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Beneficial Effect of Glucose on Short-Term, Perfusion-Pressure
Induced Changes of Contractile Efficiency in Isolated Rabbit Hearts

M. Krenz, J. D. Schipke

Objective: As adaptation to decreased coronary perfusion, both mechanical function and oxygen consumption are
reduced in short-term hibernating myocardium. Changes in the energy supply-demand balance are reflected by changes in
contractile efficiency (Econ; = relation between oxygen consumption and the pressure volume area; PVA). We investigated
the influence of supplementation with free fatty acids (FFA) alone versus a combination of FFA with glucose on E.o, in
moderately or severely hypoperfused myocardium. Methods: 30 isolated rabbit hearts were perfused with buffer contain-
ing either 1.4 mM FFA (group FA) or 1.4 mM FFA plus 11 mM glucose (group FAG). During control, the coronary arterial
pressure (CAP) was 90 mmHg. CAP was reduced either to 60 mmHg (n = 19, HYP60) or to 30 mmHg (n = 11, HYP30).
Results: Myocardial systolic function (aortic flow, peak left ventricular pressure, slope of the end-systolic pressure volume
relation, and PVA) did not show any dependency on the substrate composition during control, HYP60, HYP30, and
reperfusion. In group FA, hypoperfusion did not significantly affect the slope of the MVO»-PVA relation compared with
control: 40.1 = 15.2vs. 37.6 = 12.3 (HYP60) and 29.8 = 9.2 vs. 30.3 = 10.4 ul/beat/(mmHg-ml) 10-* (HYP30). In group FAG,
the slope decreased during HYP60 (26.3 = 3.0 vs. 16.5 = 1.9, *p < 0.05) and during HYP30 (21.8 = 8.5 vs. 20.5 *+ 4.5 ul/beat/
(mmHg ml) X 104 n.s.). Conclusion: Additional supply with glucose in comparison to FFA alone increases E,, during
moderate hypoperfusion. Since E.on was not significantly changed during severe hypoperfusion, when no autoprotection is
possible, this might reflect autoprotective changes in metabolic pathways facilitated by glucose. The change in E o, might
be explained by a beneficial effect of glucose on supply-demand balance, e.g. lower energy cost of carbohydrate oxidation
in comparison to FFA oxidation and diminished deleterious effects of FFA oxidation on the myocardium. J Clin Basic Cardiol
2000; 3: 135-9.
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yocardial hibernation is defined as a stable, reversibly

impaired myocardial contractile function in adapta-
tion to restricted coronary flow [1-3]. The presence of vi-
able tissue [4] and the recovery of the intracellular content
of high-energy phosphates despite continued moderate
ischaemia [5-7] show that the energy demand is in equilib-
rium with the energy supply. Such a down-regulation of
mechanical function is interpreted as a self-protecting mecha-
nism to prolong the metabolic integrity of the ischaemic
myocardium [5, 7-10]. The underlying mechanism of myo-
cardial hibernation is still unclear.

Changes in energy balance during hypoperfusion can be
demonstrated by assessing the efficiency of chemo-me-
chanical coupling. This contractile efficiency can be de-
rived from the reciprocal of the slope of the relation be-
tween the oxygen consumption and the pressure-volume
area, a measure of the total mechanical work performed by
the ventricle [11].

Deleterious effects of high free fatty acid concentrations
on normo- or hypoperfused myocardium are well known
[12, 13] and are attributed to a higher oxygen demand for
free fatty acid metabolization [14, 15], or to decoupling ef-
fects of accumulating lysophosphoglycerides on oxidative
phosphorylation [16, 17]. Inhibition of fatty acid oxidation
and stimulation of glucose oxidation improves the function
in ischaemic myocardium [14, 18-20].

On the hypothesis that glucose might have a beneficial
effect not only on function but also on initiation and pres-
ervation of autoprotective mechanisms, we investigated con-
tractile efficiency during normoperfusion and hypoperfu-
sion as a reflection of supply-demand balance in isolated
rabbit hearts supplied with free fatty acids alone or in com-
bination with glucose.

