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Summary. Acute and chronic L-carnitine application exerts
protective effects in s number of cardiac discases. These
favourable effects are attributed to improvements of the
energy metabolism and have been found both in animal
experiments and in man. Is order to investigate the effect
of long-time oral L-caraitine substitution on physital per-
formance, 41 patients suffering from claes NYHA 11 or ITT
cardise insutficlency were recruited for & clinical study
Following the double-blind, randomized, placebo-controlled
deaign of the stndy, 20 patients were ghvem 3 x 1g L-
carvitine daily for 120 days whereas the coatrol group (21
patients) received placebo. Bicycle ergometer tests were
used o determine maximam performance, systolic amd dia-
stolic blood pressure, heart rate, and ST changea. Four
series of tests were cartied out: on day 0 (before the first
substrate application), on the §0th and the 120th day (dar-
ing L-earnitine or placebo application), and oa the 180th
day (80 days after the end of substitutiom). A significant
improvement in performamce (significantly higher maxi-
mum performance during bicyclie ergometry) could be found
withln the carnitine group om the 60th and 120¢h day of
L-carnitine application; and haemodymsamical paramseters
showed a temdency to jmprove, tog, These effects, which
were attributed to L-carmitine, could be detected even 60
days after the emd of sobetitution. No corresponding
changes were found ia the placebo group.

The Andings presented in this paper support suggestions
of other awthors that L-carnitine in combination with the
nsusl medication (digitalls, f-blockers, calcium antagoniats,
nitrxtes) improves performance and effort tolerance in pa-
tients with cardise insufficiency. Moreover, the Andings sug-
dest a favourable long-tern effect, which lasts beyond the
actual L~carnitine application, on the performance of pa-
tients with advanced cardiac insufficiency.

Key words. L-carnitine, chroaic {schemic cardiac disease,
bicycle ergometry, long term treatment

Introduction

The primary metabolic function of L-carnitine is the
transport of long-chain fatty acids through the inner
mitochondrial membrane into the matrix of the mito-

chondria [1-4), especially in the skeletal and heart mus-
cle. In the heart, under aerobic metabolic conditions,
fatty acid oxidation is the main source of myocardial
energy production [5,6}. Under anaerobic conditions,
however, fatty acid oxidation is depressed [7-8), but
this is counterbalanced by an increase in anaerobic
glycolysis. This results in a reduction of ATP produc-
tion, and an accumulation of long-chain acyl-CoA com-
pounds (LC-acyl-CoA) {9] which, in turn, leads to an
inhibition of the adenine nucleotide translocase [10]).
An increase in the intramitochondrial L-carnitine
concentration by oral or parenteral substitution in pa-
tients heightens the formation of acylcarnitines from
acyl-CoA and free L-carnitine {11]. This enables the
carnitine shuttle system to transport acylcarnitines

" from the mitochondria in exchange for free carnitine

(3] The resulting decrease in intracellutar Jevels of LC
acyl-CoA esters is part of the cardioprotective effects
of L-carnitine {4). During myocardial ischemia, which
is the main cause of cardiac insufficiency and one of the
most frequent causes of death, the myocardium loses
L-carnitine [12,13}

It has been demonstrated in various animal models
[14-16] and in man [17-19] that L-carnitine deficiency
adversely influences ventricular function, whereas oral
or parenteral substitution of L-carnitine, and its esters
acetyl- and propionyl-L-camnitine resp., improves
physical capability, increases fatty acid oxidation, and
effects a general improvement of the myocardial en-
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ergy metabolism under aerobic and anaerobic condi-
tions [14-16,20-25]. In order to investigate the effec-
tiveness of oral L-carnitine substitution in cases of se-
vere, ischemiecally induced cardiac insufficiency, 41
patients with clinical and paraclinical symptoma of car-
diac insufficiency, which had to meet certain inclusion
criteria, were included in the study. The criteria for
selection were comparable with those used by other
authors 21,22 26-28 35 36).

