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Table 3
Genes with altered expression level in aorta according to DNA microarray technique

Accession no. Definition Sham (intensity) OVX+V (intensity) OVX+E (intensity) OVX+E/OVX+V

U48247 Enigma 288.3 128.6 455.5 35
746614 Caveolin-1 674.3 329.1 694.4 2.1
U44948 SmLIM 1266.9 1260.7 2054.9 1.6
AT000942 1d3a 201.7 224.6 3183 1.4

Confirmation of estrogen-regulated genes in aorta by real-time PCR

Next, we performed real-time PCR to examine the expression of the candidate genes obtained from
the microarray. In real-time PCR, we used primers that amplified sequences different from the
microarray. Subsequently, four genes, caveolinl, enigma, SmLIM and Id3a, were identified as being
upregulated in the OVX + E group (Table 3 and Fig. 1). On the other hand, we could not identify any
genes down-regulated in the OVX + E group in this study, so far. To exclude the possibility of the
contamination with other cell types in total RNA samples we used, we compared the intensity of these
four genes and markers for endothelium or VSMC in the samples between with or without endothelivm
obtained from intact 8-week-old male rats (n = 12) (Fig. 2). Semi-quantitative analysis by real-time PCR
showed that these four genes and markers of VSMC were expressed comparably between samples with
or without endothelium. In contrast, the expression of an endothelial marker, von Willebrand factor, was
scanty in endothelium-denuded samples. Specific markers for adventitial fibroblasts have not been
identified (Sartore et al., 2001). Therefore, we cannot exclude the contamination with adventitial
fibroblasts, although the adventitial layer is very small in amount compared with smooth muscle layers.
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Fig. 1. Real-time PCR comparing expression of enigma, caveolin-1, SmLIM and Id3a in aortic tissue. Total RNA was obtained
from the aorta of OVX + V (lane 1, n = 5), OVX + E (lane 2, n = 5), and Sham (lane 3, n = 4) groups, and reverse-transcribed
into cDNA. Then, 50 ng cDNA was amplified using primers specific for each gene sequence using real-time PCR method. The
starting quantities were calculated and expressed as the ratio of each gene to GAPDH. Values are shown as mean + SE.



T. Watanabe et al. / Life Sciences 75 (2004) 1219-1229 1225

2 -—
B +ec
[]-ec
T
o
=
o 1
)]
=
(0]
(&}
*
0 -
@ N e v &
<& . N W X
Q/('\\Q' za.\o "O'@V & c_,& 6\§0° &‘\
N &

Fig. 2. The expression levels in the identified genes and maker genes in the samples with or without endothelium (EC). The
aortic tissues were obtained from intact 8-week male rats, and were divided into two groups; with EC (n=6) and without EC
(n=6). Real-time PCR was performed as described above, and the starting quantities were calculated and expressed as the ratio
of each gene to GAPDH. Values are shown as the ratio of the samples with EC to that without EC and as mean + SE. *,
p<0.01 vs + EC. EC; endothelium, vWF; von Willebrand factor.

E2-induced expression of genes in cultured VSMC

In order to investigate whether E2 could directly regulate the expression of these four genes, we
examined their mRNA levels in cultured VSMC by Northern blot analysis. As shown m Fig. 3,

treatment with E2 for 24 hours increased the mRNA levels of caveolinl, enigma, SmLIM and 1d3a
mRNA.
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Fig. 3. Northern blot analysis of enigma, caveolin-1, SmLIM1 and Id3a in cultured VSMC. VSMC were treated with vehicle
(lane 1) or 100 nmol/L E2 (lane 2) for 24 hours. Total RNA was extracted from VSMC, and 20 pg total RNA per lane was used
for Northern blot analysis. The membrane was hybridized to a 32P-labeled cDNA probe specific for each gene and to an 185
probe to assess loading differences. In different sets of experiments, mRNA levels of indicated genes were measured by
densitometry and expressed as the ratio of genes to 18S. Similar results were obtained in three independent experiments.
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Discussion

In the present study, we screened for genes that responded to estrogen stimulation in VSMC. We
newly identified genes upregulated by estrogen; enigma, SmLIM, caveolin and Id3a, in VSMC.

