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Farty acids accumulate in the muscle cells in some carnitine deficiency syndromes due 10 a variety of genetic
defects in intermediary metabolism. L-Carnitine administration may relieve this excess by transporting acy!
compounds out of the cell as acylcarnitine. Similar Sfatty acid accumularion occurs during myocardial ischae-
mia because of the decreased rate of S-oxidation, and this has been put forward as a cause of ventricular
arrhythmias. This study was carried out to in vestigate whether administration of high doses of i.v. L-carnitine
in patients with acute myocardial infarction could increase urinary excretion of acylcarnitine and reduce early

ventricular arrhythmias.

Fifty-six patients suffering from acute myocardial infarction, admitted to the C oronary Unit between 3 and
12 h after the onset of symptoms, were inciuded in the study.

The design of the study was double blind, paralte! and placebo controlled. Allocation aof treatment to patients
was done randomly after stratification ( time Jrom onset of pain and site of infarction). The Sirst group (28
patients received intravenous L-carnitine at a dose of 100 mg kg~ b.ow. every 12 h for 36 h while the second
group (28 patients ) received placebo intravenously. Immediatel 'y before starting treatment two blood samples
were taken {at 5-min intervals) and a further 16 samples were taken at regular intervals aver the following
48 h. Patients” urine was collected over the same period of time. Concentrations of free carnitine, short chain
acylcarnitine esters and long chain acyicarnitine esters in serum and urine were measured. On days | and 2,

24-h ECG monitoring ( Holter) was carried out.

Analysis of results showed that: (1) in patients receiving placebo, free carnitine serum levels increased

significantly during the first 48 h after infarction; (2] in the same group of patients, free and total urinary
carnitine excretion was significamly higher than in normal subjects; (3) administration of high doses of
L-carnitine considerably increased urinary excretion of long and shori chain carnitine esters; (4 ) this
metabolic effect might explain the reduction in premature ventricular beats on the second day of treaimens.

Introduction

The physiological role of L-carnitine is to transfer
acyl compounds (fatty acids) from the cytosol to the
mitochondrial matrix where they are oxidized.
When g-oxidation is impaired, for example when
there are genetic defects of intermediary metab-
olism, L-carnitine may relieve the pathological
accurnulation of acyl-CoA esters by extracting the
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acyl compounds from coenzyme A. Excess acylcar-
nitine esters may then ‘be transported out of the
mitochondrion and the cell: if they are preferen-
tially excreted, a relative deficiency of carnitine is
created”’l. This peculiar detoxifying activity of L-
carnitine is explained by the fact that fatty acids are
only excreted in the urine as acylcarnitine esters.
Abnormally high concentrations of acyl-CoA esters
also occur in the myocardial cells during ischaemia
and this is the consequence of reduced fatty acid
oxidation due to lack of oxygen. The myocardial
fatty acid accumulation has been put forward as a
cause of both conduction disturbances™ and ven-
tricular arrhythmias®™®. Free carnitine deficit has
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Table ! Number and general characteristics of patients

L-Carnitine Plecebo
Number 28 28
Age (years} s0Xio 808
Sex 19{M)+9(F} 23(MI+5(F)
Weght (kg) Q12 75112
Height {cm) 1669 ieat s

been repeatedly observed in the experimental
ischaemic heart as well as in the myocardium of
patients with cardiac infarction™.

The present study was carried out to assess
whether, and to what extent, administration of high
doses of 1.v. L-carnitine in patients with acute myo-
cardial infarction could: (1) increase production
and urinary excretion of acyl carnitine; (2) reduce
early ventricular arrhythmias,

Materials and methods

PATIENTS

Fifty-six patients with acute myocardial infarc-
tion (AMI) were enrolled in the study. Inclusion
criteria were: transmural myocardial infarction,
sinus rhythm, interval between beginning of pain
and hospital admission of 3-12 h, age <75 years.
Exclusion criteria were: previous myocardial
infarction; atrio-ventricular conduction defects,
complete bundle branch blocks, Killip class 111, 1V.

The experimental design was double blind with
two parallel groups. Patients were allocated at ran-
dom to treatment with L-carnitine®* or placebo after
stratification based on two relevant factors: time
between onset of pain and treatment (36 or 6~12 h),
and site of infarction (anterior, inferior or antero-
inferior) (Tables | and 2).