To this end, changes in the exercise tolerance of
patients were to be evaluated by means of bicycie er-
gometry according to a double-blind, placebo-control-
led, randomized study design. The study was also in-
terested in the course of possible changes in
performance during L-carnitine substitution and in
possible long-term effects after the end of medication.

So far, there are different interpretations of the
influence of L-carnitine substitution on haemodynamic
parameters (heart rate, systolic and diastolic blood
presenre) and on ischemic marks in the ECG (ST seg-
ments). A number of authors reported improved
haemodynamics and reduction of ischaemic marks
[26-32], whereag others found no changes or even
worsening in various parameters [21,24,33 34].

In addition to the investigation of changes in exer-
cise tolerance, the present study wants to contribute
to the question whether and how L-camitine
influences haemodynamic parameters and ST segment
changes.

Table 1. Characterization of the patients included in the study

Materials and methods

Patients
The patients who participated in our study were se-
lected from the cardiologieal consultation at Medical
Clinie 1, University of Leipzig. All patients were suf-
fering from advanced cardiac insufficiency with
definitely ischemic genesis, diagnosed by coronary
angiography, or had had myocardial infarction more
than two years ago and they were still able to develop
a certain, although low, physical performance. The in-
clusion criteria asked for at least one clinical symptom
of cardiac insufficieney (dyspnoea, fatiguability, weak-
ness, cardiomegaly, ventricular filling sound, pulmo-
nary stasis, neck vein distention, stasis-induced he-
patic enlargement, ascites, or periphera! cedemata).
Moreover, all of the following criteria had to be met:

NYHA class II or 111, cardiac insufficiency of ischemic
- genesis,
left ventricular diameter >56 mm, left ventricular
ejection fraction <40%,
resting dyspnoe or paroxysmal dyspnoe at night,
no changes in medicamentous t.hempy within the last
30 days,

The 41 patients who met these criteria were included
in the study. On an average, they were 61.5 years old,
170 em tall, and weighed 75.5 kg (Table 1). The patients

Carnit. Age Weight Placebo Weight
Group (Years) Tallness (kg) Gervler group Age Tallness kg) Gender
1 76 168 ki ¥ m H4 T 160 8 r
3 56 172 ki) m 4 38 172 76 m
6 82 176 84 m b 68 168 T2 m
8 64 172 82 m T 68 170 86 m
ih 62 174 82 m 9 64 185 T2 m
12 54 167 815 r 11 62 172 .5 m
13 T2 158 66.5 r 14 64 164 63 m
15 58 172 80 m 16 63 150 50 f
17 58 181 81 m 18 68 163 67 t
20 66 179 23 m 19 49 17 kL m
23 19 173 ki) m 21 62 176 T4 m
24 55 176 80 m 2 58 171 64 m
27 M 168 70 § 25 64 153 3 m
24 T 166 T4 m 26 60 167 76 m
k11 69 178 8 m 29 ki 168 ™ r
32 T4 172 L] m 30 59 160 63 m
b 60 176 89 m 33 54 182 100 m
36 419 161 G0 m 34 59 161 Tl L]
38 59 183 9% m aT 66 186 m
40 6t 172 5 m 39 166 b f
41 73 I'76 91 m
Mean 60.9 m2 Tl 62 1673 4.1
values
Stand. 838 6.12 B33 7.98 B.53 1043

Deviat,
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were randomized in a double-blind way in a L-carnitine
group (20 patients) and a placebo group (21 patients).

Ethics

The protocol of the study was controlled and accepted
by the ethical commission of the Medical Faculty of the
Leipzig University.

Medication

From the st to the 120th day the verum group was
given 3 X 1g L-carnitine/d; the control group received
placebo correspondingly. Both the L-carnitine and the
placebo used were produced by the SIGMA-TAU com-
pany in Rome, which made both preparations available
for this study. The medication each patient had re-
ceived prior to the study was continued (Fig. 1).

