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Role of Angiontensin Receptors on Remodeling Perivascular Nerves
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The aim of this study was to investigate age-related changes in the density of calcitonin gene-related peptide
(CGRP) -containing nerve fibers in spontaneously hypertensive rats (SHR) and the effects of long-term inhibition of the
renin-angiotensin system on these changes. An age-related decrease in the density of CGRP-like immunoreactive (LI)-
containing nerve fibers but not neuropeptide Y (NPY) -LI-containing sympathetic nerve fibers was found in the mesen-
teric artery of SHR but not Wistar-Kyoto rats (WKY) . The density of NPY-LI-containing nerve fibers was significantly
greater in SHR than in WKY. SHR were treated for 7 weeks with angiotensin-converting enzyme inhibitor (0.005%
temocapril) , angiotensin II type-1 (AT1) receptor antagonist (0.025% losartan), or vasodilator (0.01% hydralazine)
in their drinking water. Each drug treatment significantly lowered the systolic blood pressure measured using the tail-cuff
method. Long-term treatment of SHR with temocapril and losartan significantly increased the density of CGRP-LI-con-
taining nerve fibers in mesenteric arteries. Furthermore, to clarify the effect of the angiontensin II type—2 (AT2) receptor
in the restoration of perivascular nerve innervation, we used the phenol-injured rat model, in which the perivascular
nerves are markedly reduced by the topical application of phenol. Activation of AT2R significantly restored CGRP-LI
innervation in phenol-injured rats. These results suggest that selective stimulation of AT2 receptors facilitates reinnerva-
tion of mesenteric perivascular CGRP-containing nerves.

Key words——hypertension; angiotensin II type 2 receptor; renin-angiotensin system; calcitonin gene-related peptide;
nerve regeneration
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Table 1. Age-related Changes in Systolic Blood Pressure of
SHR and WKY

4 weeks 8 weeks 15 weeks 22 weeks
old old old old
(n=6) (n=6) (n=6) (n=5)
mmHg mmHg mmHg mmHg

SHR 113.0+7.5 172.0+4.9* 197.3£1.5% 201.9+3.6*
WKY 98.7+£8.3 100.0+4.7 107.0+3.2  127.3£6.9

Values are mean+S.E.M. *p<{0.01 vs. WKY.
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Fig. 1. Age-related Changes in Density of Perivascular Nerve
Fibers in WKY and SHR

Bar graphs showing age-related changes in density of calcitonin gene-
related peptide (CGRP)-like immunoreactive (LI)-(A) and neuropeptide-Y
(NPY)-LI-(B) containing nerve fibers in the mesenteric arteries of 4, 8, 15,
22 week-old SHR and WKY. The vertical scale indicates the fold increase
over the value in the 15-week-old SHR. Each bar indicates mean =S.E.M. of
5-6 rats. *p<<0.01 vs. WKY. '/p<<0.01 vs. 4 week-old SHR.
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Fig. 2. Changes in Systolic Blood Pressure

Changes in systolic blood pressure (SBP) after 7-week treatment with
various anti-hypertensive drugs in SHR. Each point indicates the mean+
S.E.M. of 5 rats. *p<{0.01 vs. non-treated SHR (Control).
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Fig. 3. Changes in Density of CGRP-LI Nerve Fibers

Effect of 7-week treatment with temocapril (B), losartan (C) or
hydralazine (D) on the density of CGRP-like immunoreactive (LI)-contain-
ing nerve fibers in the mesenteric arteries of SHR. A horizontal bar in the left
lower corner of each panel indicates 100 um. In E, the vertical scale indicates
the fold increase over the value in non-treated SHR. Each bar indicates the
mean+S.E.M. of 5 experiments. *p<{0.01 vs. non-treated SHR (Control,
A).
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Fig. 4. Phenol Treatment Protocol

Illustrating shows phenol treatment protocol. Briefly, under anesthesia
with sodium pentobarbital (50 mg/kg, i.p.), an abdominal midline incision
was made in the animals, and the superior mesenteric artery proximal to bi-
furcation from the abdominal aorta was carefully exposed and topically
painted with 10% phenol solution (in 90% alcohol-saline) using a cotton
bud. To examine the influence of the operation, sham-operated rats under-
went the same surgical procedures but with painting with vehicle (saline or 90
% alcohol without including phenol) instead of phenol solution.
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Fig. 5. Changes in Density of Perivascular nerve Fibers by
Phenol Treatment
Bar graphs showing changes in the density of NPY-LI- and CGRP-LI-
containing nerve fibers in distal mesenteric arteries after topical phenol treat-
ment of the superior mesenteric artery. The vertical scale indicates the fold
increase over the value in the sham control. Each bar indicates mean+
S.E.M. of five to eight experiments. *p<(0.05 vs. sham control.
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