Patients arriving in the Coronary Unit before the
3rd hour were not included in the study since they
received thrombolytic treatment. Patients in one
group received 100 mg kg~! b.w. of i.v. L-carnitine
every [12h for 36h (four administrations), while
patients in the other group received placebo. The
protocol did not allow for antiarrhythmic prophy-
laxis, though antiarrhythmic therapy could be given

*The viais of t-carnitine (! g) were supplied by Sigma-Tau S.p.A.,
Pomezia, Rome, ltaly.

Table 2 Straiification criteria and number of patients in each

group
Stratification

Time from beqinning of pain ﬂ

L=Carnitine group
14 patients: >3, <&h
14 patients. >6, <!2h

Placebo group
14 patients: >3, <Sh
t4 patients: > 6, <12h

@ L Site of inforction ]]

L-Carnitine | Placeba
Antarior 4 16
inferior 11 10
Antero-infarior 3 2

in cases of threatening arrhythmias or arrhythmias
which might cause haemodynamic impairment.

SERUM AND URINARY CARNITINE

Blood samples to determine free carnitine {(FC).
short chain acylcarnitine esters (SCACE) and fong
chain acyl carnitine esters (LCACEY* " were taken
5 min before and immediately before starting treat-
ment and then 2.4, §, 12, 14, 16, 20, 24, 26, 28, 32,
36, 38, 40, 44 and 48 h after starting. In order to
determine urinary carnitine levels®™'Y,  urine
samples (10 mi) were collected at each urination
during the 48 h of the study. These samples, stored
at —20°C, were then analysed for their FC,SCACE
and LCACE content. Resulis were expressed in
umol (24 h}~', by adding together the quantities
measured in each sample, and correcting for the
volume of each single urination.

Blood samples for carnitine assays were also
taken from 28 healthy control subjects (18 M and 10
F,aged 45+ 12 years). The urine of 11 of these sub-
jects was also collected over a 24-h period to
measure urinary carnitine excretion.

ANALYSIS OF VENTRICULAR ARRHYTHMIAS

All patients underwent a continuous electrocar-
diographic (Hoiter) recording during the first 48 h
after admission to the CCU, Recordings were made
on an Avionics 445-B twin channel instrument,
using V, and V, leads. The analysis of tapes was
carried out on an Avionics-Trendsetter with com-
puterized reports of heart rate, frequency of
premature ventricular beats (PVB), paired PVBs
and ventricular tachycardia (VT) defined as =3
consecutive PVBs at a rate of = 100 min~".

STATISTICAL ANALYSIS
The following tests were used: the chi-squared
test; the Mann-Whitney U test for data measured
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Figure | Serum carnitine {free. short and long chain esters) during the first 48 h
after admission to the Coronary Unit in the two groups of patients — AM1 treated
with either L-carnitine or placebo. After starting treatment, the levels measured in
the L-carnitine group were aiways significantly different with respect to the placebo
group (P <0-001). Normal values (28 subjects): Free carnitine 43 +8 pmol 1-";

SCACE3-6+2:6umol !~ LCACE 23+ 11 pmol[-".

on a nominal scale; Student’s two-tailed i-test for
paired and unpaired data; and two-way variance
analysis (ANOVA) for data whichk could be
measured on a continuous or interval scale. The
data from the last two tests were expressed as mean
+standard deviation. Student’s r-test was corrected
using the approximation to Behrens and Fisher’s
test proposed by Cochran and Cox!'¥ whenever the
data seemed to suggest that the sampies of the
populations to be compared had different vari-
ances. The data were analysed separately for the
first and second days of treatment, the aim being to
study both the difference between the two treat-
ments on each day and the difference between the
days with regard to the same treatment. In this way,
four separate comparisons were made. The chi-
squared test was used to compare the two treat-
ments on each of the study days, to analyse the
" hourly average of premature ventricular beats by
dividing it into two classes: PVB < 10 h~'and PVB
>10h"!
Mann Whitney's U test was used to compare
urinary carnitine concentrations between the group

treated with L-carnitine and the heaithy control
group.

The corrected (-test was used for the anaiysis of
PVBs and VT and to compare urinary carnitine
levels in the placebo and healthy controi groups.

Analysis of variance according 10 randomized
block design was used to compare treatrents on the
two study days and to see whether the interval
between onset of pain and admitiance to hospital
(3—6 or 6-12 h) had any effect, either absolute or in
terms of interaction with treatment.

Differences with P« 005 were considered
significant.

