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Materials and Methods
Echocardiographic measurements of RV and PA hemodynamics
Transthoracic 2-D, M-mode and pulsed-wave Doppler Echo were obtained with a 30
MHz transducer (Vevo 2100 ultrasound system; Primetech Inc). ! M-mode and 2-D
modalities were applied to measure RV free wall thickness during end diastole and RV
wall stress. These images were obtained from the right side of the rat, with the
ultrasonic beam positioned perpendicularly to the wall of the midthird of the RV.
PA diameter was measured at the level of pulmonary outflow tract during midsystole
using the superior angulation of the parasternal short-axis view. M-mode measurements
were performed from “leading edge to leading edge” (epicardial to endocardial) as
recommended by the American Society of Echocardiography.
Pulsed-wave Doppler was used to measure PA acceleration time (PAAT) and PA flow
velocity time integral. The Doppler sample volume was centrally positioned within the
main PA, just distal from the pulmonary valve with the beam oriented parallel to the
flow. The sweep speed for the Doppler flow recordings was 400-800 mm/s. RV ejection
time was measured as the interval from the onset to the end of ejection in milliseconds.
Thereafter, pulmonary artery acceleration time normalized for cycle length, RV systolic
pressure, and pulmonary vascular resistance (PVR) were estimated. Stroke volume (SV),
CO, and cardiac index (CI) were also calculated.
Measurement of lactate dehydrogenase To examine cytotoxicity of intratracheal
treatment of pitavastatin-NP, the activity of lactate dehydrogenase (LDH) in
bronchoalveolar lavage fluid (BALF) and lung tissue homogenates was measured 7
days after MCT administration using an assay kit LDH (Wako Pure Chemical Industries,
Ltd.) according to the manufacturer's instructions in separate series of experiments.
Measurement of biomarkers by multiplex immunoassay Tissue concentrations of
various biomarkers in ling tissue homogenates were measured 7 days after MCT
administration using the Luminex LabMAP instruments (Table III), which was ordered
to biomarker analysis services of Charles River Inc
(http://www.criver.com/en-US/ProdServ/By Type/Discovery/Pages/PlasmaBiomarkerAn
alysis.aspx). '

1. Urboniene D, Haber I, Fang YH, Thenappan T, Archer SL. Validation
of High-Resolution Echocardiography and Magnetic Resonance
Imaging Versus High-Fidelity Catheterization in Experimental
Pulmonary Hypertension. Am JJ Physiol Lung Cell Mol Physiol.
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Table S1. Echocardiographic characteristics of untreated control and MCT-induced
PAH rats in prevention study

MCT-induced PAH

untreated PBS FITC NP Pitava alone  Pitava-NP
parameters control

Cardiac output (mL/min) 120+ 17 97 +£21 104 £20 102 £20 113 £16
Stroke volume (mL) 0.29+0.04 0.24+0.05 0.26+£0.06  0.26+0.05 0.284+0.05
Heart rate 412 +£26 408 +£36 399 +£39 397 £32 405 £25
(beats per minute)
PAAT/cl (x 100) 18 +1 7 £1* 7 1% 7 1% 12 £1*f
eRVSP (mmHg) 20 £3 65 £11* 66 £9* 62 £7* 41 &5 *¥

PVR (mmHg/ml/min) 0.12+0.02  0.46+£0.20* 0.43+0.12* 0.40+0.01* 0.24 £0.05*F

RV wall thickness (mm)  0.64 £0.05* 1.16 +£0.14* 1.05+0.10* 0.97 +£0.06*  0.88 £0.09%+
RV wall stress 2045 48 +£19%* 56 £26* 48 £12%* 24 £87F

Data are the mean+ SEM (n=6 each).

*P< 0.05 versus untreated control group

T P<0.05 versus PBS group.

Abbreviations: PAAT/cl = normalized pulmonary artery acceleration time; eRVSP =
estimated RV systolic pressure; PVR = pulmonary vascular resistance.
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Table S2. Lactate dehydrogenase activity in cell-free bronchial lavage fluid and lung
tissue homogenates 7 days after monocrotaline administration

monocrotaline
Untreated PBS FITC NP Pitava alone Pitava NP
Sample sites control group group group group
bronchial lavage fluid
(IU/mL) ND ND ND ND ND
Lung tissue
(IU/ng protein) 8.6+£3.4 2.8+1.1 10.9+6.0 5.7+4.6 11.8+4.9

Data are the mean+ SEM (n=6 each). ND = not detected (under limit of detection).
There is no significant difference (P=0.56) among 5 groups by one-way ANOVA.
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Table S3. Cytokines and other proteins in lung tissue homogenates 7 days after
monocrotaline administration

