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Abstract

Aim: To elucidate the abnormality of vagal control in spontaneously
hypertensive rats (SHR) by measuring left ventricular myocardial intersti-
tial acetylcholine (ACh) release in response to a;-adrenergic stimulation as
an index of in vivo vagal nerve activity.

Methods: A cardiac microdialysis technique was applied to the rat left
ventricle in vivo, and the effect of ay-adrenergic stimulation by medetomi-
dine or electrical vagal nerve stimulation on myocardial interstitial ACh
levels was examined in normotensive Wistar—Kyoto rats (WKY) and SHR
under anaesthetized conditions.

Results: Intravenous medetomidine (0.1 mg kg™') significantly increased
the ACh levels in WKY (from 2.4 + 0.6 to 4.2 + 1.3 nmol L™}, P < 0.05,
7 = 7) but not in SHR (from 2.5 + 0.7 to 2.7 + 0.7 nmol L™, # = 7). In
contrast, electrical vagal nerve stimulation increased the ACh levels in
both WKY (from 1.0 = 0.4 to 2.9 + 0.9 nmol L™', P < 0.001, #» = 6) and
SHR (from 0.9 + 0.2 to 2.2 + 0.4 nmol L', P < 0.001, # = 6). Intrave-
nous administration of medetomidine (0.1 mg kg™') did not affect the
vagal nerve stimulation—induced ACh release in either WKY or SHR.
Conclusion: Medetomidine-induced central vagal activation was impaired
in SHR, whereas peripheral vagal control of ACh release was preserved. In
addition to abnormal sympathetic control, vagal control by the central
nervous system may be impaired in SHR.

Keywords acetylcholine, cardiac microdialysis, medetomidine, rats, vagal
nerve stimulation.
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While enhanced sympathetic nerve activity is one of
major features of essential hypertension (Mancia et al.
1999), abnormality of vagal control is not fully under-
stood, partly owing to the lack of methodology to
directly assess in vivo vagal nerve activity. Although
heart rate (HR) response under sympathetic blockade
may reflect vagal nerve activity in vivo, several factors
are included in the HR response: vagal outflow from
the central system, (ACh)
release from vagal nerve terminals and responsiveness
of HR to ACh. While a study by Salgado et al. (2007)
on the bradycardic response to aortic depressor nerve

nervous acetylcholine

stimulation suggests the reduced parasympathetic con-
trol in spontaneously hypertensive rats (SHR) com-
pared with Wistar-Kyoto rats (WKY), more direct
evidence is necessary to delineate the impairment of
vagal control in SHR.

A previous study from our laboratories using anaes-
thetized rabbits has indicated that intravenous admin-
istration of an «;-adrenergic agonist medetomidine
(Shimizu et al.
2012). In that study, a cardiac microdialysis technique
was applied to monitor the changes in myocardial
interstitial ACh levels in the right atrial wall near the

activates the cardiac vagal nerve
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sinoatrial node. We hypothesized that the medetomi-
dine-induced vagal activation might be impaired in
SHR compared to WKY. To test the hypothesis, we
applied a cardiac microdialysis technique to the rat
left ventricular free wall and compared the effects of
intravenous administration of medetomidine on myo-
cardial interstitial ACh levels in WKY and SHR. Fur-
thermore, to examine whether peripheral vagal
control of ACh release is impaired in SHR, myocar-
dial interstitial ACh release in response to electrical
vagal stimulation was examined in WKY and SHR.

Materials and methods

Surgical preparation

Animal care was conducted in strict accordance with
the Guiding Principles for the Care and Use of Ani-
mals in the Field of Physiological Sciences, which has
been approved by the Physiological Society of Japan.
All protocols were reviewed and approved by the Ani-
mal Subject Committee of National Cerebral and Car-
diovascular Center.

