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Protective effects of a hydrogen-rich preservation solution during cold ischemia in rat lung transplantation
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Protective effects of a hydrogen-rich solution during cold

ischemia in rat lung transplantation
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Hiroshi Date, MD, PhD*

ABSTRACT

Background: Molecular hydrogen can reduce the oxidative stress of
ischemia-reperfusion injury in various organs for transplantation and potentially
improve survival rates in recipients. This study aimed to evaluate the protective
effects of a hydrogen-rich preservation solution against ischemia-reperfusion
injury after cold ischemia in rat lung transplantation.

Methods: Lewis rats were divided into a nontransplant group (n = 3),
minimum-ischemia group (n = 3), cold ischemia group (n = 6), and cold ischemia
with hydrogen-rich (more than 1.0 ppm) preservation solution group (n = 6). The
rats in the nontransplant group underwent simple thoracotomy, and the rats in the
remaining 3 groups underwent orthotopic left lung transplantation. The ischemic
time was <30 minutes in the minimum-ischemia group and 6 hours in the cold
ischemia groups. After 2-hour reperfusion, we evaluated arterial blood gas levels,
pulmonary function, lung wet-to-dry weight ratio, and histologic features of the
lung tissue. The expression of proinflammatory cytokines was measured using
quantitative polymerase chain reaction assays, and 8-hydroxydeoxyguanosine
levels were evaluated using enzyme-linked immunosorbent assays.

Results: When compared with the nontransplant and minimum-ischemia groups,
the cold ischemia group had lower dynamic compliance, lower oxygenation levels,
and higher wet-to-dry weight ratios. However, these variables were significantly
improved in the cold ischemia with hydrogen-rich preservation solution group.
This group also had fewer signs of perivascular edema, lower interleukin-13
messenger RNA expression, and lower 8-hydroxydeoxyguanosine levels than the
cold ischemia group.

Conclusions: The use of a hydrogen-rich preservation solution attenuates
ischemia-reperfusion injury in rat lungs during cold ischemia through antioxidant
and anti-inflammatory effects. (J Thorac Cardiovasc Surg 2020;159:2110-8)
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The use of hydrogen rich preservation solution
reduced the level of 8-OHdG in lung tissue.

Central Message

A hydrogen-rich preservation solution allevi-
ated lung ischemia-reperfusion injury by
suppressing oxidative stress and inflammation.

Perspective

The addition of hydrogen to the preservation
solution  attenuated  ischemia-reperfusion
injury, and the solution is potentially suitable
for organ storage and transportation.

See Commentary on page 2119.

Lung transplantation is currently the only viable treatment
for end-stage respiratory disease. However, the survival
rate after lung transplantation remains lower than that of
other organs.' The main causes of death in lung transplant
recipients are primary graft failure, infectious diseases,
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acute rejection, and chronic lung allograft dysfunction.
As primary graft failure is frequently the result of
ischemia-reperfusion injury (IRI), the prevention or
attenuation of IRI can help to improve patient survival after
lung transplantation.”™

Harvested donor lungs are commonly immersed in organ
preservation solution and kept at low temperatures during
transport to recipients.”’ Various methods for organ
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