Untreated PBS FITCNP  Pitavaalone Pitava NP
parameters unit control group group group group
Apo Al pg/mg  0.14+0.05 0.10+£0.03 0.09+0.01 0.10+0.01 0.10+0.01
CD40 pg/mg N.D. N.D. N.D. N.D. N.D.
CD40 Ligand pg/mg 43+16 34+14 25+3 30+8 39+13
CRP ug/mg 1.3£0.3 1.240.2 1.3£0.4 1.3+0.2 1.6+0.2
ET-1 pg/mg 61£36 67+29 61+18 64=+15 5615
Eotaxin pg/mg 49+12 53£15 40+8 45+17 63+11

EGF mouse pg/mg  0.54+0.21 0.55+0.21 0.40+0.08 0.44+0.09 0.44+0.07

Factor VII ng/mg  0.53+0.12 0.58+0.17 0.47£0.07 0.48+0.07 0.53%0.08

FGF-9 ng/mg  0.10+0.02 0.09+0.03 0.07+0.01 0.08+0.01 0.08+0.03
FGF-basic ng/mg  0.21+0.04 0.21+0.06 0.17+0.04 0.22+0.04 0.24+0.04
GCP-2 Rat pg/mg 6.5+1.6 7.4+3.2 6.7+1.3 8.1+1.0 7.6+7
GM-CSF pg/mg N.D. N.D. N.D. N.D. N.D.

Haptoglobin  pg/mg  0.80+0.30 1.13£0.40 1.04+0.26 1.19+£0.12 1.18+0.25

IFN-gamma  pg/mg  0.12+0.06 0.24+0.09 0.23£0.10 0.18+0.07 0.18+0.05

IP-10 pg/mg 1.7+0.3 2.2+1.0 1.7+£0.3 1.7£0.5 2.1+0.8
IL-1 alpha pg/mg 5.3+4.8 9.747.1 4.6+1.0 7.8£2.9 5.7£3.3
IL-1 beta ng/mg N.D. N.D. N.D. N.D. N.D.
1L-10 pg/mg 3.1+1.5 2.5¢1.5 1.4+0.8 1.8+0.3 1.94+0.9
IL-11 pg/mg 9.8+£5.6 6.1+1.6 6..1+4.8 5.9+1.0 6.8+2.0
IL-12p70 pg/mg 1.5+0.4 1.3+0.4 1.2+0.4 1.0+0.1 1.24+0.4
IL-17A pg/mg  0.2+0.04 0.2+0.09 0.2+0.05 0.2+0.05 0.2+0.02
1L-18 ng/mg 0.2+0.1 0.2+0.1 0.2+0.1 0.240.0 0.2+0.1
1L-2 pg/mg 1.7+0.7 1.4+1.1 0.6+0.3 0.840.6 0.9+0.7
IL-3 pg/mg 1.1£0.5 0.9+0.3 0.9+0.4 0.7+0.3 0.8+0.2
1.4 pg/mg N.D. N.D. N.D. N.D. N.D.
IL-5 ng/mg N.D. N.D. N.D. N.D. N.D.
IL-6 pg/mg N.D. N.D. N.D. N.D. N.D.
IL-7 pg/mg 3.9+0.7 3.5+£2.0 3.4+0.8 3.0+0.3 3.2+0.6
LIF pg/mg  33.9+9.8 38.3+£12.5 29.94+4.3 31.6+4.1 35.7+6.1
Lymphotactin pg/mg 1.7+0.4 2.0+0.7 1.8+0.3 1.6+0.1 1.78+0.4

MIP-lalpha  ng/mg  0.05+0.02 0.06+0.02 0.05+0.01 0.05+0.00 0.05+0.01

MIP-1beta pg/mg  26.7£7.6 36.8£13.2 30.9+13.2 27.1+£5.2 28.245.8

MIP-2 pg/mg  1.7+1.0 1.3+0.3 1.5+0.5 1.8+0.9 1.8+0.5
MIP-3 beta ng/mg 0.1+0.0 0.2+0.1 0.1+0.0 0.2+0.0 0.2+0.0
MDC pg/mg 14+5 11+3 12+1 15+5 1543
MMP-9 pg/mg 16+3 13+6 1343 1443 13+3
MCP-1 pg/mg 14+2 17+4 17+4 16+4 20+4
MCP-3 pg/mg 12+£3 14+4 1343 13+£3 164
MPO ng/mg 26412 25+14 15+4 15+5 26+6
Myoglobin ng/mg 109+26 157+130 138+67 135+£54 133+69
OSM pg/mg 942 11+3 0+] 940.001 1042
SAP pg/mg 0.007+0.002 0.007+0.002 0.006+0.001 0.008+0.001 0.008+0.001
SGOT ug/mg N.D. N.D. N.D. N.D. N.D.
SCF pg/mg 9204509 404+71 4214143 603+440 531+110
RANTES pg/mg  0.82+0.51 0.55+0.35 0.56+0.50 0.56+0.31 0.56+0.25
TPO ng/mg  0.41+0.09 0.39+0.15 0.32+0.11 0.23+0.14 0.27+0.08
TF ng/mg  0.15+0.03 0.15+0.05 0.15+0.03 0.14+0.03 0.14+0.04
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TIMP-1 pg/mg 4+8 3.8+1.2 3.6+0.8 3.5+0.5 3.6£0.6

