
Repetitive short periods of ischaemia increase the tol-
erance of the myocardium to a subsequent prolonged
ischaemic episode. This cardioprotective effect, which
was termed preconditioning, has been shown to occur
in various species [1–3] including humans [4, 5]. In the

early 1980s Reimer et al. [3] showed that ATP reple-
tion following a brief period of ischaemia occurred
very slowly, raising the possibility that repeated is-
chaemic periods may lead to cumulative myocardial
damage. Surprisingly, brief repeated episodes of is-
chaemia did not produce any additional ATP deple-
tion, indicating that the rate of ATP breakdown must
have been reduced during the extended ischaemic pe-
riods [6]. It is possible that a mechanism responsible
for slowing the rate of adenine nucleotide depletion
may persist and protect the myocardium during a pro-
longed ischaemic episode [7]. Several mechanisms
have been proposed to explain the beneficial effect of
preconditioning including reduced accumulation of
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Summary Effects of preconditioning and Ginkgo bi-
loba extract (EGb 761) were studied in isolated non-
diabetic and diabetic ischaemic and re-perfused rat
hearts. Hearts were randomly divided into five
groups in both the age-matched non-diabetic and the
8-week streptozotocin-induced diabetic groups:
Group I, hearts were subjected to 30 min of global is-
chaemia followed by 30 min of re-perfusion; Group
II, one cycle of preconditioning consisting of 5 min is-
chaemia and 10 min re-perfusion before the induc-
tion of 30 min of ischaemia and 30 min of re-perfu-
sion; Group III, two cycles of preconditioning; Group
IV, three cycles; and Group V, four cycles before the
onset of 30 min ischaemia followed by 30 min of re-
perfusion. Four cycles of ischaemic preconditioning
resulted in a reduction of arrhythmias in non-diabetic
rats. Thus, in non-diabetics, the incidence of ventricu-
lar fibrillation and tachycardia fell from 92% and
100% (no preconditioning) to 33% (p < 0.05) and
42% (p < 0.05), respectively. Four cycles of precondi-
tioning failed to reduce the incidence of re-perfusion

arrhythmias in diabetic subjects. Preconditioning re-
duced the formation of oxygen free radicals mea-
sured by electron spin resonance spectroscopy, but
the recovery of cardiac function was low in all non-di-
abetic and diabetic preconditioned groups. EGb 761
at 25 and 50 mg/kg improved cardiac function in
non-preconditioned and preconditioned non-diabetic
and diabetic hearts. During re-perfusion in the four-
cycle preconditioned non-diabetic and diabetic
groups, the amount of free radicals was reduced ap-
proximately by 50 and 70% using 25 and 50 mg/kg
of EGb 761, respectively. EGb 761 improved cardiac
function after ischaemia in both non-preconditioned
and preconditioned non-diabetic and diabetic rats.
Our data suggest that diabetes could abolish the pre-
condition-induced protection. [Diabetologia (1996)
39: 1255–1262]
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glycolytic metabolites [8]; stimulation of adenosine1
receptors [9]; release of prostanoids [10]; activation of
protein kinase C [11]; and a reduction in the rate of
ATP utilization in preconditioned hearts [8]. There is
a close correlation between myocardial ATP content
and the formation of oxygen free radicals [12]; thus, a
reduced free radical production may be responsible
for the protective effect of preconditioning after an
ischaemic/reperfusion period. The preconditioning
phenomenon has been extensively studied in hearts
obtained from intact (healthy) animals, but only a few
studies have been carried out on diabetic hearts [13].
Therefore, we studied whether the preconditioning
phenomenon exists in such hearts. The incidence of
re-perfusion-induced ventricular fibrillation, (VF),
ventricular tachycardia (VT), free radical formation,
and cardiac function in isolated hearts from rats with
streptozotocin-induced diabetes were recorded. Fur-
thermore, the present study compared the protective
efficacy of Ginkgo biloba (EGb 761), a free radical
scavenger, and preconditioning in diabetic hearts, and
also determined whether the effect might be additive.