Materials and methods

Surgical preparation and experimental set up
Experiments were performed on 30 male New Zealand
White rabbits (2.7 + 0.4 kg body weight, age 4 to 5 months).
All procedures for animal care and experimentation fol-
lowed the German laws for animal protection that conform
with the “European Convention for the Protection of Verte-
brate Animals used for Experimental and other Scientific
Purposes” (Council of Europe No 123, Strasbourg 1985).
The animals were anaesthetized with ketamine (30 mg/kg
body weight) and rompun (0.1 ml/kg body weight), trache-
otomized, relaxed (1 mg pancuronium), and ventilated with
room air enriched with oxygen. Respiration frequency was
adjusted to 35/min and the tidal volume to 25-30 ml. After
midsternal thoracotomy and anticoagulation with 1300 L.U.
heparin, the aorta was cannulated and connected to a modi-
fied Langendorft apparatus. During preparation, a coronary
arterial pressure (Statham, ID 123) of 80 mmHg was main-
tained, and the temperature of the perfusate was held con-
stant at 38 °C throughout the experiment. After ligation of
the Vv. cavae, a latex balloon (Hugo Sachs, #12) attached to
the “systemic circuit” was inserted into the left ventricle via
the mitral valve. The systemic circuit consisted of a reser-
voir filled with water at variable levels to alter preload, “mitral”
and “aortic” valves connected to the latex balloon, a wind-
kessel, and a vertical column with a flow probe (Transonic
Systems; T200) to record “aortic” flow.

To assess preloading conditions, left ventricular diam-
eter was measured using two ultrasonic crystals glued to
either side of the latex balloon. The pulmonary artery was
cannulated to collect the perfusate for recirculation and to
measure coronary flow (Transonic Systems, T200), venous
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pO2 (oxygen probe, Eschweiler & Co), and lactate concen-
tration (L-Lactic Acid UV-Test, Bochringer Mannheim).
To record left ventricular pressure and its first derivative
dP/dt, a 3F microtip catheter (Millar; TC 5000) was intro-
duced into the latex balloon. Since there were only slight
differences in heart rate throughout the experiments and
since calculation of the pressure-volume area is indepen-
dent of heart rate, no pacing system was used.

Perfusion media

The perfusate, a modified Krebs-Henseleit buffer, con-
tained either 1.4 mM free fatty acids (FFA) bound to albu-
min at a concentration of 40 g/l (group FA, n = 14) or 1.4
mM FFA plus 11 mM glucose (group FAG, n = 16). The
mixture of FFA consisted of 28 % palmitic acid, 27 % oleic
acid, 20 % stearic acid, 16 % linoleic acid, and 9 % palmito-
leinic acid (assessed by gas chromatography). The coronary
arterial pOz between 590 and 620 mmHg was achieved by
using a baby oxygenator (dideco, D701).

Experimental protocol

After the end of preparation and instrumentation, a stabi-
lisation period of 20 min was allowed during which the
CAP was adjusted to 90 mmHg in all experiments. Then,
control values were recorded. For hypoperfusion, the per-
fusion pressure was reduced in group FA (perfusion with
FFA) to 60 mmHg in 9 and to 30 mmHg in 5 hearts and in
group FAG (perfusion with FFA plus glucose) to 60 mmHg
in 10 and to 30 mmHg in 6 hearts. To assess ventricular
function at the different perfusion pressures, preload was
changed every 3 min in 5-7 steps (within the range of 2-15
mmHg left ventricular end-diastolic pressure) and the func-
tional parameters recorded in ejecting and in isovolumic
mode. Except for the aortic flow, variables are presented
only for steady state isovolumic contractions. Hypoper-
fusion lasted 20 min. The variation of preload and mode of
contraction was repeated after 20 min of reperfusion at a
perfusion pressure of 90 mmHg; this phase also lasted 20
min. At the end of the experiment, the tissue was weighed
and then dried at 80 °C for 24 h to assess the dry/wet-weight
ratio.

Table 1. Group FA: buffer containing 1.4 mM FFA. Effect of perfusion pressure on aortic flow
(AoF), maximum left ventricular pressure (LVPmax), pressure-volume area (PVA), slope of the
end-systolic pressure-volume relation (ESPVR), dP/dtmax, early relaxation (dP/dtmin), and heart
rate (HR) in group FA and in group FAG during isovolumic contractions. Values are means =

SEM (* p < 0.05 vs. control).

Data acquisition and statistics

Data were registered using an eight channel forced ink re-
corder (Gould, 481) and simultaneously stored on magnetic
disc for later processing with a custom-made computer pro-
gram (EASYDAT [21]). The same program was used to com-
pute the end-systolic pressure-volume relation (ESPVR)
and its y-axis intercept Vo by extrapolation and to calculate
the pressure-volume area (PVA).

