Pharmacological Research, Vol 37, No. 2, 1998

ND: 26254

@

EFFECT OF L-CARNITINE ON MYOCARDIAL METABOLISM: RESULTS
OF A BALANCED, PLACEBO-CONTROLLED, DOUBLE-BLIND STUDY IN

PATIENTS UNDERGOING OPEN HEART SURGERY

ORNELLA PASTORIS*, MAURIZIA DOSSENA, PAOLA FOPPA, MARIANA
CATAPANO, ELOISA ARBUSTINIt, ORNELLA BELLINIt, BARBARA DAL

BELLOY, GAETANO MINZIONIt, PIERO CERIANA$§ and NICOLETTA BARZAGHI$

Institute of Pharmacology, Faculty of Science, University of Pavia, fInstitute of Pathology,

I.R.C.C.S. Policlinico San Matteo of Pavia, } Division of Cardiothoracic Surgery ‘Charles
Dubost’, LR.C.C.S. Policlinico San Matteo and University of Pavia and §Department of

Anesthesiology and Intensive Care I, .R.C.C.S. Policlinico San Matteo of Pavia, Pavia, Italy

Accepted 19 December 1997

The effects of L-carnitine on cardiac performance after open heart surgery were evaluated
in a balanced, placebo-controlied, double-blind study in 38 patients. Preoperative haemody-
namic status was good in all of them. Seventeen subjects underwent mitral valve replace-
ment and 19 patients coronary artery bypass grafting. Five grams L-carnitine were given
intravenously over 2 h, twice daily for 5 consecutive days; moreover, 10 g t-carnitine in 1500
ml cardioplegia were administered through the aortic root after aortic cross-clamping.
Surgery was always planned on treatment day 3. The post-ischaemic functional recovery of
the heart was assessed by clinical parameters, as well as by biochemical and ultrastructure
evaluations on biopsy specimens. No differences were found between the control and the
treatment group with respect to all clinical parameters of cardiac performance after
cardiopulmonary bypass. At anaesthesia induction, serum carnitine was significantly in-
creased in treated patients, but carnitine concentrations in the right atrial biopsy obtained
just before aortic declamping were similar in the two groups. In patients with mitral valve
replacement, L-carnitine therapy was associated with significantly higher concentrations of
pyruvate, ATP and creatine phosphate in papillary muscle. Glycogen levels were also higher
in the treated group, but the difference was not statistically significant. Mpyocardial
ultrastructure on septal biopsies, obtained within 5 min from weaning from extracorporeal
circulation, showed better preservation scores for all considered parameters (nucleus,
sarcoplasmic reticulum, mitochondria and cellular oedema) in the treated subjects, al-
though the difference reached statistical significance only for nuclei. When biochemical and
ultrastructural data are considered, these findings suggest that L-carnitine improves my-
ocardial metabolism. However, it cannot be concluded that L-carnitine provides an advanta-
geous support therapy for well-compensated patients requiring cardiac surgery. In contrast,
the positive effects of L-carnitine on cardiac recovery after bypass might become clinically
relevant in the surgical setting for haemodynamically compromised patients, in which

further investigations are required.
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INTRODUCTION

Carnitine is the specific carrier for the transport of
fatty acids from cell cytosol across the mitochondrial
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membrane for S-oxidation. The heart largely de-
pends on B-oxidation for energy production, but it is
unable to synthesise carnitine. However, under phys-
iological conditions, myocardial carnitine concentra-
tions are kept high via an active carnitine uptake
from the blood [1). In contrast, myocardial carnitine
depletion has been reported during ischaemia, an
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observation raising questions on the practice of
starting carnitine therapy in candidates for coronary
artery surgery [2, 3]. In the canine myocardium, in
vivo, carnitine treatment is associated with a signifi-
cant reduction of long-chain acyl-CoA accumulation
in the mitochondrial space induced by ischaemia.
Since high levels of long-chain acyl-CoA inhibit the
action of adenine nucleotide translocase, which is
involved in the transport of ATP, carnitine protec-
tive effect on the ischaemic heart may be secondary
to its action on mitochondrial long-chain acyl-CoA
concentrations {4, 5).