Although preconditioning may improve cardiac
function during re-perfusion [14, 15], some studies
have shown that preconditioning did not increase
the recovery of heart function during ischaemia/re-
perfusion [16–18]. In the present study, we used a nat-
ural free radical scavenger, extract of Ginkgo biloba
(EGb 761, IPSEN, France), to study the recovery of
post-ischaemic cardiac function in ischaemic precon-
ditioned diabetic and non-diabetic hearts. EGb 761
is produced from the leaves of the ginkgo tree. After
numerous steps of extraction, separation and concen-
tration, the final product is a standardized prescrip-
tion drug containing 6% ginkgolides and bilobalide,
and 24% flavonoid Reverosides. We also use electron
spin resonance (ESR) spectroscopy to study the ef-
fect of preconditioning on free radical formation, be-
cause to our knowledge this has not been directly
measured previously.

Materials and methods

Male Sprague-Dawley rats (280–360 g body weight) were used.
Animals were anaesthetized with pentobarbital (i. p.), and hep-
arin (500 IU/kg) was injected i. v. After 20 s of heparin injection,
hearts were excised and placed in perfusion buffer: modified
Krebs-Henseleit bicarbonate buffer (in mmol/l: 118 NaCl, 5.8
KCl, 1.8 CaCl2, 25 NaHCO3, 0.36 NaH2PO4, 1.2 MgSO4 and 5.0
glucose). The isolated working rat heart model was used which
has been described in detail elsewhere [19]. The aorta was can-
nulated and Langendorff perfusion (100 cm of water, 10 kPa)
initiated. During the perfusion the pulmonary vein was cannu-
lated for conversion of the preparation to the working heart
mode which was achieved by stopping the Langendorff perfu-
sion and starting left atrial perfusion (at a filling pressure of
17 cm of the buffer, 1.7 kPa). Under these conditions the perfu-
sate was ejected spontaneously at a rate of 45–65 ml/min (mea-
sured by a calibrated flow meter) through the aortic cannula

against a hydrostatic pressure of 100 cm of the perfusion buffer.
Reduced concentrations of NaH2PO4 and glucose in the buffer
were necessary because these components may disturb the
ESR [20]. Coronary effluent from the heart could either be col-
lected and measured or re-circulated. Global ischaemia was im-
posed by clamping the atrial and aortic cannulas.

All animals were cared for in accordance with the “Princi-
ples of Laboratory Animal Care” formulated by the National
Society for Medical Research and the “Guide for the Care
and Use of Laboratory Animals” prepared by the National
Academy of Sciences and published by the National Institute
of Health (NIH Publication No. 85–23, revised 1985).

Induction of ischaemia and re-perfusion. After aerobic perfu-
sion of the heart, both the aortic outflow and pulmonary inflow
lines were clamped at a point close to the origin of the aortic
and pulmonary cannulas; thus, global ischaemia could be main-
tained for any desired period by clamping the inflow line. Re-
perfusion could be initiated by unclamping.

Induction of diabetes. Diabetes was induced by an i. v. injection
of streptozotocin (55 mg/kg) dissolved in 0.1 mol/l citrate buf-
fer (pH 4.5). Non-diabetic age-matched control animals were
injected with an equivalent volume of the vehicle (citrate buf-
fer) only. All rats were allowed to drink a 10 % glucose solu-
tion for the first 24 h after the injection of streptozotocin. Dia-
betes was confirmed by the presence of hyperglycaemia, and
insulin levels were measured as described by Vadlamudi and
McNeill [21]. In some animals (approximately 12 %), despite
the streptozotocin injection, diabetes did not develop. These
hearts were excluded from the study and were immediately re-
placed.