Statistical calculations were performed using a commer-
cially available statistical program (SYSTAT [22]). The data
were tested using a one-way analysis of variance (ANOVA).
A post-hoc test (Bonferroni) was used in cases when multi-
ple comparisons were made. Comparisons were made be-
tween parameters of control, hypo- and reperfusion within
cach group with the same severity of hypoperfusion and
substrate composition. The threshold of statistical signifi-
cance was defined at p < 0.05. Results are presented as means
+ SEM.

Results

Because we did not detect significant differences between
the isovolumic and the ejecting contractions, we present val-
ues for the isovolumic contractions, where applicable.

Myocardial contractile function

The hypoperfused myocardium showed a substantial de-
crease 1n systolic mechanical function in both groups within
the first five minutes of reduced perfusion pressure.
Throughout the following 15 min of hypoperfusion, func-
tion remained stable on the decreased level, therefore al-
lowing measurement of the different functional parameters
on varying pre- and afterload conditions needed to assess
the pressure-volume area.

In the hearts perfused with the buffer containing FFA
(group FA), the impairment in systolic function was slightly
more pronounced than in the hearts perfused with buffer
containing FFA plus glucose (group FAG) and depended on
the severity of hypoperfusion: aortic flow (AoF) was about
60 % lower during hypoperfusion with a coronary arterial
pressure (CAP) of 60 mmHg and about 70 % lower at a CAP
of 30 mmHg compared with con-
trol values of each group. During
reperfusion, AoF recovered to only
45 % of control (statistically signifi-
cant after severe hypoperfusion).
Left ventricular peak pressure fell
to 80 % (CAP = 60 mmHg) and to

Moderate Severe . 75 % (CAP = 30 mmHg) of control
Control hypoperfusion hypoperfusion Reperfusion and di(d not recover. In t%)e subgroup
undergoing hypoperfusion with a
AoF 36.9 + 3.9 14.0 = 2.9% 16.9 = 3.5 CAP of 30 mmHg, heart rate was
[ml/min] 64.8 = 7.8 18.8 = 6.1* 28.2 + 6.3% slightly lower than in the other sub-
LVPoay 88 + 2 71+ 3% 70 +« 4% group, but in no case were signifi-
[mmHg] 107 « 4 80 + 84 + 7* cant changes. within the time course
BVA 638 = 87 483 + 65 430 = 73 of the experiment n(;ltedd(Tab. 1)..
[mmHg x ml] 1292 = 146 995 + 150 1028 + 41 AOIFHQES(EEPL\I;?E;;V;S :;le;ls;ﬁs
ESPVR 100 = 29 89 = 23 100 = 22 significant, but independent of the
[ml/mmHg] 91 = 15 75 * 44 = 13 severity of hypoperfusion. Since
dP/dtmax 1289 + 61 945 + 44 heart rate changed only slightly (as
[mmHg/s] 1502 = 92 1064 =+ in group FA) the decrease of AoF to
dP/dtuin 1119 + 39 804 + 50* 25 % was mainly due to the reduc-
[mmHg/s] 1297 + 90 979 + 102 .tIOIl m StI‘Ok(.? volume (Tab 2) Dur-
R 187+ 8 183+ 8 183« 13 ing reperfusion, A(())F dropped even
(/min] 160 = 13 157 + 166 = 5 turther to only 15 % of control after

moderate hypoperfusion and recov-
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ered after severe hypoperfusion only to approximately 50 %
of control.

The pressure-volume area (PVA) was decreased during
moderate and severe hypoperfusion in both groups (Tab. 1
and 2). The slope of the end-systolic pressure-volume rela-
tion decreased during moderate and severe hypoperfusion
in both groups and thus, similarly indicated decreased
systolic function. Owing to the relatively large scatter, these
differences did not reach statistical significance. Likewise,
the decrease in PVA in the slope was not statistically signifi-
cant, and in none of the groups, was a significant recovery
during reperfusion observed.