Bicycle ergometer tests

The tests were carried out in a lying position. At the .

beginning the haemodynamic parameters (heart rate,
systolic and diastolic blood pressure) were measured at
rest (0 watt) and ST segment changes determined.
Starting with an initial load of 20 watts, the load was
increased minutely by 10 watts until one of the usual
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break-off criteria, e.g., exhaustion, angina pectoris, fall
of blood pressure, was reached.

Design aof the study o

On day 0 (screening day, prior to first substrate admini-
stration) the patients did their first bicycle ergometer
test. Then L-carnitine respectively placebo application
began, which lasted for 120 days (Fig. 2). Ergometer
tests took place on the 60th and 120th day. In order to
investigate the long-term effect, a fourth bicycle er-
gometer test took place on day 180, i.e., 60 days after
the last L-carnitine administration. The state of the
patients was monitored closely by clinical and
paraclinical examinations throughout the study.

Measuring devices

A Dbicycle ergometer M TOD (MEDIOTRONIC,
Freiburg, Germany) was used for the ergometry tests.
The accompanying electrocardiographic leads with
automatic measuring of heart rate and ST segment
alterations were made with the device EK 512 (HEL-
LIGE, Freiburg, Germany). Blood pressure was meas-
ured with the automatic sphygmomanometer HEL-
LIGE BP 511; as of a load of 50 watts the blood
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Fig. 1. Concomitant medication of the patients included in the carnitine and the placebo group
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Fig. 2. Scheme of the study prutocol

pressure was also manually controlled according to
Riva-Rocci. Based on heart rate (HR) and systolic
blood pressure (SBF), the tension-time-index (TTI)
was calculated.

Statistics

The values measured at the end of each minute, imme-
diately prior to the following higher load, were used for
statistical evaluation. Differences between the two
groups of patients were checked for statistical
significance by means of the t-test for independent ran-
dom samples, Changes within the groups were evalu-
ated using the pair-t-test (in cases of even distribution)
and the u-test (for unevenly distributed values).

Resulis

Resting parameters

On all four test days no significant differences in heart
rate (HR) and systolic blood pressure (SBP) were
found between the two groups of patients prior to ex-
ercising (i.e., at rest). However, there was a tendency
towards allerations in the resting tension-time-index
(TT1), which was particularly pronounced on the 120th
day. During our investigation a tendency of decrease
was found for the mean heart rates at rest in the
carnitine group, whereas irregular alterations of the
mean heart rate could be detected in the placebo
group. The values of the mean systolic blood pressure
(SBP) did not change in both groupsa during the inves-
tigation; and the values of the tension-time-index, too,
were different only in tendency but not in significance
in both groups (Table 2).
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Heart rate during ergometry

On day 0 the mean heart rates of the two groups of
patients showed no differences under load. On the 680th
day the mean heart rates of the carnitine group were
lower in the sector with higher load (50 watts and more)
than those of the placebo group; and on the 120th day
this difference was evident in the whole load spectrum
(Fig. 3). The control examination on the 180th day found
no differences between the mean heart rates of the two
groups of patients (Table 3). Under L-carnitine substi-
tution therapy, the verum group showed no marked dif-
ferences in mean heart rate on all four test days. No
differences were found in the contral group, too.

Systolic blood pressure during

ergometry

At the beginning (day 0) only slight differences were
found when the mean systolic blood pressure (SBP)
values of the carnitine group and the placebo group
were compared, Whereas no differences were evident
on the 60th day, too, differences between the mean
systolic values were clearly visible on the 120th day. In
the whole spectrum investigated, the mean values of
the systolic blood pressure (SBP) of the verum group
were lower than the comparable values of the placebo
group (Fig. 4). No differences in the mean values of
systolic blood pressure were found in both groups on
the 180th day. A comparison of changes in the mean
values of the systolic blood pressure within the groups
of patients showed that there were no outstanding
changes between the four test days both in the
carnitine group and the placebo group.

Tengion-time-index during ergometry

The evaluation of the tension-time-index means mir-
rored the results found for its initial values (heart rate
and blocd pressure). The most pronounced differences
were evident on the 120th day. On this day the values
of the mean TTT of the carnitine group were, in ten-
dency, lower than the values of the placebo group. The
differences found between the two groups on day 120
were more pronounced in the higher load sector than
at a lower load (Fig. 5).