ESR spin-trapping studies. Spin-trapping studies, as we de-
scribed elsewhere [22–24], were carried out by infusing the
spin trap, 5,5-dimethyl-pyrroline-N-oxide (DMPO), through a
side arm located just proximal to the end of the heart perfusion
cannula. DMPO solution was covered with aluminium foil to
prevent light-induced degradation. During re-perfusion in the
non-diabetic, diabetic, non-preconditioned, preconditioned,
and EGb 761-treated groups, DMPO was directly infused into
the heart at a rate of 1 ml/min of 100 mmol/l stock solution.
This resulted in a final DMPO concentration of 10 mmol/l be-
cause coronary flow was approximately 10 ml/min (9.5–
11.5 ml/min) during Langendorff re-perfusion. This concentra-
tion of DMPO did not affect the myocardial contractility and
the incidence of arrhythmias [25]. To prevent spin adduct de-
cay, the effluent was immediately frozen as it flowed from the
heart with an effluent sampling time of 30 s. The ESR spectra
were recorded in a flat quartz cell with a JEOL (JEOL, Tokyo,
Japan) JES-PE-1X spectrometer operating at X band (9.3
MHz) with a 100-kHz modulation frequency. The microwave
power was maintained at 10 mW to avoid saturation. The scans
were traced with 0.2 milli-Tesla of modulation amplitude with
2 min of scan time and with 300 ms of response time. Hyper-
fine coupling constants were measured directly from the field
scan using Mn2 + as a marker for calibration.

Recorded indices. An epicardial ECG was recorded by a poly-
graph throughout the experimental period with two silver elec-
trodes attached directly to the heart. The ECGs were observed
for VF and VT. The heart was considered to be in VF if an ir-
regular undulating baseline was present on the ECG. VT was
defined as five or more consecutive premature ventricular
complexes, and this classification included repetitive mono-
morphic VT, which is difficult to dissociate from rapid VT.
The heart was considered to be in sinus rhythm if normal sinus
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complexes occurring regularly were present on the ECG.
Fibrillating hearts were defribrillated after 3 min of fibrillation
by a defibrillator using two electrodes and 15-V square-wave
pulse of 1 ms duration. Heart rate (HR), coronary flow (CF),
aortic flow (AF), left ventricular pressure (LVP), and first de-
rivative of LVP (LVdp/dt) were recorded.

Experimental time course. We performed these studies to as-
sess whether one or more episode(s) of 5 min of normothermic
global ischaemia followed by 10 min of re-perfusion were suffi-
cient to protect the heart from sustained ischaemia followed by
re-perfusion, and to estimate the therapeutic value of EGb 761
improving myocardial function in diabetic and non-diabetic
preconditioned hearts. Before the isolation of hearts, rats
were treated orally with 25 or 50 mg ⋅ kg–1 ⋅ day–1 of EGb 761
for 10 days because this treatment resulted in an effective
drug (ginkgoflavon) concentration in the blood [26, 27]. Thus,
after 10 days the plasma flavonoid concentrations were
5 × 103 and 6.6 × 103 mmol/l, respectively. Age-matched con-
trol rats received a daily dose of saline solution (0.9% NaCl)
for 10 days. Hearts were excised and perfused with a drug-
free buffer according to the Langendorff method for a 5-min
washout period. During the washout period the pulmonary
vein was cannulated as described. The studies had two objec-
tives: the first whether the preconditioning (drug-free studies)
could reduce the incidence of re-perfusion-induced arrhyth-
mias and improve myocardial function in hearts obtained
from diabetic rats, as well as in non-diabetic rats. To achieve
this, we used five groups (n = 12 in each group) of non-diabetic
and diabetic hearts, respectively: (I) hearts were perfused aer-
obically and subjected to 30 min ischaemia followed by
30 min of re-perfusion, (II) one cycle of preconditioning con-
sisting of 5-min global ischaemia and 10-min re-perfusion be-
fore inducing 30 min of ischaemia and 30 min of re-perfusion,
(III) two cycles of preconditioning, (IV) three cycles, and (V)
four cycles before the onset of 30 min ischaemia followed by
30 min of re-perfusion. Pre-ischaemic heart function values
were registered before the induction of preconditioning in
both non-diabetic and diabetic hearts.

The second objective was to study whether EGb 761, an or-
ally administered free radical scavenger, can attenuate the in-
cidence of arrhythmias, and formation of oxygen free radicals,
and improve myocardial function in non-diabetic and diabetic
preconditioned hearts. The effect of EGb 761 at different dos-
ages (25 or 50 mg ⋅ kg–1 ⋅ day–1) was tested in hearts subjected
to four cycles of preconditioning before the onset of 30-min is-
chaemia followed by 30 min of re-perfusion. Samples were ta-
ken at min 3 of re-perfusion (after 30 min of global ischaemia)
to measure oxygen free radicals from the effluents of non-dia-
betic and diabetic hearts. This sampling time was selected ac-
cording to our previous studies [22, 23].