The decreases in contractility (assessed in terms of dP/
dtmax) caused by hypoperfusion were significantly influ-
enced by the substrate composition. In group FA (Tab. 1 and
2), adecrease in CAP to 60 and to 30 mmHg caused a signifi-
cant reduction in dP/dtmax. In group FAG (Tab. 1 and 2),
the reduction in dP/dtmax was more pronounced at a CAP
of 30 mmHg than at 60 mmHg, but neither difference was
statistically significant. Again, no recovery of these param-
eters could be noted. Early diastolic relaxation, reflected in
dP/dtmin (Tab. 1 and 2), was significantly impaired during
moderate hypoperfusion in both groups, but during severe
hypoperfusion only in group FAG,
not in group FA. dP/dtmin was de-
creased during reperfusion in com-
parison to control (statistically sig-
nificant in group FA, but not in
group FAG). The slope of the end-

MVO;-PVA relation and contractile efficiency

The myocardial oxygen consumption for the unloaded con-
traction (=MVOs-axis intercept of the MVO3-PVA rela-
tion; MVOy,1) was slightly decreased in both groups dur-
ing hypoperfusion compared with control (Tab. 3). This
decrease was statistically significant during severe hypo-
perfusion and ¢jecting conditions. The changes in the slope
of the MVO»-PVA relation, the reciprocal of contractile ef-
ficiency, were affected both by the severity of hypoperfusion
and by the substrate composition (Tab. 3). In group FA, the
slope did not change during moderate (CAP = 60 mmHg)
nor during severe (CAP = 30 mmHg) hypoperfusion. In
contrast, group FAG showed a significant decrease in the
slope of the MVO,-PVA relation during moderate hypo-
perfusion, but not during severe hypoperfusion, ie, the con-
tractile efficiency increased only during moderate
hypoperfusion and during supply with free fatty acids plus
glucose.

The MVO»-PVA relation exhibited no significant differ-
ences for control and reperfusion. Although there was a ten-
dency towards lower values in group FA after severe
hypoperfusion, the MVO;-axis intercept MVOayy did not
change compared with control (Tab. 3). The slope of the

Table 2. Group FAG (buffer containing 1.4 mM FFA plus 11 mM glucose). Effect of perfusion
pressure on aortic flow (AoF), maximum left ventricular pressure (LVPmax), pressure-volume
area (PVA), slope of the end-systolic pressure-volume relation (ESPVR), dP/dtmax, early
relaxation (dP/dtmin), and heart rate (HR) during isovolumic contractions. Values are means =
SEM (*p < 0.05 vs. control).

systolic pressure-volume relation

Moderate Severe

(ESPVR) decreased only slightly Control hypoperfusion hypoperfusion Reperfusion

during hypoperfusion with the ex-

ception of group FA. Here, ESPVR  AoF 41.7 + 3.6 116 = 2.3* 6.3 = 1.0*

further decreased during reper- [ml/min] 43.8 + 6.8 112+ 2.4* 22.0 + 5.9%

fusion following severe hypoper-  [VPax 87 + 3 64 + 3* 65 + 5*

fusion without being significantly [mmHg] 89 + 4 66 = 5* 69 = 4*

lower than control. PVA 498 + 55 397 + 43 432 = 61
[mMmHg x ml] 582 + 53 449 + 40 455 + 45

Oxygen consumption (MVO;) — ggpyp 123 = 11 92 + 15 96 = 11

Since data for both isovolumic and  [m/mmHg] 103 = 15 80 + 11 104 = 17

ejecting conditions did not differ, 4P/t 1157 « 38 869 + 48

only the values for isovolumic con- [mmHmS/Xs] 1953 « 72 - 900 + 54

tractions are given in the following ‘ . 267 + 34+

text. In group FA, MVO; decreased ([jrﬁﬁltimg‘;r}s] l?gg N 42 - 811 + 48*

at a CAP of 60 mmHg non-signifi- HR 184 : 6 160 - 7 B 1~ 10

o) = = -
cantly by 25 % from 26.2 * 2.4 to (/min] 198 £ 17 182+ 17 172 = 19

19.6 = 1.6 and recovered to 22.6 =

2.0 ulO»/100 g/beat in reperfusion.
If CAP was more severely decreased
to 30 mmHg, the decrease in MVO;
was more pronounced, but still not

Table 3. Effect of perfusion pressure on the y-axis intercept (MVOounl) of the MVO»-PVA relation
and on the slope of the MVO2-PVA relation in group FA and in group FAG during isovolumic
contractions. Values are means = SEM; *p < 0.05 vs. control

statistically significant (p = 0.06):
MVO; decreased by 36 % from 32.9

Control

Moderate Severe

hypoperfusion hypoperfusion Reperfusion

+ 2.5t021.2 = 2.9 and recovered to
24.5 = 3.8 ulO2/100 g/beat.

