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Abstract

The mesenteric vascular bed, which is located in abdominal lumen, contains much of resistance arteries and
affects changes in total blood pressure. It is widely accepted that the tone of rat mesenteric arteries is maintained
by neuronal function including adrenergic vasoconstrictor nerves and calcitonin gene—related peptide (CGRP)
vasodilator nerves and endothelium function. The use of disease models developed genetically in mice is expect-
ed to clarify neural function of mesenteric perivascular nerves. Thus, in the first chapter, we investigated to pre-
pare perfused mesenteric vascular beds of the mouse and analyze perivascular-mediated vascular responses to
clarify perivascular neuronal function of mouse mesenteric arteries.

Mesenteric vascular beds isolated from male C 57 BL/ 6 mouse were perfused with Krebs solution and perfu-
sion pressure was measured. Periarterial nerve stimulation (PNS, 8 — 24 Hz) induced frequency-dependent vaso-
constriction, which increased flow rate—dependently. PNS-induced vasoconstriction was abolished by tetrodotox-
in (neurotoxin) and guanethidine (adrenergic neuron blocker) and blunted by prazosin (o I -adrenoceptor antag-
onist). Injection of norepinephrine caused vasoconstriction, which was abolished by prazosin. In preparations
with active tone, PNS (1 —8 Hz) induced frequency-dependent vasodilation, which was inhibited by tetrodotox-
in, capsaicin (CGRP depletor), and CGRP8-37 (CGRP-receptor antagonist) . Injections of CGRP, acetylcholine,
and sodium nitroprusside induced vasodilations. Vasodilator response to CGRP was inhibited by CGRP 8-37.
Immunohistochemical study showed innervation of tyrosine hydroxylase- and CGRP-immunopositive fibers in
mesenteric arteries and veins. In preparations with active tone in the presence of guanethidine, injections of ace-
tylcholine, A 23187, and sodium nitroprusside (SNP) caused a concentration-dependent decrease in perfusion
pressure due to vasodilation. The vasodilator responses to acetylcholine and A23187, but not SNP, were abol-
ished by endothelium dysfunction and significantly inhibited by and tetraethylammonium (K*-channel inhibitor).
Indomethacin (cyclooxygenase inhibitor) significantly blunted only A 23187 -induced vasodilation, while
18 a-glycyrrhetinic acid (gap-junction inhibitor) attenuated only acetylcholine-induced vasodilation. These
results suggest that the preparation of male mouse mesenteric vascular beds is useful for studying neural regula-
tion. Moreover, the endothelium in mouse mesenteric arteries regulates vascular tone by prostanoids, EDHF, and

partially by nitric oxide, different from the endothelium of rat mesenteric arteries.



It is reported that chronic hyperinsulinemia included by drinking fructose elicited an abnormal neuronal regula-
tion of vascular tone, which contributed to be development of hypertension. This study in the second chapter, to
clarify the mechanism underlying the dysfunctional neuronal regulation of vascular tone in the chronic hyperinsu-
linemia and /or insulin resistance in Otsuka Long-Evans Tokushima Fatty (OLETF) rats and compared with age-
matched control Long-Evans Tokushima Otsuka (LETO) rats. Insulin, triglyceride, and total cholesterol levels in
plasma, blood glucose concentrations, a glucose-insulin index, systolic blood pressure, and perivascular innerva-
tions were assessed using biochemical and immunohistochemical methods. Mesenteric vascular beds isolated
from OLETF and LETO rats were perfused with a Krebs solution containing methoxamine, and changes in perfu-
sion pressure in response to PNS and the perfusion of vasoactive agents were measured. OLETF rats (8 to 25
weeks old) showed age-related increases in insulin, triglycerides, total cholesterol, blood glucose, the glucose-
insulin index (Homeostasis model assessment ratio (HOMA-R)) and systolic blood pressure compared with
LETO rats. In perfused mesenteric vascular beds, the PNS-induced adrenergic nerve-mediated vasoconstrictor
responses in OLETF rats were significantly greater than those in LETO rats, whereas the PNS-induced calcitonin
gene-related peptide (CGRP) nerve-mediated vasodilator responses in OLETF rats were significantly smaller
than those in LETO rats. In immunohistochemical experiments, the density of CGRP-immunopositive nerves in
the mesenteric arteries of OLETF rats decreased significantly with age. These results suggest that the abnormal
innervation of perivascular nerves in mesenteric resistance arteries induced by chronic hyperinsulinemia disturbs
the neuronal regulation of vascular tone and may cause hypertension in OLETF rats.

At the end of chapter, I conclude that these studies are useful to analyze component of lifestyle-related disease
including diabetes mellitus and hypertension, mechanisms of vascular tone, to develop new agents through apply-
ing the new method of perfusion with mouse mesenteric vascular beds to various pathological models of mouse.
Keywords: mesenteric vascular bed, calcitonin gene—related peptide, endothelium- dependent vasodilation,