Statistical analysis

HR, CF, AF, LVP, LVdp/dt, and oxygen free radicals were ex-
pressed as mean value ± SEM. A two-way analysis of variance
was first carried out to test for any differences in mean values
between groups. If differences were established, the values of
the drug-treated groups were compared with those of the
drug-free preconditioned non-diabetic and diabetic groups by
Dunnett’s test. An analogous procedure was followed for dis-
tribution of discrete variables, such as the incidence of VF and
VT. An overall chi-square test for the 2 × n table was con-
structed, followed by a sequence of the 2 × 2 chi-square test to
compare individual groups.

Results

Arrhythmias. The effect of preconditioning on the in-
cidence of re-perfusion-induced VF is shown in Fig-
ure 1. Increasing numbers of preconditioning cycles
led to a reduced incidence of VF (Fig. 1A) in non-dia-
betic hearts, but only four cycles of ischaemia-in-
duced preconditioning resulted in a substantial and
significant reduction in the incidence of such arrhyth-
mias. Thus, the incidence of VF (irreversible plus re-
versible) fell from 92% in control non-diabetic hearts
(no preconditioning) to 33% (p < 0.05) by four cycles
of preconditioning. In hearts from 8-weeks-diabetic
rats subjected to the preconditioning and ischaemia/
re-perfusion protocol, no such reduction was ob-
served (Fig. 1B) indicating that the preconditioning
phenomenon may not occur in diabetic hearts. The
incidence of re-perfusion-induced VT followed the
same pattern in both non-diabetic and diabetic rats
(Fig. 2). These results clearly show that different num-
bers of precondition cycles, under our experimental
conditions, do not reduce the incidence of arrhyth-
mias in diabetic hearts.

In non-preconditioned hearts EGb 761 signifi-
cantly reduced the incidence of re-perfusion-induced
VF in both non-diabetic and diabetic rats (Fig. 3).
The drug did not substantially reduce the incidence
of VF in non-diabetic preconditioned hearts in com-
parison with the non-diabetic non-preconditioned
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Fig. 1 A, B. Cycles of preconditioning on the incidence (%) of
ventricular fibrillation (VF) during a subsequent sustained 30-
min ischaemic period followed by re-perfusion in non-diabetic
(A) and 8-week-diabetic (B) hearts. No preconditioning
(none), one cycle (1), two cycles (2), three cycles (3), four cy-
cles (4). n = 12 in each group. Incidence of arrhythmias indi-
cates the percentage of 12 hearts showing VF and VT during
re-perfusion. *p < 0.05 compared to no preconditioning



drug-treated groups (Fig. 3A). In the 8-week-diabetic
groups, four cycles of precondition alone failed to re-
duce the incidence of VF, but 25 and 50 mg/kg EGb
761 substantially reduced the incidence of such ar-
rhythmias (Fig. 3B). Thus, the incidence of VF
(Fig. 3B) was significantly reduced (p < 0.05) from
the 8-week-diabetic drug-free value (four-cycle pre-
condition) of 92% to 41% and 17% with 25 and
50 mg/kg of EGb 761, respectively. With 50 mg/kg
EGb 761, the incidence of re-perfusion-induced VT
(Fig. 4) was reduced in both non-preconditioned
non-diabetic and diabetic hearts, but no such reduc-
tion in diabetic preconditioned hearts treated with
EGb 761 (Fig. 4B) in comparison with the diabetic
non-preconditioned drug-treated value was ob-
served. The incidence of VTwas significantly reduced
with the doses of 25 and 50 mg/kg of EGb 761
from their diabetic drug-free preconditioned value
of 100% (Fig. 4B) to 50 % (p < 0.05) and 33%
(p < 0.05), respectively. The protection afforded by
EGb 761 against the incidence of arrhythmias was un-
related to the plasma glucose levels, since there was
no significant change between plasma glucose mea-
sured in diabetic drug-free and diabetic drug-treated
groups (Table 1). In the 8-week-diabetic group, se-
rum insulin was reduced from its control age-mat-
ched non-diabetic value of 354 ± 32 to 149 ± 18
pmol/l (p < 0.05). This approximate 60% reduction
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Fig. 2 A, B. Cycles of preconditioning on the incidence (%) of
ventricular tachycardia (VT) during a subsequent sustained
30-min ischaemia followed by re-perfusion in non-diabetic
(A) and 8-week-diabetic (B) hearts. No preconditioning
(none), one cycle (1), two cycles (2), three cycles (3), four cy-
cles (4). n = 12 in each group. Incidence of arrhythmias indi-
cates the percentage of 12 hearts showing VF or VT during
re-perfusion. *p < 0.05 compared to no preconditioning

