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cerning pre-perfusion concentrations (p <0.01). Potassium levels were below 4.62 mmol/l in all measurements.
The basal and perfusion heart rate of both groups
was significantly slower after reperfusion. On the other
hand, cardiac problems were observed with reperfusion
in Group UW. Those were sinus bradycardia (n =19), (p
<0.01) and short-term (≥ 3 s pause) asystole (n =8), (p
<0.01). While the intervention was not required for some
cases, intravenous Atropine was administered to seven
patients. When this was observed not to be sufficient,
catecholamine infusion therapy was initiated (p <0.01).
On the other hand, no cardiac problems were encountered
in Group HTK (Table 4).
In the comparison made in different time intervals
within the Group UW; the difference between pre-perfusion QTc (467.08 ± 59.95 ms) and reperfusion QTc
(523.04 ± 47.93 ms) was -55.96 ms (p <0.01), while the
difference between pre-perfusion QTc and postperfusion
QTc (526.88 ± 48.27 ms) was -59.80ms (p <0.01). However, the difference between reperfusion QTc and postperfusion QTc was -3.84 ms.
Likewise, in the comparison made in different time
intervals within the Group HTK, the difference between
pre-perfusion QTc (467.42 ± 37.63 ms) and reperfusion
QTc (488.29 ± 42.98 ms) was -20.88 ms (p =0.019).
Additionally, the difference between pre-perfusion and
postperfusion QTc (489.83 ± 53.38 ms) was -22.42 ms (p
Table 4: Bradycardia, asystole and inotrope infusion frequencies between group UW (used the University of Wisconsin solution) and group HTK (used Histidine-Tryptophan-Ketoglutarate solution).
Group UW
Group HTK

Bradycardia
Asystole
Inotropic
Treatment

n
19
8

(n =40)
percent
48.7 %*
20.5 %*

n
0
0

7

17.9 %*

0

(n =40)
percent
0.0 %
0.0 %
0.0 %

*: p <0.01 vs. Group HTK (used Histidine-Tryptophan-Ketoglutarate solution).

Table 5: Differences in corrected QT (QTc) interval values
at pre-perfusion, reperfusion, and postperfusion times of
both groups (group UW used the University of Wisconsin
solution; group HTK used Histidine-Tryptophan-Ketoglutarate solution).
Group UW
Group HTK
Preperfusion
467.08 ± 59.95**
467.42 ± 37.63*
QTc (ms)
Reperfusion
523.04 ± 47.93 Ɨ
488.29 ± 42.98
QTc (ms)
Postperfusion
526.88 ± 48.27 ƗƗ
489.83 ± 53.38
QTc (ms)
Data are presented as mean ± standard deviation. QTc: corrected
QT interval. *: p <0.05 vs. Group HTK reperfusion QTc and Group
HTK postperfusion QTc, **: p <0.01 vs. Group UW reperfusion
QTc and Group UW postperfusion QTc, Ɨ: p <0.05 vs. Group HTK
at reperfusion QTc, ƗƗ: p <0.05 vs. Group HTK at postperfusion QTc.

=0.026). On the other hand, the difference between reperfusion and postperfusion QTc was -1.54 ms.
The QTc comparison between groups revealed that
Group UW’s reperfusion (p =0.01) and postperfusion (p
=0.014) QTc intervals were longer than Group HTK in
the same periods (Table 5), while no significant QTc differences were observed in the comparison of pre-perfusion periods.
In vitro electrophysiological data
The change in sarcomere length of isolated ventricular myocytes in response to different concentrations of
UWS and HTKS was examined to understand the potential effect of GPS on the contractile function of the
myocardium. Neither the amplitude of shortening nor
contraction/relaxation rates changed during perfusion of
ventricular myocytes with 1 % v/v concentration of either UWS or HTKS (Figure 2A). However, 5 % v/v concentration of UWS resulted in apparent pause (asystole)
episodes, despite persisting electrical pulses terminated
with the washout of myocytes with the Tyrode solution
(Figure 2B). There was an apparent increase in myocyte’s
contractile response after washout of UWS, which can
be attributed simply to Ca2+ loading during GPS. Interestingly, perfusion with an equal amount of HTKS did
not cause any change in contractile activity of ventricular
myocytes. Increasing the stimulus amplitude (from 6 V
to 8 V) during UWS perfusion reversed the ventricular
myocyte’s contractile activity, although it was a bit irregular (Figure 2C). However, the washout of the UWS
completely restored myocyte’s contractility immediately
after switching to Tyrode solution.
As it is shown in Figure 3, 5 % v/v concentration of
UWS caused a fast and significant depolarization in the
resting membrane potential along with a decrease in the
peak of AP while the same amount of HTKS achieved
only a modest but insignificant change both in resting
membrane potential and peak value of AP which were
all reversible after washout (Figure 3A and Figure 3B).
Then the impact of GPS was also examined using
continuous recording protocol, and ionic currents of
the membrane in response to either solution were determined. Consistent with the membrane potential recordings, UWS elicited a significant inward current at -70
mV, which is the likely underlying mechanism of GPSinduced membrane depolarization, most probably due to
the elevating concentrations of extracellular K+ (Figure
4A). However, HTKS activated only a modest current,
which may not change the membrane potential remarkably. The stimulated currents were inactivated after the
washout of GPS.
Furthermore, to verify the contribution of K+ currents
to the measured inward currents, we applied a descending
ramp protocol to the ventricular myocytes. As suggested
in the previous reports, the outward current recorded under these conditions is defined as Ito, while the inward
component is defined as IK113,14. As shown in Figure 4B,
UWS elicited a steep increase in IK1, while no remarkable