In open heart procedures, it is of pivotal impor-
tance to realise an adequate myocardial preservation
against the metabolic derangements occurring dur-
ing ischaemia. Protection is achieved by limiting the
ischaemic time and by using hyperkaliaemic cardio-
plegic solutions in order to induce a time-limited
electromechanical quiescence of the heart. Recently,
a number of studies have focused on the evaluation
of various xenobiotics as therapeutic additives to
commonly used cardioplegic solutions [6). In isolated
rat hearts, higher myocardial ATP concentrations
and better morphometric scores for mitochondria
were observed when carnitine had been added to the
perfusate and cardioplegia (7).

On the basis of the experimental data and the
good tolerability of L-carnitine in man [8), L-carni-
tine was given intravenously and as a supplement to
cardioplegia in order to evaluate its effect on cardiac
performance in patients undergoing cardiac surgery.
The primary aim of the study was to determine if the
time required for weaning from cardiopulmonary
bypass (CPB) was shorter in patients treated with
L-carnitine. Moreover, biochemical and ultrastruc-
tural data on cardiac biopsy were obtained in all
patients to establish possible treatment-related dif-
ferences in myocardial metabolism and morphome-
try.

PATIENTS AND METHODS

Study population

Overall, 38 patieats (22 males and 16 females)
aged 45-70 years took part in the study, which was
approved by the local Ethics Committee. Each
patient gave written informed consent to the study.
Patients were scheduled for elective coronary artery
bypass grafting or mitral valve replacement. Pre-
operatively, a New York Heart Association class
> 2, an ejection fraction < 40% and a mean pulmo-
nary artery pressure > 25 mmHg represented exclu-
sion criteria from the study, as weil as the oceur-
rence of any clinically relevant non-cardiac disease.

Study design
After informed consent had been obtained,
paticnts were randomised in a control or in a treated
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group according to a double-blind, placebo-con-
trolled, study design. The L-carnitine group received
5 g L-carnitine intravenously over 2 h, twice daily for
5 consecutive days; moreover, 10 g L-carnitine in
1500 ml cardioplegia were given at surgery. The
control group received the placebo formulation ac-
cording to the same regimen.

Surgery planning, sample collection and clini-
cal parameters recording

Surgery was always planned on treatment. day 3.
The surgical procedure, as well as the anaesthesia
and the extracorporeal technique were standardised
for all patients. General anaesthesia was induced
and maintained with repeated bolus doses of fen-
tanyl, flunitrazepam and pancuronium, the lungs be-
ing ventilated with an O,/air mixture in order to
maintain normocarbia and SaQ, > 97%. A 2 lead
electrocardiogram (ECG) tracing (leads II and V),
as well as an invasive arterial blood pressure were
continuously monitored. A Swan-Ganz catheter for
pulmonary pressure monitoring was placed only in
selected patients. In all cases, the extracorporeal
circuit was primed with Ringer's solution. On full
CPB, mild systemic hypothermia (34 + 1°C) was ob-
tained. Then, the ascending aorta was crossclamped
and a single 13 ml/kg dose of 5°C cardioplegia was
delivered into the aortic root.

In patients with valve disease, the mitral valve and
its apparatus were rapidly removed. In all patients,
myocardial specimens from the right atrium and the
interventricular septum were biopsied respectively
just before the aortic declamping and immediately
after weaning from CPB.

