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palmitoyltransferase I inhibition in rats

Joachim Gunther a,), Kay-Dietrich Wagner a, Heinz Theres b, Ingolf Schimke b,¨
Annkathrin Born a, Holger Scholz a, Roland Vetter c

a Department of Physiology, Humboldt-UniÕersity, Charite, Tucholskystr. 2, 10117, Berlin, Germany´
b Clinic Internal Medicine I, Humboldt-UniÕersity, Charite, Schumannstr. 20r21, Berlin, Germany´

c Department of Toxicology, Institute of Clinical Pharmacology and Toxicology, Medical Centre Benjamin Franklin, Freie UniÕersitat Berlin,¨
Garystrasse 5, Berlin, Germany

Received 22 August 2000; accepted 24 August 2000

Abstract

Inhibition of carnitine palmitoyltransferase I with etomoxir increases sarcoplasmic reticulum Ca2q-transport and V isomyosin1

expression. To test whether etomoxir attenuates contractile dysfunction after myocardial infarction, we compared the contractility of
papillary muscles from etomoxir- and placebo-treated rats 6 weeks after infarction. Etomoxir induced cardiac hypertrophy in animals with
small infarctions, and enhanced compensatory heart growth at large infarct size. Contractile function of papillary muscles from
etomoxir-treated rats was improved particularly in animals with small infarctions. Thus, induction of mild cardiac hypertrophy by
etomoxir in rats with small infarctions may be beneficial for myocardial performance. q 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Altered cardiac contractility and compensatory hyper-
trophy of the non-infarcted myocardium are considered as
risk factors for increased cardiovascular morbidity and

Ž .mortality after myocardial infarction Pfeffer et al., 1992 .
On the other hand, we could demonstrate that post-infarc-
tion hypertrophy is associated with increased resistance of
the heart to oxidative stress due to adaptive changes in
Ca2q handling, creatine kinase isoenzymes and antioxidant

Ž .enzymes Wagner et al., 1998 . After infarction, we also
found alterations of isometric twitch characteristics which
were attenuated by angiotensin-converting enzyme inhibi-
tion and b-adrenoceptor blockade in the surviving rat

Ž .myocardium Wagner et al., 1997 .
Clinical trials have shown that inhibition of mitochon-

Ž Ž Ždrial carnitine palmitoyltransferase I with etomoxir 2 6 4-
. . .chlorophenoxy hexyl oxirane-2-carboxylate improved car-
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diac contractile function in patients with heart failure
Ž .Schmidt-Schweda and Holubarsch, 1997 . The beneficial
action of etomoxir may involve a metabolic shift from

Žfatty acid oxidation to glucose utilisation Rupp et al.,
.1992 . Etomoxir promotes cardiac growth and increases

myosin isoenzyme V and sarcoplasmic reticulum Ca2q
1

ŽATPase activities in the heart Rupp et al., 1992; Vetter
.and Rupp, 1994 . We have recently shown that the rates of

contraction and relaxation of rat papillary muscle and
sarcoplasmic reticulum Ca2q-transport were impaired in

Žhypertrophied hearts after experimental infarction Wagner
.et al., 1998 . In this study, we examined whether long-term

treatment with etomoxir would preserve contractile func-
tion of the surviving myocardium after infarction.

2. Material and methods

2.1. Induction of myocardial infarction

The investigation conforms with the Guide for the Care
and Use of Laboratory Animals published by the US

ŽNational Institute of Health ISBN 0-309-05377-3, revised
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.1996 . Myocardial infarction was induced by ligation of
the left coronary artery under chloral hydrate anaesthesia
Ž .400 mgrkg in 10–15-week-old male Wistar rats weigh-

Ž .ing between 250 and 280 g Wagner et al., 1997 . For
Ž .sham operation ns22 , ligations were placed beside the

Ž .coronary artery. Surviving rats about 50% with infarction
were randomised on the first post-operative day and treated

Ž .for 6 weeks either with placebo ns16 or with etomoxir
Ž .ns28 . To avoid acute drug effects, treatment was
stopped 36 h before the start of the experiments. Etomoxir
was added to the drinking water. The water intake was
adjusted and monitored to assure a daily dose of 10 mg
etomoxirrkg body weight. A comparable oral dose of
etomoxir has been shown to inhibit carnitine palmitoyl-
transferase I in rats as indicated by modified lipid