Group FA: Buffer containing 1.4 mM FFA

Moderate  hypoperfusion in  MVOgyp 182 + 2.8 14.4 + 2.6 14.6 = 3.1
group FAG resulted in a non-sig- WO/ 100g/beat] 204 = 1.6 13.8 = 6.0 120 + 4.4
nificant decrease in MVOz: from  gjope 59 + 12 31 + 8
29.9 = 1.8t024.0 = 1.9and decreased  [ulOo/beat/ 34 + 8 32 =10
further t0 22.0 = 1.7 ulO»/100 g/beat  +(mmHg*ml)*10-4]

n reperfu51on. The reduction of Group FAG: Buffer containing 1.4 mM FFA plus 11 mM glucose

MVO; in response to severe WVO 198 - 75 1o 131 51
hypoperfusion (CAP = 30 mmHg) 2uni S = 1 SR =3

was statistically significant: MVO, [wIO2/ 100g/beat] 201 = 1.5 160 = 1.7 180 =08
fell from 28.8 = 1t022.3 = 1.5and  Slope 36 + 3 19 + 2%

recovered to 25.5 = 2.6 ulOx/100 g/ [1lO2/beat/ 28 + 12 25 =7

beat in reperfusion.

(mmHg*ml)*10-4]
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MVO,-PVA relation also showed no differences compared
with control in both groups and did not depend on the
severity of the preceding hypoperfusion (Tab. 3).

Lactate production

In group FA, no significant production of lactate was noted.
In group FAG, in 6 out of 9 hearts, lactic acid was found in
the coronary venous effluate. During control, production
of lactic acid was 0.05 = 0.02 mmol/100 g/min. The produc-
tion was increased both during moderate hypoperfusion
(0.17 = 0.04 pmol/100 g/min) and during severe hypoperfu-
sion (0.11 = 0.03 umol/100 g/min).

Discussion

The major finding of this study is that both substrate com-
position and severity of hypoperfusion significantly influ-
ence contractile efficiency. If the myocardium was supplied
with glucose in addition to free fatty acids, contractile effi-
ciency during moderate, but not during severe hypoper-
fusion, increased. Without glucose, no significant changes
in contractile efficiency were observed.

In one group (hearts supplied only with free fatty acids
and submitted to severe hypoperfusion) mechanical func-
tion during control was better compared with the other
groups. This might be explained by interindividual bio-
logical variability. The decrease in contractile function in
this group was more pronounced than in the other groups,
showing that these conditions were the least favourable for
sustaining systolic and diastolic function. However, con-
tractile efficiency during control did not differ significantly
between the groups, so it secems safe to compare the data
concerning the MVO,-PVA relation.

Our data demonstrate that, as also shown by others [3],
energetically favourable changes in supply-demand equi-
librium can only take place within narrow limits and are
easily disturbed [3]. Similarly, clear-cut minimum levels of
regional perfusion were described (0.18 ml/min/g subendo-
cardially) in porcine hearts to allow short-term hiberna-
tion [23]. To understand the underlying mechanism of myo-
cardial hibernation, the relation between myocardial oxy-
gen consumption (MVOy) and the pressure-volume area
(PVA) could be useful. It permits partitioning of the MVO;
in one proportion that is associated with ventricular work
and another that is non-work related [11]. Changes in basal
metabolism and/or in excitation-contraction coupling would
affect the MVOs-axis intercept of the linear MVO»-PVA
relation, ie, the MVO for the unloaded contraction. In con-
trast to our results (changing substrate composition from
exclusively FFA to FFA plus glucose), the graph was shifted
downward in a parallel fashion when changing the meta-
bolic substrate from hexanoate to glucose in another study
[24], but we used medium and long chain free fatty acids, so
these data are not directly comparable. In accordance with
our results, the linear MVO,-PVA relation in blood-
perfused canine hearts was shifted downward in parallel by
moderately reducing perfusion pressure [25].

Contractile efficiency can be assessed by employing the
PVA concept. It is defined as the energy conversion of the
MVO; used exclusively for mechanical contraction into PVA
[26]. Contractile efficiency is defined as the reciprocal of
the slope of the MVO;,-PVA relation. Therefore, changes
on the level of the contractile machinery would be reflected
by changes in contractile efficiency. Significant differences
in the slope of the MVO,-PVA relation, and hence in con-
tractile efficiency, were shown to depend on the mode of
contraction [24]. Afterload conditions allowing substantial

fibre shortening were energetically favourable. We also ob-
served a tendency towards a higher contractile efficiency in
ejecting contractions. These results support the hypothesis
that processes within the contractile apparatus play a major
role in myocardial hibernation.