Two main protocols were conducted in male WKY
(300400 g) and SHR (320-380 g) as described in
‘Protocols’ below. Each rat was anaesthetized with an
intraperitoneal injection (2 mL kg™') of a mixture of
urethane (250 mg mL™') and a-chloralose (40 mg
mL '), and mechanically ventilated with oxygen-
enriched room air. Venous catheters were inserted
into bilateral external jugular veins. One venous cath-
eter was used for continuous infusion of a 20-fold
diluted solution of the above anaesthetic mixture
(23mL kg 'h') and Ringer's solution
(5-6 mL kg ! h™'), and the other for the injection of
test drugs. An arterial catheter was inserted into the
right common carotid artery to measure the arterial
pressure (AP) and HR. In Protocol 2, the vagi were
sectioned at the neck, and a pair of stainless steel wire
electrodes (Bioflex wire, AS633; Cooner Wire, Chats-
worth, CA, USA) was attached to the distal segment
of the sectioned nerve bilaterally for efferent vagal
nerve stimulation. The nerves and electrodes were
secured and insulated with silicone glue (Kwik-Sil;
World Precision Instruments, Sarasota, FL, USA). The
animal was then placed in a lateral position, and the
left third to fifth ribs were partially resected to expose
the heart. The pericardium was incised and a dialysis
probe was implanted into the lateral free wall of the
left ventricle as shown in Figure 1. Body temperature
of the animal was maintained at around 38 °C by a
heating pad and a lamp. At the end of the experiment,
a postmortem examination confirmed that the dialysis
membrane was not exposed into the left ventricular
cavity.

© 2012 The Authors
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Figure | Schematic diagram of dialysis probe implantation.
The transverse dialysis probe was implanted within the left
ventricular free wall.

Dialysis technique

Dialysate concentration of ACh was measured as an
index of myocardial interstitial ACh level. The materi-
als and properties of the dialysis probe have been
described previously (Akiyama et al. 1994). Briefly, we
designed a straight, transverse dialysis probe consisting
of a dialysis fibre (length, 6 mm; outer diameter,
310 pm; inner diameter, 200 um; PAN-1200, 50 000-
Da molecular weight cut-off; Asahi Chemical, Osaka,
Japan) glued at both ends to polyethylene tubes
(length, 25 cm; outer diameter, 500 um; inner diame-
ter, 200 um). The dialysis probe was perfused with
Ringer’s solution containing a cholinesterase inhibitor
eserine (100 umol L™'; Wako Pure Chemical, Osaka,
Japan). Dialysate sampling was started from 2 h after
probe implantation. In Protocol 1, the perfusion rate
was set at 1 uL min~!. Each sampling period was
20 min, which yielded a sample volume of 20 puL. A
time lag of 10 min was allowed between actual dialy-
sate sampling and collection of the sample into a tube,
taking into account the dead space between the dialysis
membrane and collecting tube. In Protocol 2 and in
the supplemental protocol, to reduce possible tachy-
phylaxis induced by constant vagal nerve stimulation,
the sampling period was halved to 10 min, while the
perfusion rate was doubled to 2 yL min~'. The time
lag between actual dialysate sampling and sample col-
lection was 5 min. The concentration of ACh in the
dialysate was measured using a high-performance
liquid chromatography system with electrochemical
detection (Eicom, Kyoto, Japan) adjusted to measure
low levels of ACh (Shimizu et al. 2009, 2012; Kawada
et al. 2009, 2010).

Protocols

Protocol 1 (n =7 each for WKY and SHR): After
collecting a baseline dialysate sample for 20 min,
medetomidine (0.1 mg kg '; Orion Pharma, Espoo,
Finland) was injected intravenously via the jugu-
lar vein. Medetomidine initially increases AP by

Acta Physiologica © 2012 Scandinavian Physiological Society, doi: 10.1111/].1748-1716.2012.02439.x 73
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did not significantly change ACh. No significant inter-
action effect was detected by two-way aNova, indicat-
ing that medetomidine did not affect the vagal nerve
stimulation-induced ACh, HR or AP response. Under
control conditions before medetomidine administra-
tion, the increase in ACh by vagal nerve stimulation
did not differ significantly between WKY and SHR
(AACh: 1.8 = 0.6 vs. 1.3 = 0.3 nmol L™%, P = 0.46).
The HR decrease induced by vagal nerve stimulation
tended to be greater in SHR than in WKY (AHR:
—51 £ 20 vs. —101 = 12 beats min~", P = 0.06).