TNF-alpha ng/mg 2.4+0.5 2.7+0.7 2.3+0.5 2.1£0.2 2.2+0.5
VCAM-1 ng/mg 4.8£1.0 5.4+1.8 5.2+1.0 5.2+0.9 5.8+0.7
VEGF-A pg/mg 7494297 759+281 9244317 791181 689+214
vWF ng/mg 0.6=0.2 0.5+0.2 0.4+0.1 0.5+0.1 0.5+0.1

Data are mean = SEM (n= 6 each).

Multiplex immunoassay were peformed using the Luminex LabMAP instruments.

Apo Al (Apolipoprotein A1), CD (cluster of differentiation), CRP (C Reactive Protein),
EGF (Epidermal Growth Factor), FGF-9 (Fibroblast Growth Factor-9), FGF-basic
(Fibroblast Growth Factor-basic), GCP-2 (Granulocyte Chemotactic Protein-2),
GM-CSF (Granulocyte Macrophage-Colony Stimulating Factor), GST-a (Glutathione
S-Transferase alpha), IFN-g (Interferon-gamma), IgA (Immunoglobulin A), IL
(Interleukin), IP-10 (Inducible Protein-10), LIF (Leukemia Inhibitory Factor), MCP
(Monocyte Chemoattractant Protein), MDC (Macrophage-Derived Chemokine), MIP
(Macrophage Inflammatory Protein), MMP-9 (Matrix Metalloproteinase-9), MPO
(Myeloperoxidase), OSM (Oncostatin M), RANTES (Regulation Upon Activation,
Normal T-Cell Expressed and Secreted), SAP (Serum Amyloid P), SCF (Stem Cell
Factor), SGOT (Serum Glutamic-Oxaloacetic Transaminase), TIMP-1 (Tissue Inhibitor
of Metalloproteinase Type-1), TNF-a (Tumor Necrosis Factor-alpha), TPO
(Thrombopoietin), VCAM-1 (Vascular Cell Adhesion Molecule-1), VEGF (Vascular
Endothelial Cell Growth Factor), vWF (von Willebrand Factor). N.D. (Not Detected).
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Figure S1, Chen L, ef al.
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Figure S1. Localization of FITC alone and FITC-NP post-instillation in the rat lung.
A, Fluorescent micrographs of cross-sections from lung instillated with FITC alone
and FITC-labeled NP on day 3 post-instillation. Nuclei were counterstained with
propidium iodide (red). Scale bars: 200 pm and 20 um.

B, Micrographs of cross-sections stained immunohistochemically against FITC from
lung instillated intratracheally with FITC-NP on days 14 post-instillation.
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Figure S2, Chen L, et al.
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Figure S2. Effects of oral treatment of pitavastatin on right ventricular (RV)
systolic pressure 3 weeks after MCT injection. Data are mean + SEM (n=6

each).
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Figure S3, Chen L, e al.
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Figure S3 Effect of pitavastatin-NP on NF-«xB activation of monocyte cell line
(RAW cells)

Effects of pitavastatin-NP on LPS-stimulated activation of NF-«xB (ELISA-
based DNA binding assay against NF-kB p65 subunit: arbitrary unit). Data are
mean = SEM (n= 6 each).
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Figure S4, Chen L, et al.

FBS-induced proliferation of human pulmonary
artery SMC (% of control)
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Figure S4. Effects of pitavastatin-NP versus pitavastatin on FBS-induced
proliferation of human PASMCs (cell count per well). Data are mean = SEM (n
= 6 each).
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Figure S6, Chen L, et al.
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Figure S6. Effects of pitavastatin-NP on iNOS protein expression

A, Representative micrographs of lung tissues stained immunohistochemically for
iNOS.

B, Effects of pitavastatin-NP on infiltration of iNOS-positive cells 21 days after
MCT injection. Data are mean =SEM (n = 6 each).
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A Case of Multiple Focal Nodular Hyperplasia in the Liver
Which Developed after Heart Transplantation

Takeo Fujino, Mari Nishizaka, Takeo Yufu and Kenji Sunagawa

Abstract

An 18-year-old woman, who had undergone cardiac allograft transplantation, developed continuous back
pain two months after surgery. Abdominal computed tomography showed multiple enhanced lesions in her
liver, which were not present before transplantation. One tumor bulged from the surface of the liver and com-
pressed the stomach. Partial resection of the liver was performed and her symptoms improved. The pathologi-
cal diagnosis was focal nodular hyperplasia (FNH). To our knowledge, this is the first report of multiple
FNH after heart transplantation. Transplant clinicians may need to keep this possibility under consideration

following heart transplantation.

