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Fig. 1. Effects of renal denervation on renal tissue noradrenaline concentration (examples of liquid chromatography)

A. Intact side. B. Denervated side. NA, noradrenaline; Adr, adrenaline; DHBA, dihydroxybenzoic acid (internal standard).
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Fig. 2. Renal tissue noradrenaline concentration

Intact

Denervated Intact Denervated

A. Successful renal denervation. B. Unsuccessful renal denervation. The criterion for the successful renal denervation was a

reduction of the tissue noradrenaline concentration in the denervated side below 10% that of the intact side. C. Comparison

of renal tissue concentrations in the intact side between the right and left kidneys. In the box-whisker plots, the terminal

points of the whiskers indicate the minimum and maximum values; the lower and upper sides of the box indicate the first and

third interquartile ranges, respectively; and the middle line indicates the median.
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Fig. 3. Typical time series showing baroreflex-mediated hemodynamic responses, changes in sympathetic nerve

activity (SNA), and urine volumes from the intact and denervated sides.

CSP, carotid sinus pressure; SAP, systemic arterial pressure; HR, heart rate.
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Fig. 4. Open-loop static characteristics of the carotid sinus baroreflex

A. Total reflex arc representing the relationship between carotid sinus pressure (CSP) and systemic arterial pressure (SAP).
B. Baroreflex-mediated heart rate (HR) control. C. Neural arc representing the relationship between CSP and sympathetic
nerve activity (SNA). D. Peripheral arc representing the relationship between SNA and SAP. Data points are means + SE (n

= 10).
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Fig. 5. Comparisons of urine flow between the intact and denervated sides.

A. Mean regression lines indicating the relation of urine flow (UF) versus systemic arterial pressure (SAP). B. Minimum UF.
C. Maximum UF. D. UF at the operating-point pressure (OP) determined from the baroreflex equilibrium diagram. In panels
B-D, data were compared by using Wilcoxon signed-rank tests (n = 10). The symbol x in the box-whisker plot indicates an

outlier.
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Fig. 6. Comparisons of renal function between the intact and denervated sides.

A. Urine creatinine concentration. B. Urine sodium concentration. C. Creatinine clearance (C¢,). D. Fractional excretion of

sodium (FEy,). Data are summarized from 9 rats
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Fig. 7. Effects of experimental conditions on the pressure-diuresis relationship.

A, B. Effects of the step duration on the slope of the pressure-diuresis relationship (n = 5 each). C, D. Scatterplots of the
slope of the pressure-diuresis relationship versus the days after renal denervation procedure. The slope of the regression line

(dotted line) was not statistically different from zero in either intact or denervated side
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Fig. 8. Open-loop static characteristics of the carotid sinus baroreflex in rats with unsuccessful renal denervation.

A. Total reflex arc representing the relationship between carotid sinus pressure (CSP) and systemic arterial pressure (SAP).
B. Baroreflex-mediated heart rate (HR) control. C. Neural arc representing the relationship between CSP and sympathetic
nerve activity (SNA). D. Peripheral arc representing the relationship between SNA and SAP. Data points are means + SE (n
= 4). In each panel, the dotted line duplicates the data from rats with successful renal denervation shown in Fig. 4.
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Fig. 9. Comparisons of urine flow between the intact and denervated sides in rats with unsuccessful renal
denervation.

A. Mean regression lines indicating the relation of urine flow (UF) versus systemic arterial pressure (SAP). B. Minimum UF.
C. Maximum UF. D. UF at the operating-point pressure (OP) determined from the baroreflex equilibrium diagram.

Statistical analyses were not performed due to the small number of samples (n = 4).
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Summary

Although renal denervation (RDN) is explored as a new therapy for drug-resistant hypertension, its effects
show large inter-individual variability. To identify possible responders beforehand, we need to understand
mechanisms behind the hypotensive effect of RDN. During hypotensive stress such as acute bleeding, a
reduction of systemic arterial pressure (SAP) causes a reflex increase in sympathetic nerve activity (SNA). The
reduction of SAP reduces urine output via a pressure diuresis mechanism. The increase in SNA also reduces
urine output via direct renal control. However, an increase in SNA is a cause of some type of hypertension, in
which case the effects of SNA and SAP on urine output could be antagonistic. We examined if an increase in
SNA reduces urine output when SAP increases following changes in SNA, by using a baroreceptor isolation
procedure in anesthetized rats with unilateral RDN. In our experimental setting, SAP increased with SNA. The
relationship between SAP and urine output showed a positive slope in the intact side, which suggests that the
pressure diuresis mechanism was stronger than the urine output reduction via the direct renal control by SNA.
Nevertheless, the slope was significantly greater in the denervated than the intact side, which suggests that the
renal SNA counteracted the pressure diuresis mechanism to a certain extent. Renal function estimated by
creatinine clearance and fractional sodium excretion did not differ significantly between the intact and denervated
sides. The RDN increased urine flow at the operating-point, which suggests that urine output could be
maintained at a lower SAP pressure after RDN. The results may explain a previous finding that bilateral RDN
caused hypotension but did not affect the water balance or the sodium balance in conscious rats.  Further studies

are required to elucidate the relative effect of the renal neural control versus the pressure diuresis in hypertension.



