N°. DOC. 19361

DRUGS EXPTL. CLIN. RES. XVIil{B) 355~ 365 (1992)

CONTROLLED STUDY ON L-CARNITINE THERAPEUTIC EFFICACY IN POST-

INFARCTION

DAVINI P., BIGALL! A., LAMANNA F.,' BOEM, A.

Department ot Cardiovascular Medicine. Santa Chiara Hospital. U.S.L.. Via Roma 67, Pisa. ltaly.

Summary: A conrroifed study was carred out on 160 patents of bolh sexes (age between 39 ang 86
years! discharged from the Cardiology Department of the Santa Chiara Hosoutal. Pisa. with a diagnosis of
recent myocardial infarction. L-carrstine was randomly adrministered to 81 patients at an oraf dose of g
4/dre for 12 months. in addition to the pharmacological lreatrment generally used. For the whole penod
of 12 monihs, these palients showed. in companson with the controls. an improvement in heart rate
{p < 0.005). systoic artenal pressure (P < 0.005) and diastofic artenal pressure (NS): a decrease of
anginal attacks (p <0.005). of rhythm disorders (NS) and of clinical signs of impaiwred myocardial
contractiity (NS). and a ciear impravemnent in the lipid pattern (p < 0.005). The above changes were
accomparied by a lower mortalily in the treated group (1.2%. p <0.005). while in the contro! group there
was a morlality of 12.5%. Furthermore, in the control group there was a definite prevalence of dealhs
caused by reinfarchron and sudden death. On the basis of these resulls. it 15 concluded that L-carmtine
represenis an effectve treatment i post-infarction 1schaemuc cardiopathy. since # can umprove the
chmcal evoluion of this pathotogical conartion as well as the patent’'s quanty of life and life expectancy.

introduction

L-carnitine is a natural compound present in high
concentrations in skeletal muscles and myocardial
tissues, where it plays an imponant sole in fatty
acid melabolism. inducing, as a highly specific
carrier, the transport of acyl radicals from the
cytoplasm to the intramitochondrial sites of B-
oxidation (1, 2, 3, 7, 12, 27, 28, 30). In cases of
ischaemia or hypoxic conditions, there is in the
myocardium a rapid inhibition of oxidative pro-
cesses and a reduction in tissue levels of free
L-carnitine, with a consequent rise within the cyto-
plasm of free-tatty acids and of their intermediate
metabolites, mainly long-chain acyl-CoA (15, 17,
18, 19. 20, 29). Because of their detergent action,
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bath free-fatty acids and. above alil, acyi-CcA exert
disintegrating effects on the cellular membranes
and inhibit some enzymatic activities essential to
myocardium energy metabolism. Among them, the
adenin-nucleotide-transiocase catalyses the ADP
transport from the cytoplasm to the mitochondria
and the ATP transport from mitochondria to the
cytoptasm. where it is used for contractile processes
and pumping activity. in addition, the inhibition of
this enzyme causes a compartmentalization of
ATP within the mitochondria and of ADP in the
cytoplasm, with final inhibition of ATP production,
due to a loss in the mitochondrial matrix of the
essential substrate for the axidative phosphoryiation,
represented by ADP (24, 25, 26). Moreover. sev-
eral studies show that L-carnitine is able to exent,
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Table | Inowvigual ana chrmcai characlenstics of the wo groups or paients. .

Group A Group B

(n=BI1y in=79} Diff
Sex {M/IF) 68/13 56/23 ) NS
Mean age {yis) 63.5- 16 E65=107 NS
Mean weight (kg) 21 =17 FCRE-RES. NS
Mean henghl {cm) 1697 =71 1679=78 NS
Posiive anamnesis for:
Precoronary ime {hours) 229107 17.3=-134 NS
Famiial CHD 28.7% 24.2% NS
Cigarette consumption (no.} 134=171 97-137 NS
Hyperlipidemnia 13.8% 18.7% . _ NS
Artenal hyperension 17.6% 27.8% p < 0.036
Intermuttent claudicalion 11% 53% NS
Cerebrovascular accigents 40% 11.2% NS
Angina pectons 40.2% 436% NS
Previous MAI 15.1% 8.3% NS
Objective exammation at beginning of hospitalization:
Heart rate {b/min) 77.0=151 804=173 NS
ASP (mmg) © 1298285 1364 =296 NS
ADP {(mmhg) ) 77.0+158 79.1+128 NS
Dyspnoea 44.7% 46.1% NS
Gallop rhythm 49.5% 1 3a|2% NS
Murmur of the hean t0.1% 9.0% . NS
Arrhythmias ‘ . 28.0% 28.1% NS
Mean Peel inoex 99+54 9645 NS
Maximum value of enzymes: .
CPK (p/mi) 1372.1 +891.9 1427.6 = 10201 NS
CKMB (p/mi} 92.8 £ 60.2 927 +685 NS
GOT {u/mi) 1266 =82.8 129.7 = BB.6 NS
LOH {(w/mi) 1108.3 = 649.0 1075.3 + 589.6 NS
Site of infarction: -
Anterior 33.3% 29.0% NS
inferior 3£.3% 38.0% NS
Other ‘ ' 30.4% 33.3% NS
CHD: coronary hean disease.