The papillary muscles and the right atrium sam-
ples were frozen in liquid nitrogen immediately after
their collection. The septal tissue specimens were
fixed in 0.5% Karnovsky's solution at 4°C for 3 h,
washed in cacodylate buffer 0.2 M (pH 7.3), post-fixed
with 1.5% OsO, in cacodylate buffer for 1 h at room
temperature and then kept at 4°C until the analysis.
In order to evaluate the post-ischaemic functional
recovery of the heart, the following parameters were
recorded: total bypass time, number and cnergy of
DC shocks necessary to restore sinus rhythm after
the aortic cross-clamp removal, drugs required to
wean patients from CPB and their dosage, time
required for weaning, ECG tracings. In all subjects,
defibrillation was performed at a nasofaringeal tem-
perature > 34°C according to the following scheme:
first discharge, 10 J; second discharge, 20 J: third
and fourth discharge, 20 J. The time required for
weaning from CPB was defined as the lag-time
between the graft perfusion during coronary artery
surgery or the end of the de-airing manoeuvres after
valve replacement and the discontinuation of bypass. -
ECG tracings were obtained preoperatively, on ar-
rival in ICU and 24 h after the end of surgery. Each
tracing was analysed for rhythm and deviation of ST
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segment from isoelectric baseline. The ST segment
level was measured 60 ms after the J-point and
recorded in millimetres, using the standard calibra-
tion of 1 mV per 10 mm. Deviations > 0.1 mV were
considered significant for myocardial ischaemia [9].

Biochemical assays

The serum and right atrial myocardium concen-
trations of free carnitine, long-chain carnitine and
short-chain carnitine derivatives were determined in
all patients.

Blood samples (5 ml) were obtained before the
first carnitine or placebo dose administration and at
general anaesthesia induction, which was scheduled
30 + 5 min after the first drug infusion on the treat-
ment day 3 had been delivered. Serum, obtained by
immediate centrifugation at 1000 g for 10 min at
room temperature, was kept frozen at —20°C until
analysis. Carnitine and its fractions in the serum
were determined according to the spectrophotomet-
ric method by Schifer and Reichmann f10].

Upon removal from liquid nitrogen, the right
atrium tissue was homogenised and diluted 1:10 with
HCIO, 0.3 M. The homogenate was then centrifuged
at 5000 g for 15 min. Free carnitine and its short-
chain derivative levels were determined on the su-
pernatant fluid. The sediment was washed, diluted
1:10 with KOH, rehomogenised, incubated at 56°C
for 1 h and centrifuged at 5000 g for 15 min. The
long-chain acyl-carnitine was then determined on
the supernatant fluid.

In patients with mitral vaive disease, a quantita-
tive determination of the glycolytic pathway
metabolites, of the Krebs’ cycle intermediates with
the related amino acids and the energy mediators
was performed on the papillary muscle. Once re-
moved from liquid nitrogen, the papillary muscie
was immediately powdered (Microdismembrator
Braun; Melsungen AG) by two consecutive 45 s
passages. The tissue was then diluted 1:10 with
HCIO, 0.6 ~ for acid deproteinisation. The homo-
genate, obtained by two 1-min passages in Ultra-
Turrax (Ika-Werk), was split in two aliquots, After
glycogen enzymatic hydrolysis on the first aliquot
0.2 ml), the papillary muscle glycogen level was
measured according to the spectrophotometric
method of Keppler and Decker [11]. The remaining
homogenate was centrifuged at 1500 g for 15 min in
a refrigerated centrifuge (Beckman J2-21; rotor JA-
20). The supernatant was neutralised at pH 6 with
KHCO, 2 M, and then recentrifuged at 1500 g for a
further 15-min period. On the extract, kept at 0~-4°C
temperature, were immediately performed the de-
terminations of pyruvate {12, lactate [13], citrate
(14], a-ketoglutarate | 15), malate [i6], aspartate [17),
glutamate [18], AMP and ADP (19), ATP and crea-
tine phosphate [20). Pyruvate, lactate, citrate, a-ke-
toglutarate, malate and aspartate were assayed spec-
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trophotofluorimetrically (Perkin-Elmer LS5 spec-
trophotofluorimeter; Buckingamshire, UK), whereas
the remaining metabolites were determined by a
Beckman 35 spectrophotometer. Concentrations
were expressed as pmol of glycosidic units g™ of
fresh tissue for glycogen and as pmol g~! of fresh
tissue for the other metabolites. For the energy
store and mediators, the energy charge of the adeny-
late pool (ECP) was calcutated, according to Atkin-
son {21}, as the value of the ratio ([ATP] +
0.5[ADP])/([ATP] + [ADP] + [AMP)).