Key words: heart transplantation, complications, multiple focal nodular hyperplasia

(Intern Med 50: 43-46, 2011)
(DOI: 10.2169/internalmedicine.50.4282)

Introduction

Focal nodular hyperplasia (FNH) is a benign liver tumor,
which is often seen in young women. However, multiple
FNH is rare. The pathogenesis of FNH is not well under-
stood. There are many possible complications we should be
aware of following heart transplantation. Here we present
the first case, to our knowledge, of development of multiple
FNH after heart transplantation. The current case is instruc-
tive and indicates that we should keep this possibility under
consideration if new liver lesions were detected after heart
transplantation.

Case Report

An 18-year-old female cardiac allograft recipient was re-
ferred to our hospital for suspected rejection six months af-
ter transplant. She underwent transplantation in January
2008 for uncontrollable right ventricular (functional left ven-
tricular) dysfunction due to corrected transposition of the
great arteries, status post Rastelli operation, tricuspid valve
replacement, and cardiac resynchronization therapy (CRT).
She had been taking oral contraceptives for about two years
since menarche until heart transplantation to prevent anemia

that could worsen heart failure. After the transplantation sur-
gery, she started taking oral immunosuppressant agents in-
cluding prednisolone 10 mg per day, mycophenolate mofetil
500 mg per day, and cyclosporine A, the trough concentra-
tion of which was regularly monitored to be maintained in
the range of 160-240 ng/mL.

In March 2008 she developed continuous back pain. Os-
teoporotic bone disease was excluded. Steroid pulse therapy
was given on suspicion of acute rejection, but her symptom
did not improve. Therefore, in July, she was referred to our
hospital for further investigation.

Physical examination did not show any abnormal find-
ings, such as eczema, rush or abdominal pain. Her blood
tests, chest X-ray, electrocardiogram, and cardiac echocar-
diography did not suggest the cause of her symptom. Car-
diac catheterization revealed almost normal hemodynamics.
Her coronary arteries were intact without any vasculopathy
on coronary angiography and intravascular ultrasonography.
Endomyocardial biopsy did not explain her symptom either
with the tissue showing minimum cellular rejection Grade 1
R by Standardized Cardiac Biopsy Grading (1).

During her evaluation, abdominal computed tomography
(CT) showed multiple enhanced lesions in the liver, which
had not been seen prior to heart transplantation in March
2004 (Fig. 1A, 1B). Central scars were not apparent in the
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Figure 1. A: Computed tomography of the liver did not show any distinct lesions four years before
heart transplantation. B: Computed tomography showed multiple lesions (arrows) seven months af-
ter heart transplantation. C: Computed tomography showed a distinct tumor in the left lateral seg-
ment of the liver (arrow). D: Endoscopic findings of the stomach; the tumor bulged from the surface
of the liver and compressed the stomach (circle).

lesions. We considered magnetic resonance imaging (MRI),
which is considered to be more informative for the differen-
tial diagnosis of liver tumors (2). However, as the leads of
CRT-defibrillator (CRT-D) were still in her vein, MRI was
not possible.

One tumor in the left lateral segment bulged from the sur-
face of the liver and compressed the stomach (Fig. 1C, 1D).
Since it was suspected to be related to her back pain and
because there was fear of rupture and possible malignancy
(including posttransplant lymphoproliferative disease), par-
tial resection of the liver was performed in October 2008
(Fig. 2A, 2B). The pathological findings of the tumor in-
cluded hyperplastic hepatocytes with acinar structure, ductu-
lar reaction, abnormal vessels, and central scar (Fig. 2C-F),
which are typical findings of FNH. Her back discomfort im-
proved after the surgery. In fact, even though the residual le-
sions are slowly enlarging, back pain remains absent about
two years after surgery.

Discussion

There are many possible complications after heart trans-
plantation, such as rejection, coronary vasculopathy, infec-
tion, and malignancy (3). We can never be too careful to no-
tice any unusual symptoms or signs in transplant recipients,
as. they are often atypical presentations of these pathological
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complications. The present patient complained of continuous
back pain. We considered the above possibilities and at-
tempted to determine the cause of her complaint. In the
process of her evaluation, many nodular lesions were de-
tected in her liver, which had not been present before heart
transplantation. The pathological diagnosis of the tumors
was found to be FNH. After surgical resection, her back
pain resolved. We presume, in the current case, FNH was
related to her complaint.