MAI: myocardial acute infarction.
ASP, ADP: anterial systolic pressure, arteria) diastolic pressure.

Mean values and standard deviations for the continuous quantitative variables; percentages and standard emor for the qualitative

variablas. .

through various mechanisms, protective effects
on the ischaemic or hypoxic myocardium (11, 14,
16, 31, 33, 34).

Clinical studies in palients with angina who had

undergone atrial pacing showed that L-carmitine
improved myocardium energy metabalism, thus
increasing the use of free tatty acids and reducing
the lactic acid flux in the coronary sinus (10, 34).
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Furthermore, it is able to improve the angor threshold
and the tolerance to the pacing, with a reduction
of ieft ventricular telediastolic pressure and of
anomalies in the ST segment and T wave (32). In
Patients with effori-stable angina, a multicentre,
double blind, crossover, controlled study, in con-
firmation of previous analogous results (4), showed
that L-camitine administration determines a higher
tolerance to physical effort, an increase in the
maximum work load and of the angor threshold,
and a decrease in the ECG signs of ischaemia
(5). In patients with acute myocardial infarction,
treatment with L-carnitine determined a reduction
in the area of necrosis (6, 7. 21), a iower monality
within 28 days after hospitalization (8), an improve-
ment in general condition and of the functionat
NYHA class, a more rapid regression of supraven-

3 T+ 5

tricular and ventricular ectopic beats and a mor-
taiity reduction after one and six months from the
ischaeric event (9). In patients with symptomatic
ventricular extrasystoles and previous infarction
or stable angina, a reduction of ectopic beats and
of their clinical severity was observed together
with a consistent extension of coupling intervals
(22, 23). On the basis of these observations, the
authors wished to ascertain, in patients who sur-
vived a myocardial infarction, if chronic treatment
with L-carnitine was able to modify the incidence
of complications and deaths in the year after
discharge from hospital.

Materials and methods

The research was carried out on 160 patients of
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both sexes, between 39 and 86 years of age, who
had suffered recent acute myocardial infarctions.
necessitating their admission to the Department
of Cardigvascular Medicine of the Santa Chiara
Hospital near Pisa, Iltaly.

All 160 patients were enrolled on discharge
from hospital after giving informed consent. The
study design was open, with a control group, with
treatment assigned according to a randomized
list. Two groups were designated, one consisting
of 81 patients {group A) treated with L-carnitine,
and the other of 79 patients {group B) as the control
group. The L-camitine was kindly supplied by
Sigma-Tau S.p.A.. Pomezia, Rome. ltaly. It was
administered per os. for one year at the daily dose
of 4g/die (2g every 12h).

Before onset of treatment, no washout was per-
formed because, in each patient in the trial, the
drug under study was combined to the standard
therapy. This was essentially represented by nitro-
derivatives and calcium antagonists with or without
ace-inhibitors, beta blockers, diuretics, myocardial
kinetics, anti-arrhythmics, anti-aggregants, lipid
lowering agents or anticoagulants. Considering
aims and the type of study and the nature of the
examined substance (L-carniting), no exclusion
criteria or contra-indications were considered
necessary. Moreover, no concomitant pathology
was listed among exclusion criteria. However, all
the pathological conditions which could modify
the probabilities of survival were reported.