Resuilts

SERUM CARNITINE

Variations in serum concentrations of FC,
SCACE and LCACE found in the two groups (1.-
carnitine or placebo) of patients with acute myo-
cardial infarction are presented in Fig. 1. They
show that whereas before treatment the serum con-
centrations of FC, SCACE and LCACE in both
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Figure 2 Free serum carnitine during the first 48h after
admission to the Coronary Unitin patients with AMI receiving placebo.

Table 3 Urinary excretion of free carnitine (FC}, short chain acvicarnitine
esters  SCACE]. long chain acyicarnitine esters { LCACE ) and total carnitine
in {1 healithy subjects (0--24 h; and in the rwo groups with AM[ treated with

placebo or L-carnitine during the firsi rwo days in the Coronary Unit

f u
;F Healthy supjects T AMI (Placaoe} l AMI (L -Cornitine) ! -
d-24n 24-48h |C-2Z8R 24-48n (0-24n 24—-48h
£} Faey 8(e)
FC 126151 - 3472631 57EX6OR [30991X18070 26354 111934
fumoies) ${eee)
§(a)
SCACE 1461123 - rasT 1547150 26761 4224 1BI8 215
Lwmakes)| ! §leest
i Biees) S{see]
_GACE | 6-7Ia.% - 82249 95282 [230X192 2001142
pmoles) $(ere)
L) S(aes) S(es)
TOTAL | 2797148 - 7782 8BO  738%650 [33734ti9520 zE9sziizoes
L amoms) §(2ne)

= P <005 Y =P <01 M = P <0001,

L-carnitine and placebo groups were virtually the
same, L-carnitine treatment induced, throughout
treatment, a significant increase (£ <0-001) in these
compounds whose maximum values, as expected,
were found in the first blood sampie taken after each
L-carnitine administration.

Itis worthwhile to note that in the placebo group
(Fig. 2) serum FC increased progressively from
38+13pmol 17!, recorded at ‘time 07, to
55+ 17 umol 17! (P <0-001) after 26 h. Thereafter
until 48 h, mean values ranged between 352 and
55 umol 17", Statistical significance was reached at
16 h (P <0-02).

URINARY CARNITINE (TABLE 3}

Urinary excretion of free and total carnitine in
the placebo group was significantly higher than in
the I1 heaithy conirol subjects. On both days of
treatment L-carnitine induced a similar and remark-
able increase.in the elimination of FC, SCACE,
LCACE and total carnitine compared with the

placebo group (£ <0-001).

HOLTER ANALYSIS

Mean heartrate (24 h)~' was 85 + 17 beats min ™'
in the L-carnitine group and 77+ 13 beats min ™!
(P <0:05) in the placebo group during the first 24 h
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Table 4 Premaiure ventricular beats and ventricular tachycardia in the placebo and -

CUrRfiRg groups

Ist day 2rd day

Placebo L -Carrutine| Placebe L-Carnitine
Recording time (h} '22:4%34 22.5%5 204572 20-4*76
PvBsh™' 93¥272 &QTIIS 20236 . a7
Time with multiferm PVBs (n } nis 83%8 7328 . 29%a
Time with paired PVEBs {h ) 6-6I76 56X68 | 28Y4-4 s Dgriz
Number of paired PVBs (24 h) 23754 23tae 7t 07215
Time with ventricular techycardin 4.ts5.9 3ta 0-7XkI . 02204
Number of ventriculdr tdchycordiag episcdes | 7+ 43 23%97 1t2 = 02205

¢ P <O05; 2R <002

Table 5 Nwmber of parients with premature ventricular beats
{PVBs <l0h"' and PVBs >10h') during the first and
second day of ireatment { placebo or L-carnitine )

Ist day 2nd day
< > 10 <10 >10
 — s
Plocebo ! 10 18 15 ! 13
[
L-Corrtine ‘ tHl 17 23 l 2
ns 2001

of recording, and 91 + 19 beats min ™' (L-carnitine)
and 84+ 16 beats min~' (placebo) during the fol-
lowing 24 h (P =n.s.). No significant differences in
maximum heart rate were observed between or
within the groups on the first day (L-carnitine:
123+ 16 beatsmin~*: placebo 125 + 24 beats min ")
nor on the second day (L-carnitine: 123 + 19 beats
min~'; placebo 118+ 18 beats min~"). PVB fre-
quency s shown in Table 4. The L-carnitine group,
compared with the placebo one, showed a signifi-
cantly lower incidence on the second day in: PVBs
h™' (P<005); hours with multiform PVBs
{P<0-05); hours with paired PVBs (P<0-02);
hours with VT (£ <0-05) and number of VT epi-
sodes (P <0-05). A significant difference (P < 0-01)
in favour of the L-carnitine group was also observed
on the second day of treatment when the number of
patients with PVBs < or > 10 h~! was considered
(Table 5).