Fig. 3 A, B. Effect of EGb 761 on incidence (%) of re-perfu-
sion-induced ventricular fibrillation (VF) in non-precondi-
tioned and four-cycle (4 × precondition) preconditioned is-
chaemic/re-perfused non-diabetic (A) and 8-week-diabetic
(B) hearts; n = 12 in each group. Incidence of VF shows in
how many of 12 hearts VF occurred during re-perfusion. Com-
parisons were made to the control (EGb 761-free) non-dia-
betic non-preconditioned (A) and diabetic non-precondi-
tioned (B) groups, respectively (*p < 0.05)

Fig. 4 A, B. Effect of EGb 761 on incidence (%) of re-perfu-
sion-induced ventricular tachycardia (VT) in non-precondi-
tioned and four-cycle (4 × precondition) preconditioned is-
chaemic/re-perfused non-diabetic (A) and 8-week-diabetic
(B) hearts; n = 12 each group. Incidence of VT shows in how
many of 12 hearts VT occurred during re-perfusion. Compari-
sons were made to the control (EGb 761-free) non-diabetic
non-preconditioned (A) and diabetic non-preconditioned
drug-free (B) groups, respectively (* p < 0.05)



was the same in all EGb 761-treated animals, and the
drug failed to increase serum insulin levels in diabetic
rats.

ESR studies. We previously reported [22, 23] that af-
ter 1 min of re-perfusion oxygen free radical forma-
tion was observed, consisting of 1:2:2:1 signal quar-
tet. On examination of the time course for the ap-
pearance of the DMPO-OH signal, maximum signal
intensity was observed at 3 min of re-perfusion,
therefore this time point was selected to measure
oxygen free radical formation in the preconditioned
drug-free and drug-treated non-diabetic and diabetic
groups. Four cycles of preconditioning reduced the
formation of oxygen free radicals by approximately
50% (Fig. 5A) in the non-diabetic group compared

to the non-diabetic non-preconditioned group. The
results (Fig. 5A) show that 25 and 50 mg/kg of EGb
761 resulted in a further reduction in the DMPO-
OH signal intensity indicating a reduced free radical
formation in the non-diabetic preconditioned groups.
This reduction was reflected in a striking reduction in
the incidence of arrhythmias (Figs. 3A and 4A). In
diabetic hearts (Fig. 5B), four cycles of precondition
failed to reduce the formation of free radicals, indi-
cating the lack of precondition-induced protection
on their release. EGb 761 (25 and 50 mg/kg) signifi-
cantly reduced the signal intensity of oxygen radical
formation both in preconditioned diabetic and non-
preconditioned diabetic hearts, showing the patho-
logical importance of free radicals in diabetic, as
well as in non-diabetic rats (Fig. 5B). These results
also show that four cycles of preconditioning
(Fig. 5B) did not reduce the formation of free radi-
cals in the drug-free diabetic hearts (54 ± 6 arbitrary
units) compared to the non-preconditioned diabetic
hearts (53 ± 4 arbitrary units), the reduction ob-
served in free radical production in diabetic hearts
clearly depending on the presence of EGb 761. In
the non-preconditioned diabetic group (Fig. 5B),
EGb 761 itself reduced the formation of free radicals,
as well as in the four-cycle preconditioned diabetic
group.