In order to verify the homogeneity of the two
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groups, reference was made to some individual
and clinical characteristics noticed during hospi-
talization. represented by sex, age, weight, height
and by some anamnestic data previous to the
coronary evenl. These included a family history of
ischaemic cardiopathy, cigarsite consumption,
the possible presence of hyperlipidemia. arterial
hyprtension, intermittent claudication, previous
cerebrovascular accidents, angina pectoris or
previous myocardial infarction. Other consider-
ations were clinical data noted at the time of ad-
mission to hospital, such as hear rate. systolic
artenal pressure, diastolic arterial pressure, poss-
ible presence of dyspnoea, gailop rhythm, heart
murmur or arrhythmias, the Peet index, the maximum
values reached by cardiospecific enzymes, and.
lastly, the infarction site.

At discharge, and on the occasion of outpatient
controls scheduled after 30, 90, 180, 270 ang 360
days, the following parameters were studied: heart
rate, systalic arterial pressure, diastolic arterial
pressure, anginal attacks, rhythm disorders or
clinical signs of impaired myocardial contractility,
the lipid pattern and death rate. in addition the
frequency was studied of different causes of death.

All the collected data were expressed in means
and standard deviations and with minimal and
maximal frequency values. The Mann-Whitney test
was used for statistical evaluation, the Chi square
test for qualitative variables, the Student’s “1"-test
for the continupus quantitative varnables. The dif-
ference with p < 0.005 was considered significant.
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In Table I, some individual and clinical charac-
teristics noticed in the two treatment groups during
hospitalization are reported as mean values or
percentages. On the basis of these characteristics,
both groups were suffficiently homogeneous.

Concerning heart rate (Fig. 1), systolic arterial
pressure (Fig. 2) and diastolic anerial pressure
(Fig. 3), the group treated with L-camitine had on
an average, always lower values in comparison
with the control group. Significant differences
between the two groups were registered for hear
rate at the third outpatient control {p<0.0323),
and for the systolic arterial pressure at the last two
controls, respectively at p < 0.0318 and p < 0.0296.

During the observation period, a decrease of

anginal attacks (Fig. 4), of rhythm disorders (Fig. 5)
and of clinical signs of impaired myocardial con-
tractility (Fig. 6) were noticed, by means of the
frequency analysis, in the group treated with L-
carnitine, . However, the diffarences observed
between the two groups were statistically significar
only for angina attacks at the second and third
outpatient controls, respectively at p<0.021 and
p<0.013. Alterations in the lipid pattern (Fig. 7),
were lass frequently observed in the group treated
with L-carnitine, where the differences appeared
statistically significant only at the first out-patient
control {p < 0.049}.

Finally, in terms of deatn rate (Fig. 8), from the
first outpatient control, mortality was higher in the
control group, with values of 7.6% six months after
discharge, and 12.5% after 12 months; while, in
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the group which had been treated with L-camitine,
there was a mortality of only 1.2% (p <0.005).
From Table I, it is apparent that causes of death
were different in the two groups: in the coatrol
group (B) there were ten deaths: two due to ex-
tracardiac causes ang eight due to cardiovascular
causes (of which three were reinfarctions, two
sudden deaths, two heart fallures and one throm-
boembolism}; while in group (A) treated with L-
carniting, thete was only one death and this was
caused by thromboernbolism,

Discussion

The present study showed that L-carnitine ad-
ministration at the dose of 4 g/die, in addition to

the pharmacological treatment generally used,
during the 12 months after hospitalization for acute
myocardial infarction, can exert beneficial effects
on the clinical evolution of post-infarction car-
diopathy, improving the patient's quality of life
and life expectancy. in fact, over the 12 month
period and, in comparison with the controis, the
patients treated with L-camitine showed an im-
provement of heart rate, systolic arterial pressure
and diastolic anerial pressure, a decrease of
anginal attacks, of rhythm disorders and of clinical
signs of impaired myocardial contractility and a
clear improvement of the lipid pattem. These
results are very important and acquire even greater
significance if we consider that, in the meantime,
there was a high reduction of mortality 10 1.2% in
the L-camitine group as compared with a mortality
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rate of 12.5% in the control group. Moreover, it
must be stressed that in the group treated with L-
camitine death was caused by thromboembolism,
while in the contrc! group, death was caused
mainly by cardiovascular causes, with reinfarction
and sudden death in eight cases, and extracardiac
causes in the remaining two cases.