Ž .metabolism Rupp et al., 1992; Vetter and Rupp, 1994 .
Six weeks after coronary artery ligation, the rats were
anaesthetised by intraperitoneal injection of ketamine hy-

Ž . Ždrochloride 75 mgrkg plus xylazine hydrochloride 7.5
.mgrkg , and the hearts were excised. Left ventricular

papillary muscles were dissected, and both heart chambers
were weighed separately. Visible transmural infarction size
was estimated by measuring the percentage of left ventric-
ular endocardial circumference replaced by scar tissue.
Small non-transmural infarctions were identified by light

Žmicroscopical examination. Since small infarct size -
.25% of the ventricular area did not induce significant

hypertrophy in untreated animals, the preparations were
divided into placebo- and etomoxir-treated subgroups with

Ž . Ž .small -25% and large infarct size 26–40% of the left
ventricular area.

2.2. Experimental protocol for papillary muscles

Posterior left ventricular papillary muscles were
mounted horizontally in a tissue bath. The bathing solution

Ž .which was oxygenated with pure O pO about 80 kPa2 2
Ž .at 318C, had the following composition mM : NaCl 140.0,

KCl 5.0, CaCl 1.5, MgCl 1.1, Tris–HCl 10.0, glucose2 2
Ž .11.1 pH 7.43 . Field stimulation with 0.5 Hz and isomet-

ric force measurement were achieved using the stimulator

module, the force transducer and the bridge amplifier of
Žthe Plugsys system 603 Hugo Sachs Elektronik, March-

.Hugstetten, Germany . Data acquisition, analysis of the
mechanogram and statistics were performed on a computer
using software developed in our laboratory. Preload was
adjusted to a value producing half-maximal load-depen-

Ž .dent peak force PF . Under these conditions, force devel-
opment was nearly stable for more than 2 h. Biphasic
rectangular impulses of 7-ms duration and a current 30%
above threshold were applied. To ensure adequate oxygen
supply to the preparations, the stimulation frequency was
fourfold increased for several minutes without affecting
contractile function. To avoid the build-up of a hypoxic
core in the papillary muscles, the preparations were al-
lowed to equilibrate for about 25 min at the low stimula-
tion frequency of 0.25 Hz at 0.75 mM CaCl and low2

Ž .preload of 1 mN. PF, maximum d Frd t d Frd t , themax
Ž . Ž .time to peak force TPF , minimum d Frd t d Frd tmin

Ž .and the relaxation time for decline of force by 50% RT50
Ž .and by 97% RT97 were determined. In addition,

Ž . Ž .d Frd t rPF and d Frd t rPF were calculated.max min
Ž .Plotting of d Frd t rF vs. F resulted in a partly hyper-

bolic force–velocity relationship. Extrapolation of the hy-
perbolic segment to Fs0 provided a AV -equivalentB asmax

Žan assessment for the rate of sarcomeric shortening Gulch,¨
.1990 .

2.3. Statistical analysis

Values are expressed as means"S.E.M. The Wilcoxon
test for unpaired or paired samples was used for the
non-normally distributed data. P-0.05 was considered
statistically significant.

3. Results

Ž .Body weights were comparable in all groups Table 1 .
In the placebo group, at the small infarct size of 6.8"3.2%,
the values for left and right ventricular weight-to-body

Table 1
Effect of postinfarct treatment with the CPT-1 inhibitor etomoxir on body and heart weights of rats with small and large myocardial infarction

Without infarct Small infarct Large infarct

Ž . Ž . Ž . Ž . Ž .Sham operated ns22 Placebo ns9 Etomoxir ns11 Placebo ns7 Etomoxir ns17

Ž .Body weight g 378.3"6.0 360.0"8.5 370.3"5.5 345.5"13.0 351.1"9.2
a a,b,c a,b a,bŽ .Ventricular weights mg 981"30 1002"40 1200"30 1242"60 1381"72

a b,c a,b bŽ .Left ventricular weightrbody weight mgrg 2.12"0.03 2.18"0.06 2.57"0.06 2.75"0.15 2.82"0.12
a a,b a,b a,b,cŽ .Right ventricular weightrbody weight mgrg 0.55"0.02 0.59"0.06 0.68"0.03 0.86"0.09 1.11"0.03

2 a a,bŽ .Papillary muscle cross-sectional area mm 0.95"0.09 0.94"0.17 0.84"0.12 1.17"0.11 1.21"0.11

Values are means"S.E.M. Rats with an infarct size -25% were grouped in the Asmall infarctB group; a infarct size range of 25–40% was used to group
the rats into the Alarge infarctB group.

aP-0.05 significant difference between the respective value of the small and large infarct group.
bP-0.05 vs. sham operation.
cP-0.05, significantly different from respective placebo value.



