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It is known that female rats are more resistant than male rats to ischemic acute renal failure (ARF). To elucidate the
meaning of this sex difference in ischemic ARF, we first searched for proteins, using the proteomic technique, which
show sex difference by a change of expression after ischemia/reperfusion in rat kidneys. Ischemic ARF was induced
by 45-min ischemia followed by reperfusion. Increased or decreased protein spots were detected in the post-ischemic
kidney, by means of two-dimensional gel electrophoresis, 2 h after reperfusion, and at this point there were no
significant alterations in the renal function parameters of both sexes. The quantitative change in the detected proteins
tended to be much greater in males than in females. Several significant (P<0.01) up- or down-regulated (more than 1.5-
fold) proteins, in males only, were identified, respectively, as ezrin, glucose-regulated protein 78, heat shock protein 70
and protein disulfide isomerase A3 precursor, arewhich are known that the expression or post-translational modification
is regulated by intracellular ATP content. In addition, F,F -ATPase 3 subunit and meprin o subunit were identified in
significant up-regulated protein spots in males, but not in females. We next examined whether an F,F -ATPase inhibitor
oligomycin and a meprin inhibitor actinonin would overcome the ischemia/reperfusion-induced renal injury in male
and female rats. At 24 h after reperfusion, renal function and histology of both males and females showed significant
deterioration, although the degree of both renal dysfunction and histological damage was much more severe in males
than in females. Pre-ischemic treatment with oligomycin (0.5 mg/kg, i.v.) or actinonin (10, 30 mg/kg, i.v.) attenuated the
ischemia/reperfusion-induced renal injury in male rats, but failed to improve the renal injury in female rats. In contrast,
female rats, as well as male rats, were protected against ischemia/reperfusion-induced renal injury when verapamil (1
mg/kg, i.v.) was administered. These results indicate that the renoprotective effect of oligomycin and actinonin is male-
specific, thereby suggesting that F,F -ATPase and meprin are involved in the sex difference in terms of exacerbation of
ischemic renal injury in male rats. The possibility that F,F -ATPase and meprin are key factors in the sex difference in
the pathogenesis of ischemic ARF warrants further attention.
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Figure 1. Time course of blood urea nitrogen (BUN) and plasma creatinin (Pcr) in male and female rats
subjected to 45-min ischemia. Each column and bar represents the mean + S.E.M. **P<0.01,
compared with sham-operated male rats. “P<0.05, *P<0.01, compared with sham-operated

female rats.
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Figure 2. Two-dimensional gel images of renal proteins from sham-operated male and female rats or I/
R-treated male and female rats. Proteins labeled with CyDye DIGE Fluor dye were separated
by two-dimensional gel electrophoresis on basis of differential isoelectric point (x-axis) and
molecular weights (y-axis). The spot numbers correspond to the numbers described in the legend

of Figure 3. I/R, ischemia/reperfusion.
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Figure 3. The profile of a change ration in proteins gel spots of male and female rat kidneys after
reperfusion. These gel spots were obtained on two-dimensional gel electrophoresis in kidneys of
sham-operated rats (Sham group) and I/R-treated rats 2 h after reperfusion (I/R group). Values
were expressed as logarithm of the volume ration (I/R group/Sham group). Several proteins were
identified as glucose regulated protein 78 (spot No. 1), heat shock protein 70 (spot No. 2), protein
disulfide isomerase A3 precursor (spot No. 3), ezrin (spot No. 4), meprin a subunit (spot No.
5) and F,F,-ATPase 3 subunit, (spot No. 6, 7). The numbers correspond to the spot numbers in

Figure 2. I/R, ischemia/reperfusion.
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Figure 4. Effects of oligomycin on blood urea nitrogen (BUN) and plasma creatinine (Pcr) at 24 h after
reperfusion (A). Each column and bar represents the mean + S.E.M. **P<0.01, compared with
untreated ARF male rats. P<0.01, compared with untreated ARF female rats. Light microscopy
of the outer zone outer stripe of medulla of the kidney of ARF male and female rats untreated and
treated with oligomycin at 24 h after reperfusion, and sham-operated male and female rats (B).
Arrows indicate tubular necrosis (hematoxylin and eosin staing). Oligomycin (0.5 mg/kg) or vehicle
was given intravenously 5 min before ischemia. ARF, acute renal failure.
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Figure 5. Time course of renal ATP content during ischemia/reperfusion in male and female rats (A), and effect
of oligomycin on renal ATP depletion during ischemia (B). Oligomycin (0.5 mg/kg) or vehicle was
given intravenously 5 min before ischemia. Each column and bar represents the mean £ S.E.M.
**P<0.01, compared with male rats at the same point. “P<0.01, compared with vehicle-treated male

rats at the same time point.
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Figure 6. Effects of actinonin or verapamil on blood urea nitrogen (BUN) and plasma creatinine (Pcr) at 24
h after reperfusion. Actinonin or verapamil was given intravenously 5 min before ischemia. Each
column and bar represents the mean £ S.E.M. (n=6, except for 10 mg/kg actinonin group; n=3).
*P<0.05, **P<0.01, compared with untreated ARF male rats. “P<0.05, *P<0.01, compared with
untreated ARF female rats. ARF, acute renal failure.
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Figure 7. Light microscopy of the outer zone outer strip of medulla of the kidney of ARF male and female rats
untreated and treated with actinonin (30 mg/kg) or verapamil (1 mg/kg) at 24 h after reperfusion, and
sham-operated male and female rats. Actinonin or verapamil was given intravenously 5 min before
ischemia. Arrows indicate tubular necrosis (hematoxylin and eosin staining). ARF, acute renal failure.
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