Because of the high statistical significance
{p < 0.005} of the differences observed in the two
treatment groups for nearly all the parameters
studied, the above positive efiects must be at-
tributed to the metabolic action exerted by L-
camitine in the myocardium. This action, already
noticed and demonstrated by numerous studies,
is responsible for the transport of long-chain acyl-
CoA, which, through acyl-transferase, is incorpor-
ated in acyl-camitine molecules during ischaemia

or myocardial hypoxy. Acyl-caritine has not only
a minor damaging action, but it also has a major
diffusibility; therefore it can be more easily removed
by the myocardial tissue damaged by hypoxy
or ischemia. Moareaver, by removing acyl-CoA,
L-carnitine eliminates the inhibition of adenyl-
translocase, thus inducing the transport of ATP
from mitochondria o cytopiasm, where it can be
used for the contractile processes and pumping
activity. Lastly, L-camitine enhances the oxidative
metabolistn not onky of fatty-acids, but also of
piruvate. Piruvate oxidation to acetyl-CoA and
further oxidation of this intermediate in the Krebs
cycle is highly stimulated by L-carnitine.

On the basis of these resuilts, it is clear that L-
carnitine represents a beneficial therapy to be
used in association with the usual treatment, in
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Table 8 Causes of death in the two groups of patents.

Group A Group B
Cause of death {n=81) n=79)
New infarction - 3
Sudden death - 2
Heart failure - 2
Thromboembolism 1 1
Extracardiac causes - 2
Totat 1 10

patients with post-infarction cardiopathy. In fact,
because of its characteristics, L-carnitine is able
o exert cardioprotective effects, not only on the
metabalic, but also on the functional level, thus
improving the clinical evolution of this pathological
condition. by improving the heart rate, by de-
creasing complications and, above all, by signifi-
cantly reducing montality.

Referencos

(1) Borum P.R. Camnitine function. in: Borurn P.R, (ed.) "Clinical
Aspects of Human Camitine Deficiency.” Pergamon Frass, Naw
York, 1888, pp. 14-27.

{2) Bremer J. Camitine and its role in laily ecid metabolism,
Trends Biochem. Scl., 2, 207-211, 1877.

{3) Bremer J. Camitine. Metabofism and function. Plwsiol.
Rov., 63, 14201480, 1383,

(4} De La Morena E.. Montero C.. Alvarez J.. De La Vieja J.
Effect of levo-camiting on serum levels of CK end CK-MB in
myocardial infarction. LAB. 11, 47, 1984,

(5) Ferrari R. Metabolismo e funzione del miocardio. Biblicteca
Scientifica, Fondazione Sigma. Tau, 1984,

(6) Ferri L., Galiazzo F., Siliprandi N. Carniting: significato
biachimico ¢ medico. Progr. Med., 34, 709—-723, 1978,

(7) Siliprandi N. Funzioni metaboiiche deila carnitina. Scienza e
Cultura, 3, 3—15, 1981,

(8) Silipranai N. { substrati energetici de! muscolo scheletico e
cardiaco. Atfeticas Studi. 2, 169—172, 1983,

(9) Siliprandi N. Aspetti de! metabolismo cardigco. Giomate
Cardiologiche Romana, Roma, 10— 14 febbraio. 1986.

(10} Liedtke A.L. Nellis S.H., Neely J.R. Effects of excess free
‘atty acrds on mechamcal and metaboiic funcron m normal and
schermc myocargium, Circ. Res., 43, 652~661, 1978.

(1) Liedtke A.J. Alteranons of carbohyarate and fipid metab-
ousm in ihe acutely wschemic heart. Prog. Cardiovasc. Dis., 23.
321-336. 1981,

(12) Liedtke A.J. Metabotism of the ischemic heart: aleratons
@ lalty ac:a intermediates and role of camitine. In: Kaiser E..
Lohninger A. (eds.). “Camitine — its Role in Lung and Meart
Disorders,” Karger, Munich, 1987, pp. 100-~111.

{13) Opie LH. Myocaraial meiabofism and heart disease. Jap.
Cire. J., 42, 1223, 1578,

(14) Opie L.H. Aole of carmine in fatty acid metabolism of
nomnal and ischermic myocardium. Am. Hean J., 97, 375-388,
1979,

(15) SiliprangiN., DiLisaF.. Toninelio A. Alterazioni biochimiche
nel miocardio ischemico: ruolo della camitina. G. ltal. Cardiol., 14,
804--809, 1984.

(16) Shrago E. Myocardial adenine nucieotide transiocase, J.
Mol. Cell Cardiol., B, 497. 1976.

(17) Shrago E.. Shug A.L... Sol H., Bittar N., Folts J.D. Controi of
energy production in myocardial ischerrya. Circ. Res.. 38, 75-79.
1976.

