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Abstract

Acute kidney injury (AKI) is a high frequent and common complication
following acute  myocardial infarction  (AMI).  However, the precisely
pathophysiological consequences of AKI after AMI are complicated and needed a
better define for early prevention. Renal tubular organic anion transporter 1 (Oat1)
and 3 (Oat3) are highly expressed on basolateral membrane and play a pivotal role
in active clearance of organic anions including para-aminohippurate (PAH) which can
be transported by Oatl and Oat3 while estrone sulfate (ES) is specific for Oat3, and
uremic toxins produced from organ dysfunctions. This study examined and identified
the effect of AKI induced by myocardial infarction on renal basolateral transporter
function using clinical setting of pre-renal AKI model. Cardiac ischemia (Cl) and
cardiac ischemic and reperfusion (CIR) were induced in rats by 30-min left anterior
descending coronary artery occlusion and 30-min occlusion followed by 120-min of
reperfusion, respectively. The renal hemodynamic parameters, kidney function, renal
transporter and renal mitochondrial function were subsequently determined along
with renal biochemical markers. Results showed that CI markedly reduced renal
blood flow velocity and perfusion pressure by approximately 40% while these
parameters were recovered during reperfusion phase. Cl and CIR progressively
declined renal function as indicated by increasing BUN and creatinine. Moreover, CIR
significantly increased malondialdehyde levels and decreased antioxidant genes;
superoxide dismutase, glutathione peroxidase and catalase, resulted in generation of
oxidative stress. Inaddition, pro-inflammatory cytokines; tumor necrosis factor alpha,
interleukin 1 beta, cyclooxygenase 2, inducible nitric oxide synthase, and stress-
response genes, nicotinamide adenine dinucleotide phosphate oxidase (NOX) 2,
NOX4, xanthine oxidase, were dominantly increased in CIR. Mitochondria dysfunction
as indicated by increasing reactive oxygen species, membrane depolarization,
swelling, caspase 3 activation and the changes of mitochondrial morphology were
also exacerbated in CIR. Furthermore, an early significant detection of proximal
tubular injury biomarkers including kidney injury molecule-1 and interleukin-18 were
highly detectable in Cl and CIR, respectively. All of which deteriorated renal transport
of PAH, but not ES, mainly mediated by down-regulating Oatl expression during a
sudden ischemia. Moreover, trafficking rate of Oatl and Oat3 transport that share a
common pathway were continuously blunted by down-regulating PKCa/Akt and up-
regulating PKCa/NFkB during CI and CIR. Thus, this promising study indicates that a



sudden myocardial ischemia and I/R condition abruptly impaired renal basolateral
transporter 1 and their regulatory proteins which could potentially worsen AKI.
Humanin (HN), a novel mitochondrial peptide, ameliorated cardiac infarction
size and improved cardiac function through AMPK-eNOS signaling pathway in
myocardial I/R mice. HN has also shown to improve insulin resistance by restoring
insulin receptor substrate 2 (IRS2)/Akt phosphorylation in diabetic kidney disease. In
addition, HN has shown to reduce renal microvascular remodeling in the early stage
of kidney disease both in vitro and in vivo models, suggesting that HN could be a
novel therapeutic intervention to prevent early stage kidney disease. However, the
potential role of HN on the impact of renal transport function has not yet been
completely addressed. This study aims to examine the effects and the mechanisms
of humanin on renal organic anion transporter functions induced by myocardial I/R
injury under pre-humanin treatment 15-min before ischemic period (pre-HN) and
post-humanin treatment 15-min after reperfusion (post-HN). Results showed that
humanin did not alter on renal blood flow velocity, perfusion pressure, and
improved renal function in pre-H group as indicated by reducing creatinine while
these parameters were not markedly recovered during reperfusion phase (post-HN).
Moreover, pre-HN group significantly reduced oxidative stress as indicated by reduced
malondialdehyde levels in both in plasma and renal cortical tissues. Mitochondria
dysfunction caused by increasing reactive oxygen species, membrane depolarization,
swelling, and the changes of mitochondrial morphology were also restored in pre-H
treatment. Nonetheless, these anti-oxidative effects of humanin in both systemic and
renal cortical tissues did not significantly change in post-H treatment due to humanin
was only prevented mitochondrial ROS in myocardial I/R. Furthermore, neither
deteriorated renal transport of PAH, mediated by Oatl and Oat3, nor trafficking rate
of Oatl and Oat3 improved by pre- or post-humanin treatments. In addition, both
indirect and direct administration of humanin in vivo and in vitro, respectively, did
not alter humanin protein expression in renal cortical tissues. Therefore, this study
suggests that pre-treatment with humanin could rather exert mitoprotective effects
against renal mitochondria dysfunction in AMI induced AKI. Combination of humanin
with pharmacological intervention that restored renal Oatl1/3, such as, indomethacin
might allow for more effective therapeutic strategy for early reversing AMI and

preventing AKI.
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