ST segment changes during ergometry
When the mean ST segment changes were compared,
very high standard deviations (up to 100 %) made it

Table 2. Meanr values of heart rete (HR), blood pressure (BP), and tension-time-index (TT1} of both groups of patients at rest

Day 0 Day 60 Day 120 Day 180
Carnitine Placebo Carnitine Placebo Carnitine Placebo Carnitine Plaeebo
HR 85,06 79,61 82,69 79,89 ™79 835 9,36 ThET
BP 132,00 137,14 139,38 136,06 131,43 13941 140,00 135,00
TT! 11281 108,382 114,90 107,84 104,63 114,96 110,96 101 66
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Fig. 3. Mean heari rates (HR) of the carnitine and the placebo
group depending on ergometer toad on day 120

impossible to find a tendency. Thus, an interpretation
is not possible.

Maximum ergometer performance

As could be expected, the mean values of the maximum
exercise tolerance showed no difference between the
two groups of patients at the beginning (day 0). How-
ever, on the 60th and 120th day it was evident that the
verum group had a markedly higher exercise tolerance
than the control group (Table 4, Fig. 6). Compared to
the beginning, the mean value of bicycle ergometer
performance achieved by the carnitine group increased
under L-carnitine substitution by 30% during the
study. On the 180th day (60 days after the last carnitine
administration) the mean values of performance in the
carnitine group were still about 30% higher than those
in the placeba group (Fig. 6).

Detailled examination of the chenges that vecurred
within the two groups during the investigation shows
marked differences between the verum group and the
control group. As Figure 7 shows, the placebo patienta
achieved a mean ergometer performance of only 40 to
80 watts on all four test days of the study. In the

Fig. &. Mean systolic blood pressure (SBP) of the carnitine
and the placeba group depending on ergometer load on day 120

carnitine group, 65% of the patients achieved a maxi-
mum performance between 40 and 60 watts (mean
value of all patients = 54.5 watts) on day 0. The pa-
tients’ performance increased under L-cammitine sub-
stitution: 69% of the verum patients achieved a maxi-
mum performance of 50 to 80 watts (increase by an
average of 22% to 66.9 watts) on day 60. As compared
to the values achieved on day 0, this increase in per-
formance is statistically significant (p < 0.01). At the
end of the L-carnitine application, which lasted 120
days, the values of 64% of all patients examined were

-in the 50 to 90 watts range (the mean value reached

70.7 watts, thus being 30% lugher than on day 0). This
increase is significant, too, in comparison with day 0 (p
< 0.01), whereas the dnﬁ'emnce between days 60 and
120 is not significant (Fig. 8). Even 60 days after the
end of the L-carnitine application, 70% of the patients
who were still included in the study achieved a maxi-
mum performance of 50 to 90 watts, which is
significantly higher than that on day 0 (p < 0.01). Ob-
viously, L-carnitine increased the patients’ exercise
tolerance not only during its application; its effect
could still be found during the control examination.

Tobie 3. Mean heart rates of the two groups of patients depending on ergometer performance

Losd Day 0 Day 60 Day 120 Day 180

Watt) Carnitine Placebo Carnitine Placebo Carnitine Placebo Camitine Placebo
1} 85 80 80 80 84 ™ ™

20 94 90 92 88 8 L 1] a8 87

30 98 95 9 94 90 9% 93 ge
40 101 100 106 98 98 101 9 99
50 104 102 08 102 %9 102 97 102