(18) Shug AL, Shrago E., Bittar N.. Folts J.D.. Koke J.R. Acyl-
CoA inhibiton of adenine nucleotige lransiocation n ischemic

myocaragium. Am. J. Physiol,, 228, 689-692, 1975.

{19} Ferrani R., Cucchini F., Visiolt O. The metabolical effacts
of L-camtine in angina pecions. Int. J. Cardicl.. §. 213-2186,
1984.

(20) Foits J.D., Shug AL Koka LR., Bittar N. Protection of the
ischemic dog myocardium with camiine. Am. J. Gardiol., “,
1205-1214, 1978,

(21) Liedtke A.J., Nellis S.H. Effects of camitine in ischemic
and latty ecid supplemented swine hearis. J. Clin. Invest., B4,
440--447, 1979,

(22) Suzuki Y., Kamikawa T., Yamazaki N. Protoctive effecss of
L-camitine on ischermic heart, In: Fronkel RA. Mc Gany J.D,
(eds.), “Camiine Biosynihesis, Metabolism, and Functions.”
Academic Press, New York, 1980.

(23) visioll O, Femani R. Ls terapia metabolica del danng
ischemicy. Basirazionali e Strategia d'intervento, Clinica & Terapia
Cardiovascolare, 1: 75~89, 1882,

(24) Visioli O., Ferrari R. The effects of L-carnitne onmyocardial
metabolism of coronaly artery disease ({CAD) patients. In: Romurm
P.A. {ed.), "Clinical Aspects of Human Camitine Deficiency.” Per-
gamon Press, New York. 1986, pp. 241-242.

(25) Ferrari R, Raddino R., Di Lisa F., Cucchini F., Visioli O.
The effects of L-camitine on myocardial metabolisn of CAD
patients before and after atrial pacing. J. Mol. Cell Cargiol., 12,
41, 1980, g

{26) ThomsenJ H., Shug A.L, Yap V.U., Patel A K., Karras Td.,
De Felice S.L improved pacing tolerance of the ischemic human



myacaraium alier aamimisiraton of carmme. Am. J. Cardiol.. 43,
300-306. 1979.

1271 Cherchi A.. Fonzo R Lai C.. Mercure G, Corst M. Sulf'azione
antanginosa gella carmpna. Boll. Soc. tal. Caraiol . 23, 71 -89,
1478

(28} Cherchi A etal. Ellects of L-carriine on exercise toterance
0N CAYOMC slanie anqina; a mulncenire. doubie bing. randormzed.
placeta conirafied. crossover siudy. J. Clin. Pharm, Ther. Toxic..
23, 569-572, 1985,

{29 Chianello M.. Brevelti G.. Policicchio A.. Nevola E., Con-
dorelli. M L-carmtine 1 acute myocaraial infarchon A muthcenter
rangomized ingl. In: Borum, P.R. {ed.) "Clinical Aspects of Human
Carnitine Dehciency.” Pergamon Press, New York. 1986. pp.
242-243.

{30} Rebuzai A G.. Schiavoni G.. Amico C.M.. Montenero A.S..
Manzoli U. Beneficiat eflects of L-carmmune in the requchon of the

L-carnitine therapy post-infarction

necroic area in acuie myocaroeat infarction. Drugs Exptl. Clin.
Res.. X. 219-223. 1984.

{31) De Pasquale B.. Righetn G.. Menottt A. La L-carmiina nella
terapra geltinfario miocarary acuto. Cardiologia. 35. 591-596,
1990

{32) De Ritis G, Pietropaoh P, Milietti M.. Picardo S.. Pascarella
M.A., Tarquimi S. La carnrtina nel trattamento metabolico dell infarto
acuto gel miocardio. Eur. Aev. Med. Pharm. Sci., 4, 1-8. 1982,

(33) Schiavoni G.. Lucente M., Di Folca A.. Alessandri N
Mongiardo R., Manzoli U. Effetto anrantmico gefia L-carmitina n
soggeth affeth da caraiopatia sschemuca. Clin. Terap.. 96, 263,
1981.

(34) Schiavoni G.. Pennestn F. Mongiargo R., Mazzari M.,
Manzoh . Cararogynarmic eftects of L-carmhine in iscaermc car
aiopathy. Drugs Exptt. Clin. Res.. IX, t71-185, 1983.

365