Pre- and post-ischaemic cardiac function. Table 2
shows the absolute values for pre-ischaemic myocar-
dial function in the drug-free age-matched control,
diabetic, and drug-treated non-diabetic and diabetic
groups. After 8 weeks of diabetes, a significant reduc-
tion was observed in AF, LVP, and LVdp/dt com-
pared the age-matched non-diabetic values, indicat-
ing the development of diabetes-induced cardiac fail-
ure (Table 2). With 50 mg/kg of EGb 761, a signifi-
cant improvement in pre-ischaemic cardiac function
(AF, LVP, and LVdp/dt) was observed compared to
the drug-free 8-week-diabetic group.

Four cycles of preconditioning followed by 30 min
of ischaemia and 30 min of re-perfusion failed to im-
prove the recovery of cardiac function in both non-di-
abetic and diabetic hearts. EGb 761 (50 mg/kg) im-
proved the post-ischaemic myocardial function in
the four-cycle preconditioned non-diabetic and
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Table 1. Serum glucose (mmol/l) in non-diabetic age-matched control and 8-week-diabetic rats

Groups Cycles of preconditioning

None 1 2 3 4

Non-diabetic (age-matched) 7 ± 0.4 7.3 ± 0.4 7.6 ± 0.5 6.7 ± 0.4 7.4 ± 0.5
8-week diabetic 27 ± 0.7 29 ± 1.1 27 ± 0.6 27 ± 0.8 28 ± 0.72
8-week diabetic (+25 mg/kg EGb) NR NR NR NR 27 ± 0.8
8-week diabetic (+50 mg/kg EGb) NR NR NR NR 29 ± 0.9

Data are mean ± SEM. n = 12 in each group. Comparisons were made between the 8-week diabetic drug-free values and the drug-
treated values
NR, Not recorded

Fig. 5 A, B. Four cycles of preconditioning on the signal inten-
sity (arbitrary units AU) of DMPO-OH adduct (free radical
adduct) during a subsequent 30-min ischaemia followed by
3 min of re-perfusion, with and without EGb 761 treatment,
in non-diabetic (A) and diabetic (B) hearts. Four cycles of pre-
conditioning (4 × precondition); n = 12 each group. Compari-
sons were made to the non-preconditioned non-diabetic drug-
free (A) and non-preconditioned diabetic (B) EGb 761-free
groups, respectively (*p < 0.05)



diabetic groups compared to the four-cycle precondi-
tioned non-diabetic and diabetic drug-free group, re-
spectively (Table 3).

Discussion

The precondition-mediated protection of cardiac
function may be of interest in the clinical situation
since recurrent episodes of myocardial ischaemia are
commonly observed in patients with coronary artery
disease who suffer from frequent angina pectoris or
who have undergone angioplasty of the left anterior
descending coronary artery [4, 28, 29].

We have demonstrated that increasing cycles of is-
chaemic preconditioning can reduce the incidence of
arrhythmias in the myocardium after a prolonged pe-
riod of normothermic global ischaemia in non-dia-
betic intact (healthy) hearts. We have also shown

that hearts from 8-week-diabetic rats may not be pre-
conditioned, indicating that diabetes could abolish
the precondition-mediated cardiac protection. In ad-
dition, we studied the effects of EGb 761 (a free radi-
cal scavenger), a ginkgoflavon-rich extract [30] to de-
termine the importance of free radicals on the recov-
ery of myocardial function in preconditioned non-di-
abetic and diabetic hearts. In the drug-free four-cycle
preconditioned non-diabetic group, recovery of AF,
LVP, and LVdp/dtmax was significantly lower com-
pared to the drug-treated non-diabetic precondi-
tioned groups.