FNH is one of the most common benign neoplasms of the
liver, which accounts for 8% of all primary hepatic tumors.
It is more commonly found in women (4). In most cases it
appears solitary. Multiple FNH is extremely rare, and few
reports exist in the literature (5). The pathogenesis of multi-
ple FNH is not well understood. In the current case, the eti-
ology of the multiple FNH cannot be definitively attributed
to her prior heart transplantation. Other possible contributing
factors present before and after transplantation, including the
use of oral contraceptives, surgical stress, and immunosup-
pressant therapy.

A possible relation between FNH and oral contraceptive
use has been proposed but remains controversial (6). In the
current case, the recipient had been taking oral contracep-
tives for about two years since menarche preceding heart
transplantation to prevent anemia, which may have contrib-
uted to the development of multiple FNH. Because candi-
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Figure 2.

cal findings of focal nodular hyperplasia.

dates for heart transplantation suffer from severe heart fail-
ure, it is not unusual to receive oral contraceptives to pre-
vent anemia or pregnancy. The current report suggests that
development of FNH should be especially considered in
such patients.

There is no evidence for the relationship between im-
munosuppressants and FNH, but immunosuppressant agents
are causally related to malignant tumors, including post-
transplant lymphoproliferative disease (7). The current pa-
tient needs to continue immunosuppressant therapy. With no
evidence for rejection having been seen during periodic car-
diac biopsy, we have been modulating her agents carefully.
In fact, the residual lesions are slowly enlarging after sur-
gery, but surgical resection of the liver for treatment of FNH
is not indicated unless the patient has symptoms related to
the tumor size or location (4). Our clinical plan includes pe-
riodic abdominal CT in order to monitor the residual tu-
mors.

In this case we diagnosed FNH by tissue pathology, but,
in general, diagnosis by imaging is preferred. For non-
invasive diagnosis, MRI is more useful than CT, the sensi-
tivity and specificity of which are 70% and 98%, respec-
tively (2). The patient, however, could not undergo MRI be-
cause CRT-D leads were still in her vein. In addition, be-
cause one tumor was suspected of causing her back pain
and because of risk of rupture, we chose prompt surgical re-
section.

Again, the causality cannot be proven. However, this is an
instructive case; the first case report, to our knowledge, of
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Intraoperative findings of the tumor. A: A distinct tumor in the left lateral segment
bulged from the surface of the liver (circle). It was round with a smooth surface, and the texture was
elastic and hard. B: The surface of the tumor was encased by a membranous layer, and the section
of the tumor showed well-demarcated lesions inside. The tumor was 2.5x2.5 c¢m in size. C-F: Micro-
scopic sections of the tumor (Hematoxylin and Eosin staining). C and D show hyperplastic hepato-
cytes (arrows). E shows abnormal vessels (arrows). F shows central scar of the tumor. They are typi-

multiple FNH observed after heart transplantation, although
FNH is not rare after hematopoietic stem cell transplanta-
tion (8). To the best of our knowledge, there are no case re-
ports of FNH after solid organ transplantation. Data of Japa-
nese patients after heart transplantation are scarce, and accu-
mulation of such data will be clinically useful. Based on the
present report, we suggest that multiple FNH should be con-
sidered if new liver lesions are detected after heart trans-
plantation, especially if the patient had taken oral contracep-
tives before surgery.
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Medetomidine, an az2-Adrenergic Agonist, Activates Cardiac
Vagal Nerve Through Modulation of Baroreflex Control
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Background: Although a2-adrenergic agonists have been reported to induce a vagal-dominant condition through
suppression of sympathetic nerve activity, there is little direct evidence that they directly increase cardiac vagal nerve
activity. Using a cardiac microdialysis technique, we investigated the effects of medetomidine, an «2-adrenergic ago-
nist, on norepinephrine (NE) and acetylcholine (ACh) release from cardiac nerve endings.

Methods and Results: A microdialysis probe was implanted into the right atrial wall near the sinoatrial node in
anesthetized rabbits and perfused with Ringer’s solution containing eserine. Dialysate NE and ACh concentrations
were measured using high-performance liquid chromatography. Both 10 and 100 xg/kg of intravenous medetomidine
significantly decreased mean blood pressure (BP) and the dialysate NE concentration, but only 100 xg/kg of medeto-
midine enhanced ACh release. Combined administration of medetomidine and phenylephrine maintained mean BP
at baseline level, and augmented the medetomidine-induced ACh release. When we varied the mean BP using intra-
venous administration of phenylephrine, treatment with medetomidine significantly steepened the slope of the regres-
sion line between mean BP and log ACh concentration.