Caveolin-1 is one subtype of caveolins, which are principal coat proteins of caveolae (Severs, 1988).
Caveolae, the flask-shaped vesicular invaginations of the plasma membrane, are present in many cell
types including VSMC (Drab et al., 2001). Caveolae function in signal transduction (Okamoto et al.,
1998) as well as in endocytosis and transcytosis in vesicular transport (Schnitzer et al., 1995). Mice
lacking the caveolin-1 gene show impaired endothelium-dependent relaxation, contractility and
maintenance of myogenic tone of the aorta through nitric oxide and Ca®" signaling (Drab et al,
2001). Several studies have reported the role of caveolin-1 in estrogen-mediated signaling in vascular
cells. In vascular endothelium, nitric oxide synthase is activated rapidly by estrogen following binding
with ERa in caveolae (Chambliss et al., 2000). In VSMC, estrogen stimulated the binding of ERa with
caveolin-1 and augmented the production of caveolin-1 through a transcriptional mechanism (Razandi et
al., 2002). Consistent with this report, we showed that estrogen upregulated mRNA expression of
caveolin-1 in the aorta, as well as in cultured VSMC. Taken together, estrogen-mediated upregulation of
cavelin-1 might be related to the improvement of vascular function.

Two LIM protein genes and one member of the Id gene family were also identified as estrogen-
regulated genes in the aorta in the present study. LIM proteins are a protein family containing the LIM
motif, a double-zinc-finger structure. The L.IM motif has been proposed to participate in protein-protein
interactions (Dawid et al., 1995; Sanchez-Garcia and Rabbitts, 1994), and to be critical in cellular
determination and differentiation (Arber and Caroni, 1996; Schmeichel and Beckerle, 1994). SmLIM,
one of the LIM proteins, is expressed principally in VSMC of adult animals and is induced in VSMC
during development, preceding the appearance of the smooth muscle myosin heavy chain, a sensitive
indicator of VSMC differentiation (Jain et al., 1998). Moreover, SmLIM localizes in the nucleus and in
actin-based filaments in the cytosol. Therefore, SmLIM is thought to coordinate cytoskeletal function
and subsequently regulate cellular proliferation and differentiation (Jain et al., 1998). Another LIM
protein, enigma, belongs to the PDZ-LIM protein, and is expressed abundantly in skeletal muscle as well
as in non-muscle cells (Durick et al., 1998; Guy et al., 1999). The PDZ domain of enigma binds to a
skeletal muscle target, the actin-binding protein, tropomyosin, suggesting that enigma is an adapter
protein that directs the LIM-binding protein to actin filaments of muscle cells (Guy et al., 1999). The
inhibitor of DNA binding (Id), a class of helix-loop-helix transcription factors, is known to regulate
growth in many cells including VSMC (Matsumura et al., 2001; Norton et al., 1998; Olson, 1990). There
are four known Id genes, Id1 to Id4. Id3a is produced by alternative splicing of the I1d3 gene, resulting in
inclusion of a 115-bp “coding intron”, which encodes a unique 29-amino-acid carboxyl terminus of the
Id3a protein (Matsumura et al., 2001). It is reported that Id3a is associated with apoptotic activity in
VSMC (Matsumura et al., 2001). In contrast, another group showed that 1d3 mediated angiotensin II-
induced cell growth (Mueller et al., 2002); therefore, the precise role of Id3 and its splice variant, Id3a, in
the vasculature, has not been determined.

There are no reports with respect to the regulation of these three genes by estrogen, not only in the
vasculature but also in other organs, so our findings might imply a new understanding of mechanisms of
the effects of estrogen in the vascular wall. Because SmLIM and Id3a may be associated with cell
growth and differentiation, these genes might mediate the effects of estrogen on VSMC growth and
differentiation. Enigma is considered to be an adaptor protein, which can connect some kinases or
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phosphatases with the membrane (Cuppen et al., 1998; Kuroda et al,, 1996). Therefore, it can be
hypothesized that enigma would mediate the effects of estrogen such as growth inhibition in VSMC
through the binding with some phosphatases such as SHP-1 or MKP-1 which could be induced by
estrogen (Takeda-Matsubara et al., 2002).