OTHER VARIABLES
Complications occurring during hospital stay
were: left veatricular wall rupture (L-carnitine one
case: placebo one case), shock (L-carnitine one case:
placebo one case), heart failure {(L-carnitine one
case: placebo five cases), complete heart block
(L-carnitine one case; placebo no cases), cardiac

aneurysm (L-carnitine no cases: placebo one case)
and pericarditis (L-carnitine four cases; placebo two
cases).

Two patients died in the L-carnitine group, both
on the first day: one because of left ventricular wall
rupture 4 h after admission and the other of com-
plete heart block and shock 14 h after admission.
Two patients died in the placebo group, both on the
second day: one patient because of shock 35 h after
admission and the other of left ventricutar wail
rupture 28 h after admission.

Concomitant therapies used during the first two
days after admission are shown in Table 6. The two
groups were balanced with respect to drugs most
frequently used: antiarrhythmic drugs were used in
very few cases and could not influence the analysis
of the results.

Discussion

The results of this study show that: (1) in the
placebo group the serum level of free carnitine in-
creases significantly in the first 48 h after AMI: (2)
in the same group, urinary excretion of free and
total carnitine during the first 48 h after AMI is
significantly higher than in normal subjects: (3) ad-
ministration of L-carnitine induces a remarkable
and significant increase in carnitine esters in both
serum and urine. In the placebo patients, this could
be accounted for by loss of carnitine from damaged
heart tissue. This assumption would be in agree-
ment with previous results showing a significant
release of carnitine from ischaemic and anoxic
heart">!. However, if carnitine is not also pro-
vided by other tissues the extent of the observed
increase of carnitine in both plasma and urine
would require almost half of the carnitine contained
in the heart, Considering that the rate of carnitine
excretion continues for at least two days, it is likely
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Table 6 Concomitant therapies during the first and second day of the study.

The numbers shown in the
particular Ireatment

table indicate hoW manv patients received each

'st doy 2nd day
L-Carnttine Placebo L-Carnitine Placeba

Ca-ontagaonests:

mfadiping 4 14 25 23
Nitrodervatives:

isosarpide dimtrote | 3 4 6

Nitraglycerine - } - 2
Cruretics:

Furcsemide 3 2 4

K TCanreoncte - 1

Antrarrnythmics
Ligotaine
Amiadarone
Mexiierine
Junaftine

tt
LI -

[

Cardrac glycgsides:
J-methyi-digaxine - - -

that carnitine is also released by other tissues. prob-
ably skeletal muscle, as a result of stress.

Increased synthesis of carnitine in Jiver and kid-
ney cannot be excluded, especially if one considers
the very probabie stimulation of proteolysis occur-

_ring in AMI, and consequently the large availability
of carnitine precursors, methionine and trimethyl-
lysine. All these events might concur to diferent
extents to explain the observed increase in carnitine.

Another point which needs discussing is the dra-
matic increase in serum and uninary levels of carni-
tine esters found after L-carnitine treatment. The
Serum increase may be explained as a consequence
of the esterification between €x0genous carnitine
and the acyl groups within the cetls, catalysed by
CoA: carnitine acyl transferase. an enzyme well rep-
resented in myocardiai tissue. This esterification
allows the ‘wash-out’ of acyl groups into the blood
and, consequently, into the urine. in other words,
an increased availability of FC can react with acyl
CoA to form acyl camitine, enabling these com-
pounds to diffuse through membranes. This consti-
tutes a useful mechanism which, by eliminating acyl
compounds in excess, exercises a protective func-
tion during cardiac ischaemia and may account for
the reduction in ventricular arrhythmias observed
on the second day in the treated group compared
with the placebo one.

These data confirm previous results on labora-
tory animals demonstrating the antiarrhvthmic
activity of carnitine!®2 especially in ischaemic
conditions.

The authors are indebted to Dr C. R. Roe. Division of
Genetics & Metabolism, Deparument of Pediatrics, Duke

University Medical Center. Durham NC, U.S. A, for his
precious suggestions and thank Miss Roberta Barbetui,
Mrs Rosa Coppari and Miss Karen Laxton for valuable
secretarial assistance, '
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