Conclusions: Medetomidine increased ACh release from cardiac vagal nerve endings and augmented baroreflex

control of vagal nerve activity. (Circ J 2012; 76: 152—159)

Key Words: Acetylcholine; Norepinephrine; Sinoatrial node; Sympathetic nervous system; Vagus nerve

is widely used for sedation in intensive care units

because it has a less respiratory depressive effect.! In
addition, several benefits of dexmedetomidine that favor its use
in intensive care have been reported, such as reduced opioid
dosage requirement. In animal studies, Hayashi et al reported
that dexmedetomidine prevented epinephrine-induced arrhyth-
mias in halothane-anesthetized dogs.? This antiarrhythmic
effect of a2-adrenergic agonists may be partly ascribed to vagal
activation.® It has already been reported that central sympa-
thetic inhibition by an a2-adrenergic agonist, guanfacine, aug-
mented the sleep-related ultradian rhythm of parasympathetic
tone in patients with chronic heart failure.* Although a2-adren-
ergic agonists are widely recognized as inducing a vagal-
dominant condition through the suppression of sympathetic
nerve, there is little direct evidence that they directly increase
cardiac vagal nerve activity, because such activity has been
assessed only by indirect methods, such as heart rate variabil-

T he selective a2-adrenergic agonist, dexmedetomidine,

ity, in most studies.’

Vanoli et al® reported that vagal stimulation after an acute
ischemic episode effectively prevented ventricular fibrillation
in dogs. Their group also indicated that the dogs that devel-
oped ventricular fibrillation during the acute ischemic epi-
sode had a significantly lower baroreflex-mediated heart rate
response,’ suggesting the importance of the baroreflex in con-
trolling vagal function. If an «2-adrenergic agonist is able to
activate the cardiac vagal nerve directly or via modulation of
the baroreflex function, it will provide a new therapeutic option
for life-threatening arrhythmias after myocardial ischemia.

Medetomidine is a racemic mixture of 2 stereoisomers,
dexmedetomidine and levomedetomidine. However, because
it has already been reported that levomedetomidine has no
effect on cardiovascular parameters and causes no apparent
sedation or analgesia,® the pharmacokinetics of dexmedetomi-
dine and racemic medetomidine are almost similar. We hypoth-
esized that medetomidine can activate the cardiac vagal nerve
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through a central action and improve the baroreflex control of
vagal nerve activity. We have established a cardiac microdi-
alysis technique for separate monitoring of neuronal norepi-
nephrine (NE) and acetylcholine (ACh) release to the rabbit
sinoatrial (SA) node in vivo.*-!! Using this microdialysis tech-
nique, we investigated the effects of medetomidine on cardiac
autonomic nerve activities innervating the SA node.

Methods

Surgical Preparation
Animal care was provided in accordance with the “Guiding
principles for the care and use of animals in the field of physi-
ological sciences” published by the Physiological Society of
Japan. All protocols were approved by the Animal Subject Com-
mittee of the National Cerebral and Cardiovascular Center.
In this study, 31 Japanese white rabbits weighing 2.3-3.0kg
were used. Anesthesia was initiated by an intravenous injection
of pentobarbital sodium (50mg/kg) via the marginal ear vein,
and then maintained at an appropriate level by continuous intra-
venous infusion of a-chloralose and urethane (16mg-kg-h!
and 100mg-kg! -h-1) through a catheter inserted into the fem-
oral vein. The animals were intubated and ventilated mechani-
cally with room air mixed with oxygen. Respiratory rate and
tidal volume were set at 30cycles/min and 15ml/kg, respec-
tively. Systemic arterial pressure was monitored by a catheter
inserted into the femoral artery. Esophageal temperature, which
was measured by a thermometer (CTM-303, Terumo, Japan),
was maintained between 38°C and 39°C using a heating pad.
With the animal in lateral position, a right lateral thoracot-
omy was performed and the right 3¢ to 5 ribs were partially
resected to expose the heart. After incising the pericardium, a
dialysis probe was implanted as described below. Three stain-
less steel electrodes were attached around the thoracotomy
incision for recording body surface electrocardiogram (ECG).
The heart rate was determined from the ECG using a cardio-
tachometer. Heparin sodium (100IU/kg) was administered
intravenously to prevent blood coagulation. At the end of the
experiment, the animal was killed humanely by injecting an
overdose of pentobarbital sodium. In the postmortem examina-
tion, the right atrial wall was resected en bloc with the dialysis
probe. The inside of the atrial wall was observed macroscopi-
cally to confirm that the dialysis membrane was not exposed
to the right atrial lumen.