B0 163 106 103 107 100 106 o8 100

70 108 108 107 112 106 112 106 103

B0 118 116 113 115 100 119 110 98
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Fig. 5. Mean tension-time-index (TTI) of the carnitine and

the placebo group depending on ergometer performance on day
120

Discussion

The present study was aimed at investigating the ef-
fect of prolonged oral L-carnitine administration on the
performance of patients suffering from advanced car-
diac insufficiency. The patients were given 3 X 1g L-
carnitine or placebo p.o (in tablet form) per day. This
relatively high dosage corresponded with the design
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chosen by Cherchi et al. [27], Canale et al, [28], and
Ghidini et al. [31]. Other authors described studies in-
volving doses of only 900 mg/d [21] or 500 mg/d [22].
Contrary to other authors which applied L-carnitine
just acutely [24,37] or for a few days [29,32), the pre-
sent study was designed to investigate a prolonged
L-carnitine application of 120 days. The inclusion of
two additional tests made it possible to investigate
progress (60 days} and long-term effects (130 days).
(Statistical evaluation of hemodyramic parameters
was restricted to values up to 80 watts since only a few
patients showed a higher performance (up to 110
watis)).

Even if the values found at rest are of limited
evaluability as they were determined immediately be-
fore a planned exercise (expectational stress), it was
evident that, in correspondence with the findings of
most of the other authors, L-carnitine has no
significant effect on haemodynamic parameters at rest
{22,24,29,31,36 37]. This contradicts the assumption L-
carnitine could improve the oxygen supply of the myo-
cardium respectively reduce its oxygen consumption.
However, the in tendency lower tension-time-index
found in the L-carnitine group at rest on the 120th day
hints at a more economic cardiac work under L-
carnitine [38).

Bicycle ergometry resulted in medium heart rates
(Fig. 3) and in mean systolic blood pressure values
(Fig. 4) that were in tendency decreasing the longer
L-carnitine therapy was continued. A decrease in the

Table 4. Development of marimum performance (in watts) in the carnitine and the placebo group

Test day Test day
Camitize-patient, 1] 60 120 180 Plarebo-patient 0 60 120 190

1 100 100 100 2 40 40 10

3 60 4 80 9% 30

6 0 80 30 & 50 40 40

8 40 ™ 0 T 80 20 L
10 k1) 9 80 80 80
12 650 50 50 50 11 9% 60 BO o
12 20 30 10 10 14 40 50 kil )]
15 50 70 80 1:3 40 60 40 50
17 60 L] 100 110 18 20 40 40 490
20 50 19 0 ki) 10
23 40 21 80 50
24 40 50 50 22 50 50 60 80
29 50 50 50 50 25 60
28 70 70 9% 80 26 20 20 30 20
31 60 60 B0 9% 29 30 40 40 60
a2 50 70 80 60 30 60 80 80 B0
35 20 100 100 110 33 70 60 20
36 60 50 Hie 120 20
3B 60 80 80 80 a7 60 80 80 T0
40 20 30 20 39 50

41 80 8 0

Mean values 54,50 66,88 70,7t 76,00 Mean values 60,48 6316 5765  SITB
Stand. deviat 2085 20,53 UM 2335 Stand, deviat. 2420 20,53 2533 18,72
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Fig. 8. Mean ralues of maximum performance of carnitine and placebo patients on the four test days

exercise heart rate can be taken as an indicator of more
efficient cardiac work. However, the lower mean value
of the systolic blood pressure under load can be inter-
preted in different ways. Arterial blood pressure in-
creases with growing physical load since the share of
the cardiac output needed by skeletal musculature in-
creases. Therefore, L-carnitine makes it possible to
achieve a comparable ergometer performance at a
lower gystolic pressure. One reason for this might be
the systemic effect of L-carnitine. Carnitine stimulates
muscular pyruvate dehydrogenase activity [39] and
has a direct vasodilatatory effect.