Downstream of the estrogen-ER signaling pathway has not been clarified in the vasculature as much
as in reproductive organs. Estrogen augmented the promoter activity of caveolin-1, which did not
contain any palindrome estrogen responsive elements in the 3 kb promoter region (Razandi et al., 2002).
The sequences of the promoter region of SmLIM, enigma, and Id3 genes have not been reported.
Analysis of the promoter of these genes may provide some hints to understand the downstream signals of
ER in the vasculature. Also, in this study, we could not check all of the genes expressed differentially
between the OVX + E group and OVX + V group obtained from the high-oligonucleotide microarray
analysis. Thus, further study should be done to identify other estrogen-regulated genes that might play
more important roles in the vasculature.
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CORRELATION BETWEEN PULSE WAVE VELOCITY
AND COGNITIVE FUNCTION IN NONVASCULAR
DEMENTIA

To The Editor: We read with interest the paper by Shimoda
et al.! showing that pulse wave velocity (PWV), an indicator
of arterial stiffness, was higher in patients with vascular
dementia than in patients with Alzheimer’s disease and
nondemented control subjects. Vascular factors such as
smoking, hypertension, diabetes mellitus, and apolipopro-
tein E &4 allele have also been implicated in the develop-
ment of nonvascular dementia, including Alzheimer’s
disease,? but there has been no quantitative study of the
relationship between the stage of arteriosclerosis and the
severity of nonvascular dementia. In this study, PWV was
measured in patients with mild to moderate nonvascular
dementia, and greater arterial stiffness was associated with
cognitive impairment.

Patients who were referred to the Memory Clinic of our
department were enrolled. Patients with definite vascular
dementia such as poststroke patients and patients with
multiple cerebral infarcts were excluded. Twenty-seven
subjects (12 men and 15 women, mean age 4 standard
deviation = 76 £ 7) were analyzed, including 14 patients
with Alzheimer’s disease diagnosed using the Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition, and
others with mild cognitive impairment. PWV was measured
using the automated device Form PWV/ABI (Colin Co. Ltd,
Komaki, Japan), and two measurements, heart-brachial (hb)
PWV and brachial-ankle (ba) PWV, were analyzed.?
Cognitive function was assessed using the Hasegawa
Dementia Scale Revised (HDSR; 20 & 7 points out of 30).
Basic activities of daily living (ADLs), instrumental ADLs,
mood, and volition were also measured using the Barthel
index, Lawton-Brody instrumental ADLs, Geriatric Depres-
sion Scale, and Vitality Index,* respectively.

In the analysis including all the subjects, HDSR
correlated with hbPWV (r= —0.450, P<.05) (Figure 1)
and baPWV (r = — 0.433, P<.05), whereas other indices of
the comprehensive geriatric assessment did not correlate
with hbPWV or baPWV. Multiple regression analysis using
HDSR as a dependent variable and hbPWYV, age, sex, mean
blood pressure, and use of antihypertensive agents as
independent variables showed that hbPWV (B= —0.535,
P<.05) was a significant determinant of HDSR. Analysis
using systolic blood pressure instead of mean blood pressure

showed a comparable result, but analysis using baPWV
instead of hbPWV did not reach statistical significance.

Subjects were excluded because they had obvious
vascular factors (n = 9), extensive white-matter lesions on
brain magnetic resonance imaging scans (n = 5§}, or a history
of hypertension (n= 8) as determined by the use of anti-
hypertensive agents or blood pressure of 140/90 mmHg or
higher. These subjects showed higher hbPWV than the other
18 subjects (665 £ 139 vs 561 £ 98 cm/s, P<.05) and
lower HDSR score (15.6 £5.4 vs 21.9 £ 6.7, P<.05),
whereas age was not significantly different (79 £9 vs
76 + 7, P =.29). Then, the correlation berween PWV and
cognitive function was analyzed in the 18 subjects without
vascular factors. In simple regression analysis, HDSR
correlated with hbPWV (r = —0.615, P<.01) (Figure 1)
and baPWV (r= —0.618, P<.01). Multiple regression
analysis using HDSR as a dependent variable and hbPWV,
age, sex, and mean blood pressure as independent variables
revealed that hbPWV (B = - 0.700, P<.05) was indepen-
dently related to HDSR.