Dialysis Technique

The materials and properties of the dialysis probe have been
described previously.*'> A dialysis fiber of semipermeable
membrane (length 4 mm, outer diameter 310m, inner diam-
eter 200 ~m, PAN-1200, molecular weight cutoff 50,000; Asahi
Chemical, Tokyo, Japan) was attached at both ends to polyeth-
ylene tubes (length 25 cm, outer diameter 500 zm, inner diam-
eter 200 m). A fine guiding needle (length 30 mm, outer diam-
eter 510 2m, inner diameter 250 #m) with a stainless steel rod
(length 5 mm, outer diameter 250 .m) was used for the implan-
tation of the dialysis probe. A dialysis probe was implanted into
the right atrial myocardium near the junction of the superior
vena cava and the right atrium. After implantation, the dialysis
probe was perfused with Ringer’s solution (in mmol/L: NaCl
147, KCl 4, CaClz 3) containing a cholinesterase inhibitor
eserine (100 zmol/L), at a speed of 2 11/min using a microinjec-
tion pump (CMA/102, Carnegie Medicin, Sweden). Experi-
mental protocols were started 120min after implantation of the
dialysis probe. The dead space between the dialysis membrane
and the sample tube was taken into account at the beginning of

each dialysate sampling. In protocols 1 and 2 as described
below, 81 of phosphate buffer (pH 3.5) was added to each
sample tube before dialysate sampling, and each dialysate
sampling period was set at 20min (1 sample volume=40 ).
Half of the dialysate sample was used for ACh and the other
half for NE measurements. In protocol 3, 2.1 of phosphate
buffer was added to each sample tube before dialysate sam-
pling, and each dialysate sampling period was set at 5 min
(1 sample volume=10z1). In protocol 4, 4 .1 of phosphate buf-
fer was added to each sample tube before dialysate sampling,
and each dialysate sampling period was set at 10min (1 sample
volume=201). Dialysate NE and ACh concentrations were
analyzed separately by high-performance liquid chromatogra-
phy as described previously.!%!?

Experimental Protocols

Protocol 1 (n=7) Baseline dialysate was sampled before
the injection of medetomidine. Thereafter, a low dose (10..g/kg)
of medetomidine was injected intravenously via the femo-
ral vein. After allowing 20 min for hemodynamic stabilization,
dialysate was sampled for 20 min (40 .1). When the hemo-
dynamics had recovered to the baseline level, a high dose
(100 g/kg) of medetomidine was injected intravenously and
another 20-min dialysate sample was collected after hemody-
namic stabilization. Finally, the vagal nerves were sectioned
bilaterally at the neck and a dialysate sample was collected
immediately after vagotomy. In 4 rabbits, an «2-adrenergic
antagonist, atipamezole (2.5mg/kg), was intravenously ad-
ministered before euthanasia and hemodynamic responses
were recorded.

Protocol 2 (n=7) To prevent possible interference of me-
detomidine-induced hypotension with vagal nerve activity,
intravenous infusion of an «1-adrenergic agonist, phenyleph-
rine, was started simultaneous to intravenous injection of me-
detomidine. Baseline dialysate sample was collected for 20 min
before medetomidine injection. Simultaneous to intravenous
injection of high-dose (100 g/kg) medetomidine, intravenous
infusion of phenylephrine was started (6.6+1.2 g -kg™'-min™)
to maintain the mean blood pressure (BP) at baseline level.
After hemodynamic stabilization, dialysate was sampled for
20 min. Finally, dialysate was again sampled immediately after
bilateral cervical vagotomy.

Protocol 3 To investigate the effect of medetomidine on
baroreflex-induced vagal ACh release, we varied the mean BP
by changing the dose of intravenous phenylephrine in both the
control (n=5) and medetomidine-treated (n=7) groups. In the
control group, Ringer’s solution was infused intravenously at
1.0ml-kg!-h-! throughout the experiment. In the medetomi-
dine-treated group, medetomidine was initially injected intra-
venously at a dose of 60x.g/kg, and thereafter continuously
infused at a dose of 60 .g-kg™-h-! or arate of 1.0ml-kg'-h".
After baseline dialysate sampling, mean BP was increased in
a stepwise manner by altering the dose of intravenous phenyl-
ephrine (maximal dose: 32.2%5.5 g -kg™! -min~! in the control
group and 18.6+2.1 p2g-kg™! - min~! in the medetomidine-treated
group). Dialysate samples were collected for 5min at 4-7 dif-
ferent mean BP levels. Relations of log ACh concentrations
vs. mean BP were plotted and regression lines for each animal
were calculated.