Ultrastructure evaluation

After dehydration through graded concentrations
of ethanol (from 2.5% to 100%) and propylenoxide,
the interventricular septum biopsy specimens were
embedded in Epon-Araldite. Twenty thin sections of
each tissue specimen were obtained using a micro-
tome. Each section was stained in uranyl acetate
followed by lead citrate and examined in a Zeiss 902
electron microscope. A semi-quantitative analysis of
morphologic changes in myocardial cells was per-
formed blind by a single observer, using a previously
published grading system with minor modifications
[22). Four parameters (mitochondria, nucleus, intra-
cellular oedema and sarcoplasmic reticulum) were
evaluated and graded separately on a scale of (-4,
grade 0 being considered normal and grades 3-4
representing an irreversible damage. For each
parameter of the same specimen, the cumulative
score was defined as the mean value of the overall
scores for that parameter obtained from each single
section,

Statistical analysis

Data are expressed as mean + sb. Statistical com-
parison between and within groups was performed
by the analysis of variance, when the considered
Quantitative variable showed a normal distribution.
For non-parametric variables, a X -test was per-
formed. A P-value < 0.05 was accepted as statisti-
cally significant for both variables.

RESULTS

Clinical data

The study was carried out and completed on 38
and 36 patients, respectively. Two subjects {one
patient in each group) dropped out because of a
delay in the time of surgery. Nineteen patients un-
derwent coronary artery bypass grafting, the remain-
ing being scheduled for mitral valve replacement,
Overall, 18 subjects received the treatment with
L-carnitine, the study drug being given to 9 subjects
undergoing mitral valve replacement and 9 subjects
with coronary artery disease. In the treated group
(10 males; 8 females), the mean age was 60 + 8 years
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(range: 45-69 years). In the control group (12 males;
6 females), the mean age was 58 + 8 years (range:
41-69Y years).

Anaesthesia was given in all cases according to
the experimental protocol and no patient showed
ischaemia or dysrhythmias in the pre-bypass period.
Also the CPB was established and carried out with-
out modifications from the study protocol, and no
patient required blood derivatives before the bypass
initiation. After cardioplegia delivery, the myocar-
dial temperature decreased to 11°C on average
(range: 8-13°C), allowing a good cardiac preserva-
tion. In patients with coronary artery grafting, wean-
ing from the ECC was accomplished by infusing
0.5~ pg kg™' min~' glyceryl trinitrate. One subject
in the control group developed a low output syn-
drome intraoperatively and required 0.5 ug kg™'
min~' epinephrine. In patients with mitral vaive
replacement, dopamine (range: 4-7 ug kg™' min~')
and sodium nitroprusside (range: 0.5~1, ug kg~!
min~') were routinarily co-administered in order to
wean CPB.

The total bypass time and the time required for
extracorporeal weaning in the study population are
shown in Table L. No significant difference was found
in patients with coronary artery disease, as well as in
those with mitral valve disease, although total bypass
time and time to wean from CPB were lower in the
L-carnitine treated patients of the latter group.

Overall, spontaneous recovery of sinus rhythm
occurred in 7 patients and only one 10 J discharge of
DC shock was required to restore sinus rhythm in 17
subjects of the remaining patients. No differences
were observed between treated and control patients
with regard to spontaneous defibrillation, the num-
ber of DC shocks required to restore sinus rhythm
and the analysis of cardiac rhythm and ischacmia
throughout the peri-operative period. Preopera-
tively, all but one patient in the coronary artery
bypass group were in sinus rhythm, while 16 of 17
subjects with mitral valve discase showed atrial fib-
rillation. Postoperatively, all but 2 mitral valve
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patients showed the same rhythm as preoperatively.
A ST segment depression was detected in 4 grafted
patients (3 of them in the control group) in the
postoperative period; however, the CK-MB values
were negative for myocardial ischaemia.

