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Summary

To assess the protective effects of L-carnitine (LC) infusion on ischemic heart disease, 30 patients
who had angina and ischemic ECG changes during exercise were evaluated by bicycle ergometry. They
were categorized in LC and non-treatment (NT) groups. There were no significant differences in
age and sex between the 2 groups. Before exercise, 15 patients (9 males and 6 females) received 60 mg/kg
LC and the results including hemodynamics, coronary circulation, and cardiac metabolism at rest and
during exercise were compared with those of the N'T group studied in the same protocol (50 watts X to
cycle, 15 min).

At the end of 30 min LC drip infusion, the arterial carnitine content (LC (a)) reached 1,980+
257.3 M and then was maintained at 1,212.7+136.2 M during exercise. There was no correlation of
LC (a) with the coronary arterio-venous difference nor with myocardial uptake of LC.

Although there was no significant difference in coronary blood flow (CBF: mi/100 g/min) between
the LC and NT groups at rest (LC: 92.1429.0 vs NT: 88.0+26.5), CBF during exercise increased
significantly in the LC group compared with the NT group (LC: 230.4+113.8 vs NT: 139.1+52.7;
p<0.05).

In the NT group, there was no significant change in coronary arterio-venous oxygen difference
((a-cs) Oy: vol %) during exercise, but in the LC group (a-cs) O, increased significantly from 10.2+
1.3 to 11.5+1.9 (p<0.01). Furthermore, although there was no significant difference in myocardial
oxygen consumption (MVO,: mi/100 g/min) at rest between the 2 groups (LC: 9.30+2,96 vs NT:
9.71+3.09), it increased significantly in the LC group compared with the NT group during exercise
(LC: 25.1149.98 vs NT: 15.55+6.09).
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MVO,/LVWI (LVWI=Ieft ventricular work index) and MVO,MT (MT=myocardial tension)
did not significantly differ at rest between the 2 groups. However, these 2 indices decreased significantly
during exercise (p<0.05) in the N'T group, and remained unchanged in the LC group, showing a
significant difference between the 2 groups (both p<0.05).

In myocardial energy substrates, the myocardial uptake ((a-cs)x CBF) of free fatty acid (FFA:
#Eq/100 g/min) increased significantly in the LC group compared with that of the NT group (LC:
10.16+13.26 — 31.88+27.58* vs NT: 16.02+27.92 — 18.11+31.00;*=p<0.05, LC vs NT).

In the LC group, there was a significant correlation between LC (a) and the arterial content of
norepinephrine both at rest (r=0.65, p<0.05) and during exercise (r=0.77, p<0.01). Also, during
exercise, the coronary arterio-venous difference of LC showed positive correlations of LC with CBF
(r=0.77, p<0.05) and with MVO,/LVW (r=0.61, p<0.05).

These findings provide evidence that intravenously administered LC stimulates cardiac metabo-
lism and the increases CBF during exercise in patients with ischemic heart disease.
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Table 1. Patients’ profiles

Patient Age/sex Coexisting stenosis (%)