Observations made by other authors [30) that .-
camnitine effects, in tendency, a lowering in heart rate
and systolie blood pressure were confirmed by the pre-
sent study. Nevertheless, there is a certain number of
reports about an increase in heart rate and blood pres-
sure {26], whereas most anthors found no changes in
the exercise heart rate under L-carnitine [20,21,37,40].
Explanations for changes in heart rate and blood pres-
sure vary in the literature; in order to explain the
positive effecta found in the present study, i.e., lowered
exercise heart rate and systolic blood pressure, one has

to consider not only a cardiac but also & peripheral
effect of L-carnitine on skeletal muscles and blood ves-
sels because of the systemic application. The tension-
time-index, which is an indicator of the quality of car-
diae work, did not differ very much on day 60, a more
pronounced difference was found on day 120: Within
the whole exercise range investigated, the TTI means
of the carnitine group were lower than those of the
placebo group (Fig. 5). Although the differences sre
not significant (p = 0.057 at 60 watts), a tendency is
clearly visible. Obviously, this higher efficiency can be
achieved both by a lower heart rate and lower systolic
blood pressure because on the 120th day these two
parameters showed mean values that were in tendency
lower in patients treated with carnitine than in pa-
tients receiving placebo. The results found during our
investigation differ from the findings of other authors
[21,22 27,40} who had found no changes in the pressure-
rate-product. It should be noted that although our de-
sign of the study is quite similar to that used by Cher-
chi et al, [27], the dosage is different. Whereas Cherchi
et al. had found no changes in the pressure-rate-prod-
uct up to the 60th day of treatment with 2 x ig L-



19129704

F4 Liister el al,

Maximum Ergometer Parformance
Lot fwat) Placebo Group

Duy U Doy 80 ey 120 Day 180

Fig. 7. Marimum ergometer performance of the placebo group
{Eack box comprizes the area between 18t and 3rd quartile; the

. horizontal line marks the median. The vertical lines represent

the nearest higher and lower obaervation values.)

carnitine per day, we chose a higher dose (3 x 1g/d) and
a longer period of application (120 days). This might
explain the different findings.

The ST segment changes measured during our
study cannot be evaluated statistically. A review by
Ferrari and Visioli (1992) [38] sums up previous publi-
cations on this subject and states that carnitine exerts
nodirect influence on the oxygen supply of the myocar-
dium. However, they also pointed out that ischemic
symptoms, including ST segment depression, are quite
often reduced under carnitine.

Comparison of the maximum performance in the

placebo group shows that there are no differences be-
tween the values found on all four test days (Fig. 6).

Owy O Doy 50 Owy 120 Dwy 100

Flg. 8. Maximum ergometsr performance of the carniting
group (Eneh box comprises the area between Ist and Srd quar-
tils; the horizontal line marks the median. The vertical lines
represent the nearst higher and lower observation values.)

Contrary to this, the carnitine group improved its
maximumn performance in a significant way. An in-
crease in exercise tolerance had already been found by
Thomsen et al. [41] in their experiments dealing with
the influence of L-carnitine on myocardial tissue.
There is a number of publications which point out that
L-carnitine improves exercise tolerance in patients
with chronic ischemic cardiac disease, too (21,22,28,42],
After application of 2 X 1g L-carnitine daily for 45
days, Ghidini et al. [31] found improvements in exer-
cise tolerance that made it possible to downgrade all
patients treated with L-carnitine in NYHA classifica-
tion. In an investigation involving 200 patients with
exercise-induced angina pectoris, Cacciatore [26] found
improved exercise tolerance after L-carnitine applica-
tion, too. After 10 days of treatment with 2g/d L-
carnitine iv.,, Giordano et al. [32] were able to prove a
positive inotropic effect with shortened preejection
time and increased left ventricular ejection time in
patients suffering from coronary heart disease. Canale
et al. [28] found that L-carnitine therapy increased
ergometer performance by 20 watts as an average
compared to a control group. In a multicenter study
including 44 angina pectoris patients from seven cen-
tres, Cherchi et al. [27] demonstrated increased per-
formance in 48% of all L-carnitine patients, whereas
only 11% of the placebo patients showed an increase in
performance. Kamikawa et al. [21]} studied exercise
performance after 4 and 12 weeks of L-carnitine ther-
apy; they found a better performance after 12 weeks
than after 4 weeka, too. In their overview, Ferrari and

. Visioli [38] noted the favourable effect of L-carnitine on

exercise tolerance in patients with cardiac diseases and
its reduction of clinical symptoms of ischemia in pa-
tients with coronary artery disease. Most authors
[21,27] explained the positive effect on performance
with improvements in myocardial metabolism due to
L-carnitine. Improved performance in the carnitine
group can also be explained with a direct influence of
L-carmitine on skeletal musculature: L-carnitine stimu-
lates oxidative phosphorylation in skeletal muscle and
reduces jschemically induced acidosis [43).