In all cases, L-camitine was well tolerated and no
drug related side effects were reported. The
postoperative course was uneventful in 34 patients.
One patient from the control group died on
postoperative day 15 of multiple organ failure sec-
ondary to Staphylococcus aureus infection. Surgery
was complicated by stroke in one subject of the
treated group.

Biochemical data

Serum and right atrium concentrations of carnitine
and its denivatives  Basal free carnitine concentra-
tions in serum ranged from 0.8 to 17.5 wmol 17,
with similar mean values for the two groups of
patients (Fig. 1). Before induction of anaesthesia,
free carnitine in serum was on average 2.4 times
higher in the carnitine treated subjects, mean con-
centrations being 23.7 + 4.6, wmol {~' and 9.9 + 2.3
amol 171, respectively, in the treated and the con-
trot groups (P < 0.001). However, no significant dif-
ference was found between the two groups in the
right atrium content of carnitine and its acyt deriva-
tives (Fig. 1).

Papillary muscle metabolic profile  The metabolic
profile in the papillary muscle was assessed in 9
L-carpitine treated patients and 8 control subjects.
Biochemical data are shown in Table II. With re-
spect to the glycolytic pathway, mean pyruvate con-
centration was significantly higher in the carnitine
treated patients. Since the lactate level was un-
changed in the two groups, the lactate /pyruvate
ratio value degcreased significantly in the treated
subjects. Glycogen concentrations were also higher
in the treated population, but the difference did not
reach statistical significance. Tissue concentration of
Krebs’ cycle intermediates and related aminoacids
were similar in the carnitine and placebo patients, as

Table I
Clinical parameters of postbypass myocardial performance in patients receiving placebo (r =18, 10 of them being
scheduled for coronary artery bypass grafting) or L-carnitine (n = 18, 9 of them being scheduled for coronary artery bypass

grafting)
Parameter Control group Treated group
Total bypass time {min)
All patients 104 +7 104 + 8
Patients with mitral valve disease 108 + 26 82 + 26
Patients with coronary artery disease 102 + 29 121 + 32
Time to wean ECC {min)
All patients l6+2 l6+2
Patients with mitral valve discase 17+8 12+6
Patients with coronary artery disease ) 15+38 19+ 10

Datza are given as mean + sD.
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well as myocardial AMP, ADP and ECP. In contrast,
the papillary muscle ATP and CP levels were sig-
nificantly higher in the treated subjects.

Ultrastructural assessment

Interventricular septum biopsies for ultrastructure
examination were obtained from 23 patients, 12 of
them belonging to the treated group. In the remain-
ing cases the biopsy was not performed because of
severe cardiac arrhythmias during tissue harvesting.
For all parameters, lower scores (indicative of a
better myocyte preservation) were obtained in the
L-carnitine treated patients, although the difference
reached statistical significance only for nuclei (Table
[D. In particular, the indexes of mitochondrial
changes did not reach statistical significance between
the two groups. With respect to nuclear pattern,
some nuclear clumping and nuclear chromatin
margination were observed in the placebo but not in
the treated group of patients (Fig. 2).

DISCUSSION

During cardiac ischaemia, intramitochondrial long-
chain acyl-CoA concentrations increase. High levels
of this compound inhibit the action of the mitochon-
drial enzyme adenine nucleotide transiocase, which
is involved in the ATP transport. As a consequence,
cellular metabolism and viability deteriorate. During
ischaemia, L-carnitine administration considerably
reduces the accumulation of long-chain acyl CoA in
the mitochondrial space. Moreover, in ischaemic
canine myocardium, L-carnitine treatment is associ-
ated with improved mitochondrial function and B-
oxidation of free fatty acids, as well as with a relative
increase of glycolysis (compared to free fatty acids
oxidation) for energy production [5]. These findings
suggest a protective role of L-carnitine on the is-
chaemic myocardium and support the clinical use of
L-carnitine, especially in patients with ischaemic
heart disease [2, 3].