( )J. Gunther et al.rEuropean Journal of Pharmacology 406 2000 123–126¨ 125

weight ratio were close to those in sham operated animals.
Only in the placebo group, at the large infarct size of
34.9"1.9%, higher values of both ratios compared to
sham operation indicate hypertrophy of left and right
ventricles. In comparison to sham operation, the higher
values of both ratios in etomoxir-treated animals with
small infarct size of 10.1"3.3% group indicate cardiac
hypertrophy which was not seen in placebo-treated rats at
a similar infarct size. In etomoxir-treated animals at the
large infarct size of 33.2"1.0%, the right ventricular
weight-to-body weight ratio was significantly increased
and higher than in the respective placebo group. The
cross-sectional areas of the papillary muscles as a measure

Ž .for hypertrophy after infarction Wagner et al., 1998 were
significantly enlarged in etomoxir-treated animals with

Žlarge infarction vs. sham operation in the placebo group
with large infarction, the value of P for significance was

.0.08 .

3.1. Contractile function

Isometric PF development per cross-sectional area was
not significantly different between the experimental groups
Ž .Table 2 . Rates of contraction and relaxation of the non-
hypertrophied myocardium in the placebo group with small
infarction were clearly decreased compared to sham opera-
tion.

Long-term treatment with etomoxir induced cardiac hy-
pertrophy at low infarct size leaving the course of contrac-
tion in this group largely unchanged vs. sham operation. In
particular, etomoxir treatment completely normalised the
course of relaxation as indicated by the nearly identical
Ž . Ž .d Frd t r d Frd t ratios in etomoxir-treated ani-max min

mals with small infarction and in sham operated rats.

Increasing the stimulation frequency from 0.5 to 1 Hz
produced a typical negative inotropic effect in etomoxir-

Žtreated animals with small infarction PF rPF :1 Hz 0.5 Hz
.0.93"0.02, P-0.05 vs. 1.00, ns10 as after sham

Žoperation PF rPF 0.95"0.01, P-0.05 vs. 1.00,1 Hz 0.5 Hz
.ns22 . However, negative inotropy in placebo-treated

animals with small infarction gradually disappeared at the
Ž .20th twitch PF rPF : 1.00"0.02 which is not1 Hz 0.5 Hz

Ž .seen in normal rat myocardium Lammerich et al., 1995 .
After onset of infarction-induced hypertrophy in

placebo-treated animals with large infarction, the rate of
contraction was lower than after sham operation, whereas
the rate of relaxation was normal as indicated by the lower
Ž . Ž .d Frd t r d Frd t ratio.max min

Interestingly, the V -equivalent as a measure for themax

maximum velocity of unloaded sarcomere shortening,
which is thought to correlate with the myosin–ATPase

Ž .activity Gulch, 1990 , was significantly reduced in the¨
hypertrophied papillary muscles in placebo-treated animals
with large infarction compared to small infarction, to sham
operation, and also to the respective etomoxir-treated
group. In the placebo group, a negative correlation be-
tween the AV -equivalentsB and the cross-sectional areamax

Ž .of papillary muscles rsy0.72; ns16; P-0.01 was
found. In etomoxir-treated animals with large infarction,
along with the development of hypertrophy the decrease in
the AV -equivalentB was less pronounced. Accordingly, amax

significant correlation between the AV equivalentsB andmax

the cross-sectional area of papillary muscles was not found
Ž .rsy0.35; ns28 .

Other parameters for the rate of contraction were simi-
lar in both groups with large infarction. In etomoxir-treated
animals with large infarction, the relaxation rate of the
hypertrophied papillary muscles was not significantly dif-
ferent from that in the respective placebo group.