In isolated rat hearts, the slope of the MVO,-PVA rela-
tion did not change with different coronary flows [24]. In
contrast, the slope was decreased during severe hypoper-
fusion (CAP = 30 mmHg) in canine hearts [25]. Such an
increase in contractile efficiency is in accordance with our
experiments showing an increase during moderate reduc-
tion in oxygen supply with a buffer containing both FFA
and glucose.

A concentration of 11 uM of glucose was chosen because
glucose uptake is saturated at this concentration and tissue
glycogen levels do not decline during normoperfusion [27].
The hearts were also supplied with free fatty acids in high
concentration (1.4 mM) to exclude effects of the kinetics of
the transmembrane transport [28].

Evidence that inhibiting lipid metabolism and stimulat-
ing glucose oxidation are beneficial for ischemic myocar-
dium [14, 19, 20, 27] has led to the hope of future therapeu-
tic employment. But which mechanism mediates the del-
cterious effects of free fatty acids during ischaemia still has
to be investigated. It can not be explained by the stoichio-
metric differences in oxygen demand for FFA and glucose
oxidation alone, but it has also been suggested that the intra-
cellular accumulation of membrane-derived lipids plays an
important role [29-31]. In addition, the uncoupling effect
of lipid derivatives with detergent-like effects on mem-
branes has to be discussed as well as a possible negative
inotropic effect of FFA on ischemic myocardium [32]. Our
data show a significant decrease in contractile state as re-
flected in dP/dtm. during hypoperfusion without glucose,
so FFA-induced changes in inotropic state have to be con-
sidered.

The recovery of myocardial function during reperfusion
was incomplete, as expected during reperfusion after hi-
bernation [1]. Recovery of function in reperfused myocar-
dium can be prolonged and can persist for days or weeks [2,
8]. The functional recovery of isolated, buffer-perfused rat
hearts during reperfusion is delayed compared with blood-
perfused hearts [33]. In that study, the nature of the per-
fusate did not appear to influence the severity of ischemic
injury, but did influence the systolic and diastolic recovery
during the first 15 min of reperfusion. We looked at the first
20 min of reperfusion, so a pronounced recovery of func-
tional parameters would have been surprising.

The impaired myocardial function during reperfusion
in this study using a Krebs-Henseleit buffer might in part
be owing to oedema formation. Consequently, we used al-
bumin, which should decrease the amount of oedema for-
mation and improve function during reperfusion. In com-
parison with earlier studies with the same experimental
model and protocol, however, no marked eftect of albumin
could be observed [34]. Since the oxygen consumption dur-
ing increased workload in saline-perfused isolated rabbit
hearts can be raised without any changes in concentration
of high-energy phosphates [34], saline perfusion can pro-
vide sufficient supply of metabolic substrates [35]. The con-
tractile dysfunction during reperfusion therefore can not
be explained by a supply-demand imbalance. Nevertheless,
contractile efficiency immediately decreased back to con-
trol suggesting a reversion of presumed metabolic changes
during short-term hibernation.

In summary, our data show that an increase in contractile
efficiency in short-term hibernating myocardium can only
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be observed in moderate, but not in severe hypoperfusion.
In addition, the myocardium has to be supplied with glu-
cose in addition to free fatty acids. Ejecting working condi-
tions seem to facilitate changes in contractile efficiency in
comparison to isovolumic conditions.

Short-term myocardial hibernation seems — at least in
part — to depend on the presence of the energetically fa-
vourable substrate glucose to establish a new, subtle energy
supply-demand balance. Although the data of this isolated
rabbit heart model can not be directly extended to the in
vivo situation, we hypothesise that improvement of con-
tractile efficiency during hypoperfusion might be part of
the underlying mechanism of myocardial hibernation.

Acknowledgement

The study was supported by a grant from the German Re-
search Foundation (DFG; SFB 242, Diisseldorf). We ap-
preciate the measurements of fatty acid composition of albu-
min by Prof. Reinauer from the Institute of Diabetes Re-
search. We are grateful to Drs. U. Schwanke and U. Sunder-
diek for their helpful suggestions and their support for this
study, Ms. Palomero-Gallagher for reading and correcting
the English language, and Mrs. Wieland for excellent secre-
tarial help.

References:

. Rahimtoola SH. A perspective on the three large multicenter randomized clinical

trials of coronary bypass surgery for chronic stable angina. Circulation 1985; 72

(Suppl V): V123-V135.

