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Studies on the development and progression of ischemia/reperfusion-induced renal injury
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Ischemic cell injury to the kidneys occurs during cardiovascular surgery, shock, and transplantation, which may lead to
acute renal failure. Here we summarize the effects of Na*/H" exchange (NHE) inhibitors, a Na/Ca? exchange (NCX)
inhibitor, and ischemic preconditioning (IP) on ischemic acute renal failure (ARF). In addition, we report that NHE,
NCX and IP can suppress ARF-induced enhancement of endothelin-1 (ET-1) production, which is closely related to the
pathogenesis of renal ischemia/reperfusion (I/R) injury.

We firstly evaluated the effects of 5-(N-ethyl-N-isopropyl) amiloride (EIPA) and N-(aminoiminomethyl)-1-
methyl-1H-indole-2-carboxamide methanesulfonate (SM-20220), NHE inhibitors, on I/R-induced ARF. Pre-ischemic
treatment with EIPA, but not with SM-20220, attenuated the I/R-induced renal dysfunction and histologically evident
damage. In addition, I/R-induced increase in renal ET-1 content was suppressed by pre-ischemic treatment with
EIPA, reflecting the difference in immunohistochemical ET-1 localization in necrotic tubular epithelium. Secondly,
we investigated whether I/R-induced renal dysfunction and tissue injury would be more successfully overcome by
treatment with KB-R7943, the NCX inhibitor, in comparison with verapamil, a Ca** channel antagonist. Pre-ischemic
treatment with KB-R7943 or verapamil attenuated the ARF-induced renal dysfunction. I/R-induced renal dysfunction
was overcome by post-ischemic treatment with KB-R7943 but not with verapamil. Histologically evident damage and
Ca?* deposition in necrotic tubular epithelium were improved by pre-ischemic treatment with KB-R7943. In addition,
pre-ischemic treatment with KB-R7943 significantly suppressed the increment of ET-1 content in the post-ischemic
kidney. Finally, we examined the effects of IP on I/R-induced ARF. IP significantly improved renal dysfunction and
histologically evident damage. NO metabolites production in the kidney was markedly increased in animals exposed to
I/R with IP, compared to animals not subjected to IP, and these increases correlated with changes in endothelial NO
synthase (NOS) protein expression in renal tissues. The [P-induced improvement of renal dysfunction was abolished by
pretreatment with NC-nitro-L-arginine, a nonselective NOS inhibitor, but not with aminoguanidine, an inducible NOS
inhibitor. Furthermore, the increment of ET-1 content in the kidney after reperfusion was markedly suppressed by IP
treatment.

From these findings, we propose that NHE and NCX inhibitors, and IP treatment may be considered as a
therapeutic approach to protect post-ischemic ARF in humans.
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Figure 1. Effects of EIPA or SM-20220 administered before I/R on blood urea nitrogen (BUN, A),
plasma creatinine (Pcr, B), and creatinine clearance (Ccr, C) at 24-48 h after I/R. At 24
h after reperfusion 24-h urine was collected. Each value represents the mean + S.E.M.
*p<0.05, compared with vehicle-treated ARF mice. I/R, ischemia/reperfusion. ARF, acute

renal failure.
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Figure 2. Immunohistochemistry for endothelin-1 of outer zone outer stripe of the medulla of the
kidney of ARF mice treated with vehicle (B, untreated), SM-20220 (C, 1.0 mg/kg), EIPA
(D, 0.2 mg/kg; E, 1.0 mg/kg) at 48 h after I/R, and sham mice (A). Drugs were given
intravenously before I/R. Arrows indicate endothelin-1 peptide expression in lumens of
necrotic tubular cells. The peptide expression was more intense in vehicle treated ARF (B,
untreated) than EIPA (E, 1.0 mg/kg). I/R, ischemia/reperfusion. ARF, acute renal failure.
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Figure 3. Light microscopy of outer zone outer stripe of the medulla of the kidney of ARF mice treated
with vehicle (B, untreated) and KB-R7943 (C, 10 mg/kg) at 48 h after I/R, and sham mice
(A). Arrows indicate tubular necrosis (hematoxylin-eosin staining). Effect of KB-R7943
administered before I/R on Ca®" deposition in necrotic tubular epithelium in the kidney of ARF
mice treated with vehicle (E, untreated) and KB-R7943 (F, 10 mg/kg) at 48 h after I/R, and
sham mice (D). I/R, ischemia/reperfusion. ARF, acute renal failure.
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Figure 4. Effects of KB-R7943 administered before I/R on immunoreactive endothelin-1 content in the

kidney of ARF rats at the end of 45-min ischemia and at 2, 6, and 24 h after reperfusion. Each

column and bar represents the mean + S.E.M. #p<0.01, compared with sham rats; **p<0.01,

compared with vehicle-treated ARF rats. I/R, ischemia/reperfusion. ARF, acute renal failure.
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Figure 5. Effects of I/R with or without IP treatment on blood urea nitrogen (BUN, A), plasma creatinine
(Pcr, B) and creatinine clearance (Ccr, C) after reperfusion. At 24 hr after reperfusion, 5-hr

urine was collected. Each value represents the mean + S.E.M. *p <0.05, **p < 0.01, compared

with I/R rats without IP treatment. I/R, ischemia/reperfusion. IP, ischemic preconditioning.
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Figure 6. (A) Renal eNOS protein expression in sham rats and in I/R rats at 2, 6 and 24 hr after reperfusion,
with or without IP treatment. The upper panel represents a typical data. (B) NO, and NO;
(NO,) concentration in dialysate of kidneys after reperfusion, with or without IP treatment. Each

column and bar represents the mean = S.E.M.

*p < 0.05, compared with I/R rats without IP

treatment. I/R, ischemia/reperfusion. IP, ischemic preconditioning.
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