In the supplemental protocol (seven dialysis probes
from five WKY rats), electrical vagal stimulation
increased the myocardial interstitial ACh level from

© 2012 The Authors

Med Med+VS baseline VS Med Med+VS

0.7+02 to 3.6+1.2nmol L™' (P <0.01) under
control conditions (Fig. 4, top). Electrical vagal stimu-
lation increased the myocardial interstitial ACh level
from 0.6 £ 0.2 to 3.1 = 1.1 nmol L™! (P < 0.01) dur-
ing the local administration of hexamethonium
through the dialysis probe. There was no statistically
significant difference in the vagal stimulation-induced
ACh release between the control and local hexametho-
nium conditions. After the intravenous administration
of hexamethonium, electrical vagal stimulation did
not increase the myocardial interstitial ACh level
(0.8 £0.3 to 0.7 0.2 nmol L™"). The intravenous
administration of hexamethonium reduced prestimula-
tion HR and abolished the vagal stimulation-induced

Acta Physiologica © 2012 Scandinavian Physiological Society, doi: 10.1111/j.1748-1716.2012.02439.x 75



Central vagal activation in SHR * T Kawada et al

Acta Physiol 2012, 206, 72-79

r

T
6 —fE——— [ #%——

10
————— i ——

—_— 4 d
= 1
i
Q o
Figure 4 Effects of local administration
. of hexamethonium bromide [Cé(local)]
and intravenous administration of hexa-
500 - : » . J methonium bromide [Cé(local+i.v.)] on
= ——#—— . ' , i the electrical vagal stimulation-induced
__E 450 A g ' ACh release in five Wistar-Kyoto rats.
% 400 4 For ACh data, seven dialysate samples
2 from the five rats were analysed. Because
v 350 - intravenous administration of hexame-
T thonium completely blocked the vagal
00 stimulation—induced ACh release, the
200 - ! : 2y 7 ) ACh measured by cardiac microdialysis
' ' — ) was mainly originated from the postgan-
fﬁ 150 4 - — T: 1: glionic vagal nerves. The failure of local
£ 160 e administration of hexamethonium to
E 1 block the ACh release suggests that vagal
% 50 - ganglia were not present nearby the dial-
ysis fibre. Data are presented as mean
- E. P=0. P < 0.01 by Tu-
pre-VS VS pre-VS VS pre-VS VS a“d,s phn Lo L
L [ L J key's test after repeated-measures one-
Control Cé(local) C6(local+iv.) way analysis of variance (aNova).

bradycardia (Fig. 4, middle). The intravenous adminis-
tration of hexamethonium also reduced AP irrespec-
tive of vagal stimulation (Fig. 4, bottom).

Discussion

The present study demonstrated that intravenous
medetomidine increased left ventricular myocardial
interstitial ACh levels in WKY but not in SHR, indi-
cating that medetomidine-induced central vagal activa-
tion was impaired in SHR. Vagal nerve stimulation
increased the ACh levels in both WKY and SHR, sug-
gesting that the peripheral vagal control of ACh
release was preserved in SHR. The results of the sup-
plemental protocol indicated that the myocardial
interstitial ACh measured by cardiac microdialysis in
the rat left ventricle was mainly derived from the post-
ganglionic vagal nerve.

Effects of medetomidine on myocardial interstitial ACh
release

Medetomidine is a racemic mixture of dexmedetomi-
dine and levomedetomidine. Because levomedetomi-
dine has been shown to be physiologically inert
(Kuusela et al. 2000), the effects of medetomidine are
mostly attributable to those of dexmedetomidine. As
expected based on our previous study (Shimizu et al.

2012), medetomidine increased myocardial interstitial
ACh level significantly in the left ventricle in WKY
(Fig. 2). Because oy-adrenergic receptors are densely
distributed in the dorsal motor nucleus of the vagus
and nucleus tractus solitarius (Robertson & Leslie
1985), ws-adrenergic agonists probably activate the
cardiac vagal nerve through the action on these brain-
stem areas. In addition, recent papers indicate that o,-
adrenergic receptor activation inhibits GABAergic
neurotransmission in the nucleus ambiguus so as to
increase the activity of premotor cardioinhibitory
vagal neurones (Philbin et al. 2010), and «;-adrenergic
receptor activation facilitates GABAergic and glyciner-
gic neurotransmission so as to reduce the activity of
cardioinhibitory vagal neurones (Boychuk et al.
2011). In contrast to WKY, the same dose of mede-
tomidine did not affect the ACh level in SHR, suggest-
ing impairment of «,-adrenergic stimulation-induced
central vagal activation in SHR. Although HR was
reduced by medetomidine in both WKY and SHR, no
significant change in ACh level and significant hypo-
tension observed after medetomidine injection in SHR
suggest that the bradycardia observed in SHR was pri-
marily because of sympathetic inhibition rather than
vagal activation.

Intravenous medetomidine had a greater hypoten-
sive effect in SHR than in WKY, indicating that
hypertension in SHR was dependent on sympathetic
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