Heyndrickx GR, Millard RW, McRitchie R], Maroko PR, Vatner SE. Regional

myocardial functional and electrophysiological alterations after brief coronary artery

occlusion in conscious dogs. J Clin Invest 1975; 56: 978-85.

Rahimtoola SH. The hibernating myocardium. Am Heart] 1989; 117: 111-21.

Schaper J, Schaper W. Time course of myocardial necrosis. Cardiovasc Drugs Ther

1988;2: 17-25.

5. Arai AE, Pantely A, Anselone CG, Bristow J, Bristow JD. Active downregulation

of myocardial energy requirements during prolonged moderate ischemia in swine.

Circ Res 1991; 69: 1458-69 (Abstract).

Downing SE, Chen V. Acute hibernation and reperfusion of the ischemic heart.

Circulation 1992; 82: 699-707.

Pantely GA, Malone SA, Rhen WS, Anselone CG, Arai A, Bristow J, Bristow JD.

Regeneration of myocardial phosphocreatine in pigs despite continued moderate

ischemia. Circ Res 1990; 67: 1481-93.

8. Heusch G. Hibernation, Stunning, Ischemic Preconditioning — neue Paradigmen

der koronaren Herzkrankheit? Z Kardiol 1992; 81: 596-609.

Schipke JD. Down-Regulation und hibernierendes Myokard. Z Kardiol 1991; 80:

703-11.

10. Schulz R, Rose J, Martin C, Brodde OE, Heusch G. Development of short-term
myocardial hibernation. Circulation 1993; 88: 684-95.

. Suga H. Total mechanical energy of a ventricle model and cardiac oxygen con-
sumption. Am J Physiol 1979; 236: H498-H505.

12. Katz AM, Messineo FC. Lipid-membrane interactions and the pathogenesis of

ischemic damage in the myocardium. Circ Res 1981; 48: 1-16.

—_

o

e

=2}

~

Nel

—_
jany

13.

14.

15.

16.

17.

18.

19.

21.

=

24.

26.

31

=

32

35.

Liedtke AJ, Nellis S, Neely JR. Effects of excess free fatty acids on mechanical and
metabolic function in normal and ischemic myocardium in swine. Circ Res 1978;
43:652-61.

Hiitter JF, Schweickhardt C, Piper HM, Spieckermann PG. Inhibition of fatty
acid oxidation and decrease of oxygen consumption of working rat heart by 4-
bromocrotonic acid. ] Mol Cell Cardiol 1984; 16: 105-8.

Vik-Mo H, Mjos OD. Influence of free fatty acids on myocardial oxygen con-
sumption and ischemic injury. Am J Cardiol 1981;48: 361-5.

Corr PB, Gross RW, Sobel BE. Amphipatic metabolites and membrane dysfunc-
tion in ischemic myocardium. Circ Res 1984; 55: 135-54.

Fichn W, Hasselbach W. The effect of phospholipase A on the calcium transport
and the role of unsaturated fatty acids in AT Pase activity of sarcoplasmic vesicles.
Eur] Biochem 1970; 13: 510-8.

Liedtke AJ. Alterations of carbohydrate and lipid metabolism in the acutely ischemnic
heart. Prog Cardiovasc Dis 1981; 23 (5): 321-36.

Liedtke AJ, Nellis SH, Mjos OD. Effects of reducing fatty acid metabolism on
mechanical function in regionally ischemic hearts. Am J Physiol 1984; 247: H387—
H394.

Lopaschuk GD, Wall SR, Olley PM, Davies NJ. Etomoxir, a carnitine
palmitoyltransferase I inhibitor, protects hearts from fatty acid-induced ischemic
injury independent of changes in long chain acylcarnitine. Circ Res 1988; 63: 1036
4.

Brieden A, Schwanke U, Arnold G, Schipke JD. A computer program to acquire
and process data from the experimental laboratory. Eur ] Physiol 1997; 433 (Suppl.
6): P 410 (Abstract).

Wilkinson L. REGM: A multivariate general linear hypothesis program. Am Stat-
istician 1980; 34 (3): 182.

Schulz R, Guth BD, Pieper K, Martin C, Heusch G. Recruitment of an inotropic
reserve in moderately ischemic myocardium at the expense of metabolic recovery.
A model of short-term hibernation. Circ Res 1992; 70: 1282-95.

Burkhoff D, Weiss RG, Schulman SP, Kalil-Filho R, Wannenburg T, Gerstenblith
G. Influence of metabolic substrate on rat heart function and metabolism at dif-
ferent coronary flows. Am J Physiol 1991;261: 741-50.

