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Kidneys are an abundantly innervated internal organ and the renal sympathetic nerve plays an important role in
regulating body fluid volume and blood pressure via the modulation of renal functions. Here we summarized the
relationship between the renal sympathetic nervous system and ischemia/reperfusion-induced acute renal failure
(ARF). To clarify changes in the renal sympathetic nervous system during ischemia and reperfusion, we determined
renal sympathetic nerve activity, renal interstitial norepinephrine (NE) levels and renal venous plasma NE levels.
Results indicated enhanced renal sympathetic nerve activity during ischemia, accompanied by increases in renal
interstitial NE level during ischemia and after reperfusion, and NE overflow in the renal vein after reperfusion.
Taken together, it seems likely that the renal sympathetic nervous system is enhanced during ischemia and after
reperfusion. We next demonstrated that renal denervation or a ganglion blocker markedly overcame the deterioration
in renal function and tissue injury induced by ischemia/reperfusion and markedly suppressed NE overflow from
renal sympathetic nerves after reperfusion. In addition, the administration of selective o -adrenoceptor antagonists
significantly attenuated ischemia/reperfusion-induced ARF, but had no effect on the elevation of renal venous
plasma NE levels after reperfusion. These results suggest that NE excessively released from the postischemic kidney
is involved in the pathogenesis of ischemic ARF, probably acting on the postsynaptic a,-adrenoceptors. Thus, the
enhancement of the renal sympathetic nervous system is closely related to the pathogenesis of ischemia/reperfusion-
induced ARF, thereby suggesting the possibility that selective inhibition of the sympathetic nervous system is useful
for postischemic ARF.
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Figure 1. Typical responses of renal sympathetic nerve activity (RSNA, A) and integrated RSNA (B) to
ischemia/reperfusion in an anesthetized rat.
(C) Changes in RSNA during 45-min ischemia period. Values are means + S.E.M.
*P < 0.05,**P < 0.01, compared with pre-ischemic value.

Figure 2. (A) Changes in norepinephrine (NE) concentrations in dialysate of kidneys with ischemia/
reperfusion. *P < 0.05 ,**P < 0.01, compared with pre-ischemic value.
(B) NE concentrations in renal venous plasma of ischemia/reperfused and sham rats. Blood
samples (one sample from each animal) of ischemia/reperfused rat were taken during 2 min at
induced time points. **P < 0.01, compared with sham-operated rats.
Values are means = S.E.M. AREF, acute renal failure.
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Figure 3. Effect of renal denervation (A) or pentolinium treatment (B) on blood urea nitrogen (BUN),
plasma creatinine concentration (Pcr) and creatinine clearance (Ccr) at 1 day after reperfusion.
Renal denervation was accompanied 5 min before ischemia. Pentolinium treatment (5 mg/
kg) or vehicle (0.9% saline) treatment was given intravenously 5 min before ischemia. Each
column and bar represents the mean £ S.E.M. **P < 0.01, compared with sham-operated rats.
P <0.05, ""P < 0.01, compared with untreated (A) or vehicle-treated (B) rats. ARF, acute renal

failure.



Vol .3 (2009)

115

A [ sham
Il untreated ARF

renal denervation + ARF

P <0.05

(=) -]
> >
(=} [—}

| |

400

concentration (pg/ml)

200

renal venous plasma NE

B

renal venous plasma NE

[] sham
Il ARF + vehicle

ARF + pentolinium 5 mg/kg

P<0.05

concentration (pg/ml)

(354 = =) o0

=4 > > =3

> < =4 (=]
1 | 1 ]

Figure 4. Effect of renal denervation (A) or pentolinium treatment (B) on norepinephrine (NE) concentrations
in renal venous plasma of ischemia/reperfused rats. Blood samples (one sample from each animal)
of ischemia/reperfused rats were taken during 2 min at induced time points. Renal denervation was
accompanied 5 min before ischemia. Pentolinium treatment (5 mg/kg) or vehicle (0.9% saline)
treatment was given intravenously 5 min before ischemia. Each column and bar represents means +
S.E.M. *P < 0.05, **P < 0.01, compared with sham-operated rats. ARF, acute renal failure.
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Figure 5. (A) Light microscopy of inner zone (a-c), outer zone inner stripe (d-f) and outer zone outer stripe
(g-1) of medulla of the kidney of ARF rats treated with vehicle and prazosin (100 pg/kg) at 1 day
after reperfusion, and sham-operated rats. Arrows indicate severe proteinaceous casts in tubuli (b),
congestion and hemorhage (e) and tubular necrosis (h) are observed in vehicle-treated ARF rats.
(B) Effect of prazosin (10-100 pg/kg) treatment on histopathological changes in the kidneys of
ARF rats. Each column and bar represents the mean + S.E.M. 'P < 0.05, ""P < 0.01, compared with

vehicle-treated rats.

Prazosin or vehicle [a mixture of 10% ethanol, 15% polyethylene glycol 400, 70% saline (0.9%)]
was given intravenously 5 min before ischemia. ARF, acute renal failure.
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Figure 6. Effect of prazosin (10-100 pg/kg) treatment on norepinephrine (NE) concentrations in renal venous
plasma of ischemia/reperfused rats. Blood samples (one sample from each animal) of ischemia/
reperfused rats were taken during 2 min at induced time points. Prazosin or vehicle [a mixture of
10% ethanol, 15% polyethylene glycol 400, 70% saline (0.9%)] was given intravenously 5 min
before ischemia. Each column and bar represents means = S.E.M. **P < 0.01, compared with sham-

operated rats. ARF, acute renal failure.
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