perivascular innervation, insulin resistance
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Fig. 1 Determination of optimal flow rate based on PNS-induced responses in male mouse perfused mesenteric
vascular beds. A typical recording (A) showing PNS-induced vasoconstriction of a flow rate of 1 — 5 mL/
min. A line graph (B) shows PNS-induced vasoconstrictor response. Each point indicates the mean + S.E.M.
*P <0.05 compared with 1 mL/min group using a two-way ANOVA and Bonferroni’s multiple test.
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Fig. 2 Bar graphs showing the effect of tetrodotoxin (0.5 uM) (A), guanethidine (5 uM) (B) and prazosin (5 uM)
(C) on vascular responses induced by periarterial nerve stimulation in male mouse perfused mesenteric
vascular beds with resting tension. Each bar indicates the mean + S.E.M. *P < 0.05, **P < 0.01, compared

with no treatment.
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Fig. 3 Bar graphs showing effect of tetrodotoxin (0.5 uM) (A ), capsaicin treatment (10 uM) (B), CGRP8-37 (1
uM) (C) on vascular responses to periarterial nerve stimulation in male mouse perfused mesenteric
vascular beds with active tone. Each bar indicates the mean + S.E.M. *P < 0.05, **P < 0.01, compared with

no-treatment.

3. SRPEHLRRAL AR

IS THHE O 53 Al & SRR LA ARET L 724628, 7 v b O L EARICSCIEAIRE |28 3 5 TH SR
PERRAE 3 & U CGRP 90.3% [ VERRARE A I 5 PH 2 48 HARIZHUD & < XD MR I L T\ b Z & )3
g7z (Fig. 4)o

o



TH-LI CGRP-LI

Fig. 4 Immunohistochemical images showing adrenergic tyrosine hydroxylase (TH)-like immunoreactive (LI)—

and CGRPergic CGRP-LI-containing nerve fibers in male mouse mesenteric arteries. Horizontal bars
indicate 50 um.
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Fig. 5 Effect of the nitric oxide synthase inhibitor Indomethacin (1 uM), tetraethylammonium (TEA; 5 mM) and
18a-glycyrrhetinic acid (18a-GA; 100 nM) on vasodilator responses to injections of acetylcholine (ACh),
sodium nitroprusside (SNP) and Ca2* ionophore (A23187) in mouse perfused mesenteric vascular beds

with an intact endothelium and active tone. Each bar indicates the mean + S.E.M. *P < 0.05, **P < 0.01,
compared with the no-treatment group.
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Fig. 6 Line graphs showing changes in blood glucose levels, plasma insulin levels, the glucose-insulin index, and
systolic blood pressure in Otsuka Long-Evans Tokushima Fatty (OLETF) and Long-Evans Tokushima
(LETO) rats at 8 and 25 weeks of age. Each point indicates the mean + s.e.m. from five to seven rats. *p
<0.05, **p < 0.01 vs. age-matched LETO rats.
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Fig. 7 Vasoconstrictor responses to perivascular nerve stimulation (PNS) (a and b; 4-12 Hz) and injections of
noradrenaline (NA) (¢ and d; 5 and 10 nmol) in perfused mesenteric vascular beds isolated from Long—
Evans Tokushima Otsuka (LETO) and Otsuka Long—Evans Tokushima Fatty (OLETF) rats at 8 (8w; A
and C) and 25 (25w; B and D) weeks of age. Open and closed bars indicate LETO rats and OLETF rats,

respectively. Each bar indicates the mean + s.e.m. for four to five experiments. MPP, mean perfusion
pressure.
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Fig. 8 Vasodilator responses to perivascular nerve stimulation (PNS) (a and b; 2-8 Hz) and injections of

calcitonin gene-related peptide (CGRP) (¢ and d; 25-100 pmol) in perfused mesenteric vascular beds
isolated from Long—Evans Tokushima Otsuka (LETO) and Otsuka Long—Evans Tokushima Fatty (OLETF)
rats at 8 (8w; A and C) and 25 (25w; Band D) weeks of age. Open and closed bars indicate LETO rats and
OLETEF rats, respectively. Each bar indicates the mean =+ s.e.m. for four to five experiments.
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Fig. 9 Bar graphs showing vasodilator responses to injections of acetylcholine (ACh) (a and b; 10-100 pmol) and
sodium nitroprusside (SNP) (c and d; 100 and 1000 pmol) in perfused mesenteric vascular beds isolated
from Long—Evans Tokushima Otsuka (LETO) and Otsuka Long—Evans Tokushima Fatty (OLETF) rats at

8 (8w) and 25 (25w) weeks of age. Open and closed bars indicate LETO rats and OLETF rats,
respectively. Each bar indicates the mean + s.e.m. for four to five experiments.
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Fig. 10 Typical images (a and b) and bar graph showing number (c) of neuropeptide Y (NPY)-like immunore-
activity (LI)-containing nerve fibers in small mesenteric arteries isolated from Long-Evans Tokushima
Otsuka (LETO) rats and Otsuka Long-Evans Tokushima Fatty (OLETF) rats at 8 (8W) and 25 (25W)

weeks of age. The scale bar = 100 um in the left lower corner of each image. Each bar indicates the mean
+ s.e.m. for five experiments.
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Fig. 11 Typical images (a and b) and bar graph showing number (c) of calcitonin gene-related peptide (CGRP)
-like immunoreactivity (L)-containing nerve fibers in small mesenteric arteries isolated from Long-Evans
Tokushima Otsuka (LETO) rats and Otsuka Long-Evans Tokushima Fatty (OLETF) rats at 8 (8W) and

25 (25W) weeks of age. The scale bar = 100 um in the left lower corner of each image. Each bar indi-
cates the mean + s.e.m. for five experiments.
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