Table 2
Effect of postinfarct treatment with etomoxir on isometric twitches of isolated papillary muscle of sham-operated rats without myocardial infarction and
animals with small and large infarction

Without infarct Small infarct Large infarct

Ž . Ž . Ž . Ž . Ž .Sham operated ns22 Placebo ns9 Etomoxir ns11 Placebo ns7 Etomoxir ns17
2PFrcross-sectional area, mNrmm 4.3"0.7 4.0"1.2 3.3"0.9 4.0"1.5 4.6"1.2

a b,c a a,cTPF, ms 143.3"3.4 161.3"6.4 146.9"4.4 157.1"1.9 155.6"2.7
a b,c a a,cŽ .d Frd t rPF, 1rs 13.4"0.3 11. 5"0.4 12.7"0.4 12.1"0.3 12.1"0.2max
a a a aŽ .d Frd t rF, 1rs 29.0"0.5 25.7"0.9 27.0"0.9 25.9"0.6 26.2"0.4max
a,c c a,c a,b,cV -equivalent, 1rs 154.1"4.3 142.7"6.6 148.9"5.0 122.9"6.4 138.0"2.3max
a,c b cRT50, ms 80.3"2.2 99.1"8.9 81.6"4.5 79.7"2.1 85.1"3.0

a,c cRT97, ms 168.3"4.8 208.4"16.9 176.7"10.2 165.7"3.3 173.1"5.6
a,c b cŽ .d Frd t rPF, 1rs 8.6"0.2 7.5"0.3 8.4"0.4 8.9"0.3 8.3"0.3min
a,c cŽ .d Frd t rF, 1rs 13.9"0.5 11.6"0.8 13.6"0.8 14.6"0.7 13.9"0.5min

a,c a,cŽ . Ž .d Frd t r d Frd t 1.56"0.03 1.66"0.09 1.54"0.06 1.38"0.04 1.46"0.04max min

Values are means"S.E.M. Rats with an infarct size -25% were grouped in the Asmall infarctB group; an infarct size range of 25–40% was used to
Ž .group the rats into the Alarge infarctB group. PF, peak force; d Frd t , maximum d Frd t; TPF, time to PF; d Frd t , minimum d Frd t; RT50 97 ,max min

Ž .relaxation time for the decline of PF by 50% 97% .
aP-0.05 vs. sham operation.
bP-0.05 significantly different from the respective placebo value.
cP-0.05 significant difference between the respective value of the small and large infarct group.
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4. Discussion

This study demonstrates that chronic application of a
low dose of etomoxir almost completely restores the me-
chanical function of the rat myocardium after myocardial
infarction, particularly at a small infarct size.

In contrast, myocardial contraction and relaxation were
disturbed in placebo-treated animals after infarction
Ž .Wagner et al., 1998 . Isometric contraction and relaxation
depend upon myosin isoenzyme activity and Ca2q home-

Ž .ostasis Bers, 1997 . It is likely, therefore, that a shift
from the AfastB V to the AslowB V myosin isoenzyme1 3
Ž .Mercadier et al., 1981 and a reduced sarcoplasmic reticu-

2q Žlum Ca -transport Zarain-Herzberg et al., 1996; Wagner
.et al., 1998 may at least in part account for the contractile

dysfunction in the placebo group after infarction. This idea
is supported by the prolonged TPF and the delay especially
of the early relaxation, which may also indicate an im-
paired Ca2q removal in the placebo group with small
infarction. In the etomoxir-treated group with small infarc-
tion, isometric twitch characteristics and negative fre-
quency inotropism suggest that the hypertrophic response
to etomoxir was associated with preserved function of the
myofilaments and undisturbed Ca2q homeostasis. These
findings are consistent with the stimulatory effect of eto-
moxir on the expression of the AfastB V myosin isoform1

2q Žand the sarcoplasmic reticulum Ca ATPase Rupp et al.,
.1992; Vetter and Rupp, 1994 .

At large infarctions in the placebo group, the strongest
decrease in the AV -equivalentB is possibly due to upreg-max

ulation of the AslowB V myosin isoform in the surviving3
Ž .hypertrophied rat myocardium Mercadier et al., 1981 .

This interpretation is supported by the negative correlation
between AV -equivalentsB and the cross sectional area ofmax

the papillary muscles in the placebo group.
Taken together, the beneficial effects of etomoxir on the

contractility of the surviving myocardium after infarction
may be attributed to its combined action on cardiac growth
and contractile function. Particularly at small infarct size,
normal contraction and relaxation are almost completely
restored by a relatively small dose of etomoxir. In conclu-

sion, etomoxir could be of potential therapeutic value in
the treatment and prevention of contractile dysfunction
after MI.
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