Suga H, Goto Y, Yasamura Y, Nozawa T, Futaki S, Tanaka N, Uenishi M. Oy
consumption of dog heart under decreased coronary perfusion and propranolol.
Am ] Physiol 1988;254: 292-303.

Suga H, Hisano R, Goto'Y, Yamada O, Igarashi Y. Eftect of positive inotropic agents
on the relation between oxygen consumption and systolic pressure-volume area
in canine left ventricle. Circ Res 1983; 53: 306-18.

Broderick TL, Quinney A, Barker CC, Lopaschuk GD. Beneficial eftect of carni-
tine on mechanical recovery of rat hearts after a transient period of global ischemnia
is accompanied by a stimulation of glucose oxidation. Circulation 1993; 87: 972-81.
Stremmel W. Transmembrane transport of fatty acids in the heart. Mol Cell
Biochem 1989; 88: 23-9.

Opie LH. Myokardstoffwechsel bei Ischimie. In: Heusch G (Hrsg).
Pathophysiologie und rationale Pharmakotherapie der Myokardischimie.
Steinkopff, Darmstadt-New York, 1990; 39-62.

Prinzen FW, van der Vusse GJ, Arts T, Roemen THM, Coumans WA, Reneman
RS. Accumulation of nonesterified fatty acids in ischemic canine myocardium.
Am J Physiol 1984; 247: H264-H272.

van der Vusse GF, Roemen THM, Prinzen FW, Coumans WA, Reneman RS.
Uptake and tissue content of fatty acids in dog myocardium under normoxic and
ischemic conditions. Circ Res 1982; 50: 538—46.

Henderson AH, Most AS, Parmley WW, Gorlin R, Sonnenblick EH. Depression
of myocardial contractility in rats by free fatty acids during hypoxia. Circ Res 1970;
26:439-49.

Galinanes M, Bernocchi P, Argano V, Cargnoni A, Ferrari R, Hearse DJ. Dichotomy
in the post-ischemic metabolic and functional recovery profiles of isolated blood-
versus buffer-perfused hearts. ] Mol Cell Cardiol 1996; 28: 531-9.

Bergfeld I, Sunderdiek U, Krenz M, Schwanke U, Arnold G, Schipke JD. The
effect of different perfusion media on ventricular function of the isolated rabbit
heart. ] Mol Cell Cardiol 1993; 25 (Suppl I): 16 (Abstract).

Opie LH. Adequacy of oxygenation of isolated perfused rat heart. Basic Res Cardiol
1984;79: 300-6.



Mitteilungen aus der Redaktion

Besuchen Sie unsere
zeitschriftenubergreifende Datenbank

I Bilddatenbank VI Artikeldatenbank VI Fallberichte

e-Journal-Abo
Beziehen Sie die elektronischen Ausgaben dieser Zeitschrift hier.
Die Lieferung umfasst 4-5 Ausgaben pro Jahr zzgl. allfalliger Sonderhefte.
Unsere e-Journale stehen als PDF-Datei zur Verfiugung und sind auf den meisten der markt-
ublichen e-Book-Readern, Tablets sowie auf iPad funktionsfahig.

I Bestellung e-Journal-Abo

Haftungsausschluss

Die in unseren Webseiten publizierten Informationen richten sich ausschlieBlich an geprifte
und autorisierte medizinische Berufsgruppen und entbinden nicht von der arztlichen Sorg-
faltspflicht sowie von einer ausflhrlichen Patientenaufklarung tber therapeutische Optionen
und deren Wirkungen bzw. Nebenwirkungen. Die entsprechenden Angaben werden von den
Autoren mit der grof3ten Sorgfalt recherchiert und zusammengestellt. Die angegebenen Do-
sierungen sind im Einzelfall anhand der Fachinformationen zu Gberprifen. Weder die Autoren,
noch die tragenden Gesellschaften noch der Verlag Gbernehmen irgendwelche Haftungsan-
spruche.

Bitte beachten Sie auch diese Seiten:
Impressum Disclaimers & Copyright Datenschutzerklarung



http://www.kup.at/impressum/index.html
http://www.kup.at/impressum/disclaimer.html
http://www.kup.at/impressum/datenschutz.html
http://www.kup.at/cgi-bin/gratis-abo.pl
http://www.kup.at/db/abbildungen.html
http://www.kup.at/db/index.html
http://www.kup.at/db/index.html
http://www.kup.at/abo/index.html

