipid catabolism (Rowland 1984). In human pathology, carnitine
deficiency is frequently encountered (Borum 1986; a Gitzelmann,
Baerlocher and Steinmann 1987), but myoglobinuria is only
seldom described in these patients, probably because muscular
weakness, hepatic encephalopathy or cardiomyopathy dominate
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Table I: Plasma free and acylcarnitine concentrations in
(umol/l) in horses predisposed to exertional rhabdomyolysis
(ER) and healthy horses

Horses predisposed to ER Healthy horses

Carnitine Carnitine
free acyl free acyl
5-year-old mare 212 7.3 3-year-old mare 210 47
6- year-old mare  21.1 3.8 4-year-old mare 238 241
10-year-old gelding 20.0 5.6 5-year-old mare 221 6.5
3-year-old mare 196 5.8 3-year-oldgelding 236 6.1
7-year-old gelding 272 4.3 8-year-oldgelding 28.4 6.6
3-year-old mare 1941 53
x=21.4 x=52 x=23.8 x=5.2
sd=3.0 sd=1.2 sd=2.8 sd=1.9

the disease. In exercising horses a defect in carbohydrate
catabolism is unlikely because their outstanding athletic ability
depends on glycolytic energy. We wondered, therefore, if the
gradual change-over to oxidative phosphorylation is hampered in
the myoglobinuric or tied-up horse by a persistent lesion in the
carnitine system or another mitochondrial defect. Because
prevailing mitochondrial defects in man, such as acyl-CoA
dehydrogenase deficiencies and respiratory chain lesions, are
often accompanied by a decrease in free carnitine and an increase
in acylcarnitine in plasma and urine, we studied both free and
total camitine levels in plasma of physically inactive horses with
previous episodes of exertional rhabdomyolysis.

Materials and methods

Plasma free carnitine and acylcarnitine concentrations were
determined in six horses with histories of repeated attacks of
exertional rhabdomyolysis but which were free of clinical signs at
the time of sampling; and in five clinically healthy horses (Table
1). Plasma CK. AST and LDH activity were determined
according to standard methods. Blood was collected in
heparinised tubes from the jugular vein. Immediately after
collection the samples were centrifuged for 10 mins at 2000 g.
The plasma was collected and frozen at -20°C until analysis.
Carnitine was analysed as described by Barth er al. (1983)
Wilcoxon rank test was used for statistical analysis of the figures.

Results and Discussion

Plasma CK, AST and LDH activity of all horses were within
normal ranges. Plasma concentration of free camnitine and
acylcamnitine for the two groups of horses are shown in Table 1.
In healthy horses the range of free carnitine was 21.0 to 28.4
pmol/litre and for acylcamitine 2.1 to 6.6 pmol/litre. In horses
predisposed to exertional rhabdomyolysis the free camitine range
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was 19.1 to 27.2 pmol/litre and the acylcarnitine ranges was 3.8
to 7.3 pumol/litre. The Wilcoxon rank test did not show any
significant difference in free carnitine (P>0.10) and acylcarnitine
(P>0.50) between horses predisposed to  exertional
rhabdomyolysis and normal horses. The free camitine
concentrations in plasma in this study are in agreement with the
findings of Foster and Harris (1986).

Compared to man in which the concentration range of free
carnitine and total carnitine is 25 to 64 pmol/litre (n=71) and 29
to 74 pmol/litre (n=37) respectively, horses show a remarkably
low concentration irrespective of whether they are clinically
normal or predisposed to exertional rhabdomyolysis. The horse
possesses a highly efficient muscular uptake of plasma camitine
to obtain adequate concentrations in the musculature. It has been
demonstrated in healthy horses that the plasma concentration of
free carnitine is approximately 1/300 of that in the muscles
(Foster and Harris 1986). Available data suggest neither a
systemic carnitine deficiency as described for man (Karpati er al
1975). nor a defective mitochondrial metabolism of acyl-CoA
ester at rest as a likely cause for the disease.

In healthy horses Foster and Harris (1986) demonstrated that
the concentration of plasma free carnitine was not affected
immediately by exercise, but tended towards lower concentrations
during a 70 min standing period. Whether this pattern is changed
in horses predisposed to exertional myopathy has to be studied.
Changes in plasma carnitine concentrations may indicate
mitochondrial disturbances.

In order to find out if an intramuscular carnitine uptake defect
may be associated with the predisposition to exertional
rhabdomyolysis the carnitine system in muscles should be
studied.
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