During open-heart surgery with cardioplegic ar-
rest, myocardial ischaemia always occurs. Since such
ischaemia is standardised, cardiac surgery with car-
dioplegic arrest represents an experimental model in
man for the evaluation of the cardiac cffects of
xenobiotics [6], including carnitine (23, 24},

[n patients with mitral valve disease, Sunamori et
al. [24] have demonstrated that pretreatment with
L-carnitine was effective in improving all clinical
parameters of postbypass cardiac performance. In
contrast, on the basis of the clinical results we can
not conclude that L-carnitine improves myocardial
function after cardiopuimonary bypass. In fact, the
vasoactive drug requirements and the time necessary
to wean CPB were similar in the treated and the
placebo group. Our clinica] data agree with the
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findings obtained by Demeyere er al [23]. An intra-
venous 3 or 6 g L-carnitine or placebo infusion was
given over a 10-min period before the onset of CPB
to patients scheduled for elective coronary artery
bypass grafting. Although plasma carnitine levels
markedly increased in the treated patients, the hae-
modynamic profile after reperfusion was not
favourably affected by L-carnitine. Moreover, the
energy mediators content in transmural left ventric-
ular biopsy specimens obtained at the beginning and
the end of cardiopulmonary bypass did not differ
significantly among the groups. On the contrary, the
present study demonstrates in man that a multiple
dose intravenous therapy with L-carnitine improves
the myocardial content of ATP and creatine phos-
phate. In fact, the relative contribution of the vari-
ous pathways addressed to energy production cannot
be clearly elucidated, but a preferential activation of
glycolysis may be inferred on the basis of the sig-
nificant increase in pyruvate levels observed in the
L-carnitine treated population. As far as this is
concerned, the present findings provide further evi-
dence that carnitine enhances glucose metabolism
while decreasing the relative contribution of g
oxidation of free fatty acids during myocardial is-
chaemia in man [25]. However, when the biochemi-
cal data are considered, it might be surprising to
detect the same right atrium carnitine concentra-
tions in the L-carnitine treated and in the placebo
group of patients. Recently, Nakagawa er al [26]
have demonstrated that the concentration of free
carnitine and its fractions is markedly lower in the
right atrial appendage than in the left ventricular
muscle. Therefore, the right atrial tissue might be an
inadequate tissue in order to establish whether car-
nitine positively affects myocardial performance.
Moreover, the right atrial biopsies have been ob-
tained just before aortic declamping, that is approxi-
mately 1 h after cardioplegic arrest. During is-
chaemia, tissue stores of carnitine and its fractions
might have decreased, thus impairing the evaluation
of any treatment-related difference in their concen-
trations. This hypothesis could be supported by re-
cent findings in rats [27]. Labeiled propionyl-L-
carnitine given intravenously undergoes rapid clear-
ance from plasma and it is extensively metabolised
in the heart, the unchanged tracing representing
only 2.4% of radioactivity 15 min after drug adminis-
tration.

To date, there is a paucity of studies focused on
the sequence of the ultrastructural changes during
cardiac surgery and their resuits are often conflict-
ing. However, on the basis of the available litera-
ture, it seems likely that nuclear abnormalities are
more prominent during the cross-clamp period,
whereas mitochondrial derangement occurs early in
the reperfusion period and is often a partially re-
versible phenomenon. Overall in our patients, the
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Fig. 1. (a) Serum free carnitine concentration (mean + SE) in the control and in the treated group of patients at baseline
and at anaesthesia induction (treatment day 3). P < 0.001. (b) Concentration of free carnitine, short-chain and long-chain
camitine derivatives (mean + SE) in the right atrium specimens obtained at aortic crossclamp removal in the control and in
the treated group of patients. @, control group; @, treated group.