In the diabetic group, preconditioning alone failed
to reduce the incidence of re-perfusion-induced ar-
rhythmias and improve the recovery of post-ischae-
mic cardiac function indicating a lack of precondition-
ing-induced protection in diabetic hearts. Administra-
tion of EGb 761 resulted in a significant reduction in
incidence of re-perfusion-induced arrhythmias, and
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Table 2. Cardiac function before preconditioning and the induction of ischaemia (pre-ischaemic values)

Groups Cardiac function

HR (beats/min) CF (ml/min) AF (ml/min) LVP (kPa) LV dp/dt (kPa/s)

Non-diabetic, age-matched control 320 ± 7 27.6 ± 0.9 50.6 ± 1.6 17.4 ± 0.3 782 ± 24

Non-diabetic, age-matched control
(25 mg/kg EGb) 330 ± 8 28.3 ± 1.0 49.8 ± 1.5 17.7 ± 0.4 774 ± 22

Non-diabetic, age-matched control
(50 mg/kg EGb) 323 ± 6 27.2 ± 0.8 51.1 ± 2.0 16.9 ± 0.5 790 ± 28

8-week diabetic 310 ± 8 26.8 ± 1.1 39.1 ± 1.9a 14.8 ± 0.5a 621 ± 30a

8-week diabetic (25 mg/kg EGb) 308 ± 9 28.2 ± 1.2 42.3 ± 2.0a 15.5 ± 0.5a 679 ± 35a

8-week diabetic (50 mg/kg EGb) 311 ± 8 26.6 ± 1.3 48.0 ± 1.9b 17.0 ± 0.4b 748 ± 28b

Values are mean ± SEM
n = 12 in each group
a Compared to the nondiabetic age-matched control group (p < 0.05)
b Compared to the 8-week diabetic values (p < 0.05)

Table 3. Cardiac function during re-perfusion (after preconditioning and ischaemia)

Groups Cardiac function

HR (beats/min) CF (ml/min) AF (ml/min) LVP (kPa) LV dp/dt (kPa/s)

Non-diabetic, age-matched control 293 ± 7 17.2 ± 0.5 11.4 ± 1.2 10.8 ± 0.4 448 ± 24

Non-diabetic, age-matched control
(4 × PC) 300 ± 9 18.0 ± 0.6 12.0 ± 1.0 11.1 ± 0.3 458 ± 29

Non-diabetic, age-matched control
(+4 × PC+25 mg/kg EGb) 289 ± 8 18.1 ± 0.6 12.1 ± 0.8 11.6 ± 0.5 468 ± 31

Non-diabetic, age-matched control
(+4 × PC+50 mg/kg EGb) 297 ± 7 20.4 ± 0.7a 19.7 ± 1.0a 15.4 ± 0.6a 596 ± 32a

8-week diabetic 285 ± 9 16.9 ± 0.6 4.0 ± 0.5a 5.9 ± 0.4a 309 ± 17a

8-week diabetic (+4 × PC) 280 ± 8 17.9 ± 0.6 4.8 ± 0.6a 6.3 ± 0.5a 330 ± 20a

8-week diabetic
(+4 × PC and 25 mg/kg EGb) 287 ± 7 18.1 ± 0.7 7.8 ± 0.6a,b 8.4 ± 0.4a,b 385 ± 21a,b

8-week diabetic
(+4 × PC and 50 mg/kg EGb) 302 ± 9 18.0 ± 0.5 10.8 ± 0.8b 10.2 ± 0.5b 420 ± 19b

Mean ± SEM. n = 12 in each group.
a Compared to non-diabetic age-matched control group.
b Compared to 8-week diabetic values p < 0.05



improvement in cardiac contractility in precondi-
tioned diabetic as well as non-preconditioned diabetic
rats. This was reflected in a reduction of free radical
production measured by ESR spectroscopy indicating
that EGb 761, not the preconditioning, was responsi-
ble for free radical reduction in the diabetic hearts.
Our findings, in agreement with others [24], empha-
size the pathological importance of free radicals in is-
chaemic/re-perfused hearts, and that the precondi-
tioning phenomenon itself, in comparison with the
non-diabetic intact hearts, does not play a major role
in ischaemia/re-perfusion-induced injury in human
insulin-dependent diabetic subjects. Some studies
also show a lack of precondition-induced protection
in the improvement of myocardial function during
re-perfusion [16, 18] in intact myocardium.

