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old) male Wistar rats. All procedures were approved by 
Akdeniz University Animal Experiments Local Ethics 
Committee (No 771/2018.10.14/24, date: 10/10/2018). 
Ventricular myocytes were isolated by enzymatic di-
gestion of the myocardium, as described previously10,11. 
Briefly, rats were anesthetized with intraperitoneal ad-
ministration of pentobarbital sodium (50 mg/kg). Subse-
quently, their hearts were excised quickly and cannulated 
through the aorta to the Langendorff apparatus, where 
they were retrogradely perfused with Ca2+-free solution 
containing 137 mM NaCl, 5.4 mM KCl, 1.2 mM MgSO4, 
1.2 mM KH2PO4, 6 mM HEPES, and 20 mM glucose (pH 
adjusted to 7.2). Then, an enzymatic solution containing 
0.8 mg/mL collagenase (Collagenase A) and 0.07 mg/
mL protease (type XIV) was passed through for approxi-
mately 20 minutes and the minced ventricles were fil-
tered through the mesh. Following Ca2+ adaptation of cell 
suspension, data was recorded at 36 ± 1 °C. Ventricular 
myocytes were perfused either with the UWS or HTKS.

Electrophysiological experiments
In an experimental setting, we assessed the effects of 

these two GPS on membrane potential and ionic currents 
of ventricular myocytes to investigate the mechanism of 
asystole or diastolic arrest during electrical stimulation.

Myocyte Contractility
Isolated cells were continuously perfused with Ty-

rode solution containing 137 mM NaCI, 5.4 mM KCI, 
0.5 mM MgCl2, 1.5 mM CaCl2, 11.8 mM HEPES, 10 mM 
glucose (pH: 7.35), and then stimulated (5–10 V) with 
a platinum electrode at 1 Hz frequency. The changes in 
sarcomere length in response to electrical stimulus rep-
resent myocyte shortening and contractility12. Sarcomere 

shortening traces of ventricular myocytes with stable 
responses were recorded with a video-based myocyte 
contractility system of Ion Optix (IonOptix LLC, Milton 
USA) for at least two minutes and then washed in either 
with UWS (SERVATOR B SALF) or HTKS (Bretschnei-
der modificata). 

Action Potential and Membrane Current Recordings
Action potential (AP) traces were obtained using 

the patch-clamp amplifier’s current-clamp mode (Axon 
200B, Molecular Devices, USA). A solution containing 
120 mM potassium aspartate, 20 mM KCl, 10 mM NaCl, 
10 mM K-HEPES, 5 mM MgATP (pH =7.2) was used 
to fill the patch pipettes. APs were evoked with 1 Hz 
frequency, and we used the Clampfit 10.2 software (Mo-
lecular Devices, USA) to analyze the recordings.

For current recordings, a whole-cell configuration of 
the patch-clamp amplifier was used, and the holding po-
tential was set to -70 mV. The continuous gap-free proto-
col was initiated at this potential, and then either UWS or 
HTKS were applied by a fast perfusion system (Harvard 
Apparatus MA, USA). However, ramp protocols were 
used for the recording of total K+ currents. The descend-
ing ramp from +80 to -120 mV with a two-second dura-
tion was applied while the holding potential was -40 mV. 
This protocol allows us to assess the values of both tran-
sient outward (Ito) and inward rectifier (IK1) currents12,13. 

Statistics
Analyses were conducted through the IBM SPSS Sta-

tistics for Windows, Version 23.0. (IBM Corp., Armonk, 
NY, USA). The normal distribution hypothesis was ana-
lyzed through the Shapiro-Wilk test, Q-Q plot graphics, 
skewness, and kurtosis coefficients. The independent t-

Table 1: The contents of the University of Wisconsin solution (UWS) and Histidine-Tryptophan-Ketoglutarate solution 
(HTKS).

University of Wisconsin solution (SERVATOR B 
SALF®; S.A.L.F S.p.A., Cenate Sotto, Italy)

Histidine-Tryptophan-Ketoglutarate solution (Bretschneider 
modificata®; Galenica Senede, Siena, Italy)

pH (20 0C) 7.1-7.5 pH (25 0C) 7.02-7.2
Osmolality 320 mOsm/kg Osmolarity 320 mOsm/L

Poly (o-2-hydroxyethyl) startch 50 g/l Sodium Chloride 15 mmol/l (0.8766 g)

Lactobionic acid 105 mmol/l Potassium Chloride 9 mmol/l (0.6710 g)
Potassium hydroxide 100 mmol/l Magnesium chloride hexahydrate 4 mmol/l
Sodium Hydroxide 27 mmol/l Histidine hydrochloride monohydrate 18 mmol/l
Adenosine 5 mmol/l Histidine 180 mmol/l
Allopurinol 1 mmol/l Tryptophan 2 mmol/l
Potassium dihydrogen phosphate 25 mmol/l Mannitol 30 mmol/l
Magnesium sulphate heptahydrate 5 mmol/l Calcium chloride bihydrate 0.015 mmol/l
Raffinose pentahydrate 30 mmol/l Potassium hydrogen 2-ketoglutarate 1 mmol/l (0.1842 g)
Glutathione 3 mmol/l
Sodium hydroxide or Hydrochloric 
acid for pH adjustment

Potassium hydroxide for pH 
adjustment

Water 1000 ml Water 1000 ml
Total Na ions 29 mEq/l
Total K ions 125 mEq/l


