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Effect of Pyruvate and Aspartate Enriched University of Wisconsin
Solution on Myocardial Protection

Jeong Ryul Lee, M.D.*, Jun Seok Kim, M.D.**,
Jae Jin Han, M.D.*** Moon Chul Kang, M.D.*

Background: Ischemia-reperfusion myocardial injury is an important factor to determine the
early and the late mortality of transplanted patients. Recently, modulation of the cytosolic
NADH/NAD+ ratio by pyruvate and aspartate was tested to protect the heart from
ischemia-reperfusion injury. Material and Method: We added pyruvate and aspartate to the
University of Wisconsin solution, and evaluated their effect on myocardial protection. We
used 16 piglet(age 1 to 3 days) hearts. Eight hearts were arrested with and stored in the
University of Wisconsin solution(UW solution) for 24 hours(cdntrol group), and the other
eight hearts were arrested with and stored in the modified UW solution added pyruvate(3
mmol/L) and aspartate(2 mmol/L)(test group). All hearts underwent modified reperfusion with
blood cardioplegic solution followed by conversion to a left-sided working model with
perfusion from a support pig. And then, we measured stroke work index(SWI), high-energy
phosphate stores, and myocardial water content of the hearts. SWI was calculated at left
ventricular end-diastolic pressures of 3, 6, 9, and 12mmHg after 60 and 120 minutes
reperfusion, respectively. Result: At 60 minutes and 120 minutes after reperfusion, SWI was
higher in the test group than in the control group significantly. The levels of AMP, ADP,
ATP of the test group were also higher. But, the creatine phosphate level and myocardial
water content were similar in the two groups. Conclusion: From these results, we could
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prove that pyruvate and aspartate enhance cardiac contractility and high-energy phos-

phate stores after ischemia.

(Korean Thorac Cardiovasc Surg 2002;35:11-9)
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Fig. 1. Diagram of isolated perfusion circuit. Blood from
support animal can be pumped to either aortic root or to
height-adjustable reservoir that supplies blood into left
atrium. Afterload is determined by height-adjustable aortic
column. Cardiac output can be measured by collecting
coronary sinus effluent via pulmonary artery cannula plus
overflow aortic column.

A, femoral artery; V, femoral vein; LA, left atrium; LV, left
ventricle:  RA, right atrium; RV, right ventricle; PA, pulmo-

nary artery; Ao, aorta; HR, heated reservoir containing
cardioplegia.
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Fig. 2. Comparison of stroke work index measured at 60
minutes after reperfusion between the two groups. SWI
was higher in the test group than in the control group
significantly(n=8, p<0.05).
SWI, stroke work index;
tolic pressure

LVEDP, left ventricular end dias—
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Fig. 4. Comparison of the levels of high-energy phosphate
stores between the two groups.

The levels of ATP, ADP and AMP were higher in the test
group than in the control group significantly{n=8, p<0.05), but
creatine phosphate levels were similar in both groups(n=8,
p>0.05)

ATP, adenosine ftriphosphate; ADP, adenosine diphosphate;
AMP, adenosine monophosphate; CP, creatine phosphate

myocardium, 28744 156.8+45.8(n=8, p=0.010), ADP+= ©}
ZFoA 526173, AFTFoA 91.3£2090m=8, p=0.010),
AMPE tfETolA 308%87, A¥TolA 53.1F11.10n=8,
p=0.014), 1|3, creatine phosphatet= WFETo|A 546.6%
197.0, AFFo A 595.5+179.6(n=8, p=0.713)°]3}c}.
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Fig. 3. Comparison of stroke work index measured at 120
minutes after reperfusion between the two groups. SWI was
higher in the test group than in the control group
significantly(n=8, p<0.05).
SWI, stroke work index;
pressure

LVEDP, left ventricular end diastolic
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Fig. 5. Comparison of the amount of myocardial water
content between the two groups.

Mean water content was similar in the two groups(n=8,
p>0.05)
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Table 1. Composition of the University of Wisconsin
solution.

Pentafraction (%) 5
Lactobionate (mmol/L) 100
Raffinose (mmol/L) 30
Adenosine (mmol/L) 5
MgSO. (mmol/L)

Glutathione (mmol/L) 3
Allopurinol (mmol/L)

KH,PO4 (mmol/L) 25
NaOH (mmol/L) 29
KOH (mmol/L) 104
Osmolarity (mmol/L) 300
pH 7.6 ~ 7.8
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Fig. 6. Metabolic map indicating the proposed role of pyruvate
and aspartate in the reduction of NADH during ischemia.
MDH, Malate Dehydrogenase; AST, Asparate Aminotransfera—
se; ALT, Alanine Aminotransferase; LDH, Lactate Dehydro—
genase. '
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