degree of morphologic injury was mild, with a score
ranging from 0.6 to 1.4 on a scale from 0 to 4.
Similar score values have been reported by Warner
et al. (28] on biopsy specimens of left ventricle after
cold potassium cardioplegic arrest, thus suggesting
that the observed structural impairment might be
shared by a number of cardiac pathologies (coronary
artery disease, mitral valve pathology, aortic stenosis
and insufficiency). Also, the time elapsed between
initiation of reperfusion and the time of myocardial
biopsy collection in our study population (1612
min) was similar to that reported by Warner et al
[28], as were the values for the nuclear and mito-
chondrial score at reperfusion in the placebo group
of patients. A trend towards a better preservation of
the cardiac myocyte was found in the carmitine

treated patients. However, significant differences at
ultrastructura! examination were observed only for
the nuclear chromatin. These findings are surprising,
since, on the basis of the mechanism of action of
carnitine, changes in mitochondrial rather than nu-
clear ultrastructure could have been expected.
Finally, a pharmacokinetic bias in the study plan-
ning is unlikely. In the healthy volunteer given 6 g
L-carnitine intravenously over 10 min, the elimina-
tion half-life of carnitine is about 4 h {8]. In patients
with heart disease, drugs kinetics may markedly
change, and after multiple drug dosing the time
required to reach the steady-state levels may be
prolonged. In the present study, however, the pre-
operative drug administration could have been long
enough to fulfil steady-state conditions, especially if
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Table IT
Papillary muscle concentration of glycogen, Krebs’ cycle
intermediates and e¢nergy mediators in patients with
mitral vatve disease receiving L-carnitine or placebe

Metabolite Control group Treated group
(n=29) fn=9)
Glycogen 41.043 + 36.802  65.140 + 41.149
Pyruvate 0.176 + 0.149 0.399 + 0.312*
Lactate 5.603 + 3.751 6.802 + 3.016
Lactate / 70.249 +91.852  39.202 + 32.747*
PYruvate ratio
Citrate 0.194 + 0.100 0.261 + 0.198
a-Ketoglutarate 0.038 + 0.027 0.034 + 0.021
Malate 0.318 £ 0.236 0.150 + 0.084
Aspartate 0.313 £ 0.258 0.301 £ 0.072
Glutamate 1.915 + 1.881 3.506 t 2.616
Alanine 0.783 + 0.609 0.621 + 0.545
AMPF 0.112 + (123 0.116 + 0.116
ADP 0.717 £ 0.327 0.772 £ 0.224
ATP 0.923 + 0.325 1.523 + L.121*
Creatine 1.846 + 0.975 3.010 + 3.070*
phosphate
ECP 0.626 + 0.313 0.797 + 0.081

Concentrations are expressed as pmol of glycosidic
units g~ ' of fresh tissue for glycogen and as pumol g ~* of
fresh tissue for the other metabolites. Data are given as
mean + sb; *P < 0.05.

the patients’ good pre-operative haemodynamic pro-
file is considered.

In conclusion, in the present experimental condi-
tions, our biochemical and ultrastructural data de-
monstrate that L-carnitine improves the myocyte
metabolism in man; however, we cannot affirm that
L-carnitine therapy may represent an advantageous
support therapy in patients scheduled for open-heart
operations when patients’ preoperative haemody-
namics are good. By contrast, the positive effects of
L-carnitine on cardiac recovery after bypass might
become clinically relevant in the setting of surgery
on haemodynamically compromised patients, in
which further investigations are required.

Finally, as far as the sample size is concerned, our
results need confirmation with a larger sample of

Table III
Ultrastructural parameters on interventricular septum
biopsy specimens obtained after weaning from CPB in
patients receiving placebo or L-carnitine

Parameter Control group Treated group
fn=11) (n=12)

Mitochondria 0.88 + 0.83 0.63 +0.65

Nucleus 1.45 + 0.39 0.76 + 0.50*

Entracellular 0.85 + 0.58 0.71 £ 0.62
oedema

Sarcoplasmic 1.13 £+ 0.72 1.09 +0.68
reticulum

Data are given as mean + sp; *P = (.002.
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Fig. 2. (a) Electron micrograph showing weli preserved
myocyte nucleus, mitochondria and sarcomeres of a -
carnitine-treated patient. (b) Electron micrograph showing
some chromatin clumping, myofibrillar lysis and mitechon-
drial cristolysis in the myocardium of a placebo-treated
patient.

patients, since insufficient evidence to reject the
standard null hypothesis of equivalence does not
imply sufficient cvidence to accept it.
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