History of Collateral
No. (yrs) infarction LAD (diag) LCx RCA vessels
L-carnitine group
1 M.N. 41F (=) (=) (=) (=) (=)
2 H.K. 46F (=) 90% (=) (=) =)
3 T.S. 48F (=) (=) (=) (=) (=)
4 K.I. S8F (-) (=) (=) 50% (—)
5 E.M 64F (=) =) (=) (=) =)
6 H.T. 66 F (=) 90% (-) (=) =)
7 T.N. 39M inferior 509 100% 100% (+)*
8 A.H. 45M (-) (=) (=) (=) (=)
9 K. M. 48M inferior 90% (=) 90% (+)*
10 T.K. 49M inferior 75% (90%) 75% 90% )
1  K.S. 50M (=) 100% 75% (=) (+)
12 M.T. 51M anterior 100% (=) 50% (+)
13 S.T. 56M anterior 50% (100%) 90% (=) (=)
14 K.M. 58M inferior 909% (90%) 75% 100% (+)*
15 T.M. 59M (-) 50% 90% 509 )
Non-treatment group
1 T.s. 54F (-) (=) (=) (=) (=)
2 H.N. 55F (=) (=) =) (=) (=)
3 F.N. 58F (=) 999 (=) (=) (=)
4 T.M 64F (-) 75% (99%) (=) (=) (-)
5 A.K. 68F (=) 909% 999, (=) (=)
6 A.K. 43M (=) 75% (=) (=) (=)
7  T.W. 46M (=) 909 (99%) (=) 999%, (-)
8 T.T. 48M inferior (=) 509 909% (—)
9 T.H. 52M (=) (=) (99%) (=) 90% (-)
10 K.A. 54M inferior 909% 909 999, (—)
11 S.0. 58M (=) 909% (-) (-) (=)
12 J.o. 60M (=) 90% (=) (=) (=)
13 K.M. 63M (-) 909, 75% 509% (—)
14 S.H. 64M inferior 75% (=) 100% (+)*
15 S.M. 68M (-) 75% (75%) 75% (=) (=)

LAD=left anterior descending artery; Diag=diagonal branch; LCx=left circumflex artery; RCA=right
coronary artery.
* collateral vessels from the left coronary artery.
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L-carnitine

(drip infusion) bicycle ergometry

§ catheter insertion 50Watt X 50cycle
[0} 30° o 15
CBF (N20) CBF (N20)

10° 20°

1}
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li 1 li sampli
S2ResH R T SERERCRE
MEASUREMENT METHOD

1. OXYGEN METABOLISM
V02 RESPIROMONITOR RM300

Ca02
CmvO2
CcsO2

2. HEMODYNAMICS

Van Slyke and Neill method

HR

BPmax } bedside cardiomonitor
BPmin

co Fick direct method

CBF N20 desaturation method

(thermo-dilution method)

3. MYOCARDIAL SUBSTRATE

Glucose enzymatic method
Pyruvate dinitrophenyl-hydlazine method
Lactate auto-analyzer (HEK-30L)
FFA enzymatic method
4. OTHERS
free carnitine enzymatic method (Marquis
and Fritz)
EP, NE high performance liquid

chromatography-trihydroxy
indol (HPLC-THI) method

Fig. 1. Study protocol and methods.
VO,=general oxygen consumption; CaO,=arterial
oxygen content; CmVO,=mixed venous oxygen con-
tent; CcsO,=coronary sinus oxygen content; HR=
heart rate; BPmax=maximal systolic blood pressure;
BPmin=minimal diastolic blood pressure; CO=
cardiac output; CBF = coronary blood flow ; FFA =free
fatty acid; EP=epinephrine; NE=norepinephrine.
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Fig. 2. Cardiac hemodynamics and general oxygen metabolism.
PRP =pressure-rate products; CI=cardiac index; LVWI=left ventricular work index; MT =myo-
cardial tension; (a-mv) O,=arterio-mixed venous oxygen difference; 4=extent of changes during

exercise.

*p<0.05, **p<0.01 vs rest (paired Student’s t-test).

# : L-carnitine (=LC) group; [J : Non-treatment (=NT) group.
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Fig. 3. Balance of coronary circulation and myocardial oxygen-energy.
CVR =coronary vascular resistance; (a-cs) O,=arterio-coronary sinus oxygen difference; MVO,=

myocardial oxygen consumption.

*p <0.05, **p<0.01 vs rest (paired Student’s t-test).
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Fig. 4. Cardiac metabolism of myocardial energy substrates.
a=arterial content; a— cs=arterio-coronary sinus difference; uptake=myocardial uptake, (a—cs)Xx

(CBF).
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Fig. 5. Catecholamine kinetics.
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Fig. 6. Correlation between carnitine kinetics
and other hemodynamic and metabolic para-
meters.
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