Flavonoids have been shown to modulate P-450-
dependent metabolic activities in vitro and in vivo
[31], and to scavenge ⋅ O2

– and ⋅ OH free radicals in
alpha-radiolysis studies [32]. They also act as antioxi-
dants [33] and have anti-inflammatory actions [34].
The specific action of flavonoids, as well as EGb 761,
may be to increase the binding affinity of a substrate
[35] or to improve the electron transfer efficacy be-
tween NADPH-cytochrome P-450 reductase and the
P-450 enzyme.

Preconditioning can preserve myocardial ATP
content, and as reported by Murry et al. [7] ischaemic
preconditioning is characterized by decreased ATP
catabolism and reduced glycolysis. Because ATP
breakdown during ischaemia plays an important role
in the free radical production during re-perfusion, a
reduced production may be responsible for the pro-
tective effect of preconditioning. Although free radi-
cal generation and oxidant stress appear to be impor-
tant in the genesis of re-perfusion-induced arrhyth-
mias [24, 36] there is little evidence that they play an
important role in preconditioning. Our previous
study shows that free radical pathways are involved
in the mechanism(s) of preconditioning in non-dia-
betic intact hearts [37]. Furthermore, precondition it-
self does not afford functional cardiac protection in
diabetic hearts in our model, and the free radical
pathways may play a more important role than the
preconditioning-induced protection (via other mech-
anisms) in diabetic subjects. It is not our intention to
suggest here that only free radical-induced arrhyth-
mias exist, nor to suggest that they operate alone or
over tightly constrained time spans. It seems likely
that many overlapping triggers exist such as prosta-
glandins, free radicals, adenosine A1 receptors, pro-
tein kinase C, ATP-sensitive K channels, and maldis-
tribution of ions particularly Na, K, and Ca [24, 38].

Many precondition studies have been performed
in hearts obtained from intact (healthy) animals, but
few results are available in preconditioned diseased
(e.g. diabetic) myocardium. Thus, Liu et al. [13]
found that preconditioning could reduce infarct size

in type 2 diabetic rats. It is not clear, from their stud-
ies, whether the changes in cellular metabolism re-
sulting in protection in type 2 diabetic rats were am-
plified by superimposed preconditioning or whether
the latter causes a further effect by an unrelated
mechanism. Our results suggest that the precondition
has no beneficial effect on ischaemic/re-perfused my-
ocardium obtained from type 1 diabetic rats. A wide
range of biochemical changes have been described in
the ventricular muscle of diabetic rats, and can be
classified as: (i) alterations in myosin ATPase and
myosin isoenzyme distribution [39], (ii) changes in
Ca2 + transport [40], (iii) alterations in adrenergic
and cholinergic receptors [41], and (iv) changes in
carbohydrate, lipid, and adenine nucleotide metabo-
lism [42]. All or any of these biochemical changes in
the diabetic myocardium may be responsible for the
lack of the protective effect of preconditioning in in-
sulin-dependent diabetic myocardium. These find-
ings indicate that the mechanisms responsible for the
arrhythmogenesis are different in diabetic and non-
diabetic subjects, and diabetes could abolish the pre-
condition-induced cardiac protection.

Although preconditioning “cycle-dependently”
reduces the incidence of arrhythmias in non-diabetic
hearts, it did not attenuate myocardial dysfunction
[18] during re-perfusion (depressed myocardial func-
tion). The administration of a free radical scavenger,
EGb 761, significantly reduced the incidence of ar-
rhythmias and improved myocardial contractility in
both non-diabetic and diabetic preconditioned
hearts. If preconditioning itself improved recovery of
cardiac function, data points for the preconditioned
drug-free groups would be expected to lie above the
points for the control and EGb 761-treated groups.
Our results show that preconditioning alone is not
sufficient to substantially improve myocardial con-
tractility. However, our studies show an absence of
additional deterioration in myocardial function or in-
jury after prolonged myocardial ischaemia in the
presence of previous ischaemic events. Therefore, it
is safe to assume that brief ischaemic episodes do
not cause additive tissue injury when isolated rat
hearts have been subjected to subsequent prolonged
periods of ischaemia and re-perfusion.
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