During the tests on day 180 our study confirmed an
increased exercise tolerance of those patients receiv-
ing L-carnitine: Maximum performance was 37%
higher than on day 0 (Fig. 6). This difference in per-
formance between days 0 and 180 is statistically
significant too (p < 0.01). However, it cannot be ruled
out that the small number of patients examined on day
180 is the reason for the higher mean performance of
the camitine group (positive selection). The same is
true for the placebo group: the most severely il pa-
tients left the study before day 180.

Another approach to explain the prolonged effect of
L-carnitine on performance results from the observa-
tion made by Regitz and Fleck [44] that myocardial
L-carnitine levels are reduced in cases of cardiac in-
sufficiency. Oral L-carnitine administration of 3 x 1g/d
might be a compensation for pathologic L-carnitine
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concentrations, therefore only a slow decrease in my-
cardial L-carnitine levels ocours after therapy. The
authors mentioned above have proven that L-carnitine
increases exercise tolerance in patients suffering from
ischemic cardiac disease and angina pectoris. The pre-
sent investigation was able to prove that the same
holds true for patients with ventricular dilatation, ie.
an advanced stage of cardiac disease.

The mechanism of how L-carnitine exerts its effect
on exercise tolerance has not been fully discovered yet
{20 Higher exercise tolerance under L-carnitine in
patients with chronic ischemic cardiac disease is some-
times explained with a beneficial effect of L-carnitine
on the disturbed metabolizm of the heart [38), whereas
other authors suggest that the increase in performance
is dve to improvements in the myocardial lactate meta-
bolism [41). It was also demonstrated that L-carnitine
infusions lower the lactate level in the sinus coronarius
in humans, which Suggests an improved oxygen supply
(37} Furthermore, the favourable . effects of L-
carnitine on exercise tolerance in patients with stable
angina pectoris are attributed to a decrease in the acyl-
CoA concentration and the reduction in adenine nu-
clectide translocase inhibition that goes with it: This ia
said to support ATP transport from the mitochondria
inte the cytoplasma. The accumulation of free CoA
increases the oxidative metabolism of fatty acids and
pyruvate, This explanation iz supported by the obser-
vation that investigations of chronic ischemic dog
hearts showed significantly higher ATP concentrations
in the myocardium after L-carnitine administration
than the control animals 45).

The beneficial effects on exercise tolerance found in
our study correspond with the results of other authors
(27,31,37,45] who examined patients suffering from
chronic ischemic cardiac disease or stable angina pec-
toris. Moreover, the present study supports and
confirms the findings that L-carnitine increases per-
formance and exercise tolerance in patients treated for
ischemically induced cardiac diseases and for ischemi-
cally induced cardiac insufficiency [21,26,27,35,36,42].
Our study confirmed this beneficial effect in patients
with ventricular dilatation, too, Therefore, L-carnitine
substitution will also be useful in cases of advanced
ischemic cardiac disease. The effect of L-earnitine in-
creases with the duration of therapy.

It seems that the increase in physical performance
is not due, as previously assumed, to a direct inotropic
effect of L-carnitine, but to a modulatory influence on
the metaboliam of the heart. Since the acenmulation of
LC acyl-CoA inhibits the adenine nucleotide translo-
case, L-carnitine effects a reduction of the LC acyl-
CoA level in the ischemic myocardiam, which permits
a more efficient utilization of the remaining oxygen.

The mode of action of L-carnitine differs from that
of other substances such as B-blockers, calcium antago-
nists, and nitrates; consequently L-carnitine can be
used in combination with them. It ean be concluded
that both a prolonged treatment with L-carnitine and
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a sufficiently high dosage are necessary for a successful
therapy.
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