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Nitric oxide ~ ! - 1
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iz, Fio, MENGBMREE~ODaIE—L X
BHTFHLEZ IV T AP TEYEEIC
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Two-week Oral Treatment with Candesartan or Amlodipine Reduced the Linear and
Increased the Nonlinear Correlation of Sympathetic Nerve Activity with

Blood Pressure in Conscious Hypertensive Rats

Toshiko Onami*, Hiroo Kumagai*, Katsufumi Sakata*, Motohisa Osaka**,

Chie Takimoto*, Kamon ligaya* and Takao Saruta*

*Department of Internal Medicine, Keio University School of Medicine, Tokyo, Japan

**Institute of Gerontology, Nippon Medical School, Kawasaki, Japan.

Objective: Patients with reduced nonlinear component
of heart rate regulation show a poor prognosis. We
previously reported that the linear correlation between
renal sympathetic nerve activity (RSNA) and blood pres-
sure (BP) or RSNA and renal blood flow (RBF) was sig-
nificantly higher and the nonlinear correlation was lower
in spontaneously hypertensive rats (SHR) than in Wis-
tar-Kyoto rats. In the present study, we examined
whether the linear and nonlinear correlation between
RSNA and BP or RBF would change in SHR orally
treated with angiotensin II receptor blocker (candesar-

tan) or calcium channel blocker (amlodipine) for 2 weeks.

Also, to elucidate mechanisms underlying the reduced
linearity by amlodipine, we examined whether the linear
and nonlinear correlation between RSNA and BP or RBF
would change in SHR treated with amlodipine and L-
NAME orally for 2 weeks.

Methods: By recording BP, RSNA, heart rate, and ipsi-
lateral RBF simultaneously in conscious state, we com-
pared the linear (coherence of transfer function) and
nonlinear (mutual information method) correlations
among RSNA, BP and RBF in SHR treated with drugs.
< Protocol 1> Candesartan (1mg/kg/day, n=13), am-
lodipine (5mg/kg/day, n=7) or vehicle (n=7) was given
orally for 2 weeks to SHRs.
< Protocol 2> Combination of amlodipine (5mg/kg/day)
and L-NAME (1.5mg/kg/day, n=9), amlodipine (5mg/kg/
day, n=7), or vehicle was given orally for 2 weeks to

SHRs.

Resuilts: <Protocol 1>Mean RSNA was significantly
decreased in the candesartan group despite lower BP and
larger RBE, whereas RSNA did not decrease in the am-
lodipine group. The coherence between RSNA and BP or
between RSNA and RBF at 0-1.0 Hz was significantly
reduced in both candesartan and amlodipine groups com-
pared with vehicle group. In contrast , mutual informa-
tion of the correlation between RSNA and BP or RSNA
and RBF increased in both candesaratan and amlodipine
groups. <Protocol 2> The coherence between RSNA
and BP or RBF was significantly higher and mutual in-
formation was lower in SHR treated with amlodipine plus
L-NAME compared with SHR treated with only amlodip-
ine.

Conclusions: The data regarding candesartan suggest
that blockade of the renin-angiotensin system and sym-
pathetic nervous system contributes to the reduced line-
arity and increased nonlinearity. However, since this is
not the case with amlodipine, increased nitric oxide con-
tributed to the improved neural regulation by the calcium
channel blocker. Since potentiated sympathetic nerve
activity and high linearity/low nonlinearity are risk fac-
tors for cardiovascular events, drugs that reduce sympa-
thetic nerve activity and normalize the neural regulation
are beneficial to prevent cardiovascular events in hyper-

tensive patients.

Key word : Hypertension, Sympathetic nerve activity, angiotensin II recepter blocker,

Ca channel blocker, nonlinearity, coherence

(Circ Cont 2004; 25:158-68.)
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