Protocol 4 (n=5) We investigated the peripheral effects of
medetomidine on heart rate and dialysate ACh concentration
under electrical stimulation of the right cervical vagal nerve.
Bilateral vagal nerves were exposed through a midline cervi-
cal incision and sectioned at the neck. A pair of bipolar stain-
less steel electrodes was attached to the efferent side of the

Circulation Journal Vol.76, January 2012



154 SHIMIZU S et al.
ezl
A | B
w3 [ | ** P<0.01
| 1 l £ sieske
B
300 — 100 — I ‘ r ek
L i
I ~
2 C L
e £
P == E L T
E 200 |- - ® L
a TEY 5
) Z s
Q 7]
5 2
o a 50 1
& 3
g F o - came; 2ol
T o
100 =
c L
r Q
L E 5
0 0
Baseline Medetomidine Medetomidine After Baseline Medetomidine Medetomidine After
10ug/kg iv 100ug/kg iv Vagotomy 10pg/kg iv 100pg/kg iv Vagotomy
Figure 1. Intravenous administration of low and high doses of medetomidine decreased heart rate (A) and mean blood pressure

(B). Medetomidine decreased heart rate in a dose-dependent manner. Vagotomy partially restored the decrease in heart rate but
had no effect on mean blood pressure under administration of 100 xg/kg of medetomidine. **P<0.01.

right vagal nerve. The nerve and electrode were covered with
warmed mineral oil for insulation. After the baseline dialysate
sampling, the right efferent vagal nerve was stimulated at the
frequency of 20 Hz by a digital stimulator (SEN-7203, Nihon
Kohden, Japan). The pulse duration and amplitude of nerve
stimulation were set at 1 ms and 10V. Thereafter, a low dose
(10 g/kg) of medetomidine was injected intravenously via the
femoral vein. After hemodynamic stabilization, dialysate was
sampled for 10min under the 20-Hz electrical stimulation of
vagal nerve. Finally, a high dose (100 .g/kg) of medetomidine
was injected intravenously and another 10-min dialysate sam-
ple was collected under the 20-Hz electrical stimulation.

Statistical Analysis

All data are presented as mean *standard error. Heart rate and
mean BP were compared by 1-way repeated measures analysis
of variance (ANOVA) followed by a Tukey’s test.!* Dialysate
NE and ACh concentrations were also compared by 1-way
repeated measures ANOVA followed by a Tukey’s test. Com-
parisons of data between protocols 1 and 2 were conducted
using unpaired t-test (Student’s or Welch’s t-test). In protocol
3, the average slopes and intercepts of the regression lines
were compared using unpaired t-test. Differences were con-
sidered significant at P<0.05.

Results

Protocol 1
Intravenous injection of medetomidine significantly decreased
heart rate (Figure 1A) and mean BP (Figure 1B) in a dose-
dependent manner (280t10beats/min and 92+4 mmHg, re-
spectively, at baseline; 251+10beats/min and 69+3 mmHg at
10 1g/kg; and 193+11 beats/min and 47+4 mmHg at 100 »g/kg,
P<0.01 for all comparisons). Vagotomy increased heart rate to
22247 beats/min but did not affect mean BP (Figures 1A,B).
Low-dose medetomidine significantly decreased dialy-

sate NE concentration (Figure 2A) from 0.7220.06 to 0.59+
0.04 nmol/L (P<0.01) but did not affect dialysate ACh concen-
tration (Figure 2B) compared with baseline. High-dose me-
detomidine also decreased dialysate NE concentration (to 0.52+
0.05nmol/L) similar to low-dose medetomidine (Figure 2A)
and significantly increased dialysate ACh concentration
from 7.2+1.3 nmol/L at baseline to 12.1£1.6 nmol/L (P<0.01,
Figure 2B). Dialysate NE concentration was not changed by
vagotomy, whereas dialysate ACh concentration recovered to
the baseline level immediately after vagotomy (Figures 2A,B).
In 4 rabbits treated with atipamezole, heart rate and mean BP
recovered to the baseline levels immediately after the injection
(276x18 beats/min and 88+6 mmHg, respectively, at baseline;
and 28011 beats/min and 8316 mmHg after the injection).

Protocol 2

Intravenous injection of high-dose medetomidine combined
with phenylephrine decreased heart rate (Figure 3A) and the
decrease was significantly greater than that observed in proto-
col 1 (14049 vs. 193%11 beats/min, P<0.01), while mean BP
was maintained at the same level as baseline (Figure 3B). Me-
detomidine combined with phenylephrine decreased dialy-
sate NE concentration from 0.851+0.09 at baseline to 0.68t
0.10nmol/L. (Figure 4A), and the decrease was not signifi-
cantly different from that of medetomidine alone (protocol 1).
However, medetomidine combined with phenylephrine in-
creased dialysate ACh concentration (Figure 4B) to a signifi-
cantly and markedly higher level than that observed in proto-
col 1 (26.845.4 vs. 12.1£1.6 nmol/L, P<0.05). Dialysate ACh
concentration recovered to the baseline level immediately af-
ter vagotomy.

Protocol 3

The change in mean BP by phenylephrine administration
affected dialysate ACh concentration only slightly in the con-
trol group (Figure 5A), whereas the elevation of mean BP
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