The present study demonstrated that subjects with
extensive white-matter lesions or a history of hypertension
had higher PWV than others, consistent with a previous
report,* even though subjects with typical vascular demen-
tia were excluded. Multivariate analysis and analysis using
the subjects without obvious vascular factors showed that
arterial stiffness as measured using PWV was independently
related to cognitive function. These results suggest that
arteriosclerosis, even in a subclinical state, plays a role in
cognitive impairment and that PWV serves as a useful tool
to assess the vascular contribution in subjects with mild to
moderate nonvascular dementia. Recent papers have shown
that PWV can predict the future occurrence of cardiovas-
cular disease.® Furthermore, a new paradigm-—vascular
cognitive impairment—in which vascular factors play a
variety of roles in the pathogenesis of dementia has been
proposed.? It is necessary to perform a large-scale study
to confirm our preliminary results and a prospective
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Figure 1. Correlation between heart-brachial pulse wave veloc-
ity (hbPWV) and Hasegawa Dementia Scale Revised (HDSR) in
subjects with (open circles, n = 9) and without (closed circles,
n = 18) vascular factors such as extensive white-matter lesions
and history of hypertension. Dotted line and solid line indicate
regression lines in all the subjects and the subjects without
vascular factors, respectively.
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longitudinal study to examine whether high PWV could be
a risk factor for cognitive impairment.
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GERIATRIC TRAINING IN PROBLEM-BASED
LEARNING: AN ASIAN PERSPECTIVE

To the Editor: Problem-based learning (PBL) is gradually
becoming popular in medical schools in Asian countries.! It
is an integrated, student-centered educational approach,
which uses problems (triggers) as the key units for
stimulating and structuring relevant student learning. Such
learning is largely dependent on the quality of the
problems? and the areas tested in PBL.3 Aligning PBL
activities with subsequent student assessment often proves
to be difficult, because it is different from the assessment
conducted in the traditional curriculum. A study was
conducted to analyze the PBL problems and examination
questions used in the School of Medical Sciences, Universiti
Sains Malaysia (USM) to examine the demographic
characteristics of the people featured and the level of acuity
of case scenarios presented.

Al PBL problems (n = 51) used in Phase II (Years 2 and
3) of USM PBL curriculum, 95 modified essay questions
(MEQ), and 169 objective-structured clinical examination
(OSCE) questions (in which age and presenting illness were
mentioned) of five academic sessions (1998-2003) were
analyzed. The findings revealed that problems and exam-
ination questions mostly included acute and rapidly
resolving illnesses in young people and underemphasized
elderly people {aged >60) with chronic, irreversible dis-
eases. Only nine (17%) problems and 34 examination
questions (MEQ 19%, OSCE 10%) featured older people.
Moreover, those problems and questions mainly involved
the early elderly (aged 60~74). Only one problem and one
MEQ featured advanced elderly (aged >70). In the prob-
lems and questions, where the presenting illness was
mentioned, it was of one month’s duration in 78% of

problems, 69% of MEQs, and 41% of OSCEs. Conversely,
only in 4% of problems, 8% of MEQs, and 22% of OSCEs,
was the presenting complaint of more than 1 year’s
duration. In 41 PBL problems, the outcome was mentioned;
this occurred within 1 year in 11%, within 1 month in 28%,
and within 1 week in 61%.

Adequate exposure to geriatric-related issues is pro-
vided to the students in the different phases of the USM
curriculum. As the PBL is the main teaching-learning
strategy in Phase 2 that facilitates the integration of basic
and clinical sciences, such emphasis may contribute to the
development of negative attitudes among the students
toward elderly patients and people with chronic diseases,
as mentioned in other studies.»* Studies also showed that
this type of emphasis might also deter students from careers
that focus on the elderly® and chronically sick.” This has
wider implications when there is a clear demographic trend
toward a rapid increase of the elderly population in
Malaysia and worldwide.® According to United Nations
estimates, the population of elderly in the world will reach
1.2 billion by 2025, the majority of whom will be in
developing countries.” This is also important because health
care is shifting away from the diagnosis and management of
acute diseases toward caring for increasingly elderly people
with chronic illnesses.?

As a subject, geriatric medicine is not well established in
the schools of Asian countries. The World Health Organiza-
tion® strongly advocated including relevant aging- and
geriatric-related issues in the medical curriculum. Medical
schools should provide opportunities for their students to be
exposed to older patients with adequate positive experiences
in hospital, community, and long-term care settings. Some
problems of the PBL segment and examination questions
could be designed to focus exclusively on the elderly with
chronic diseases.’® Curriculum planners should regularly
analyze the demographic and pedagogical characteristics of
problems and examination questions to determine whether
aging- and geriatric-related content is adequately covered in
PBL curriculum. Emphasis given to such content significantly
improves attitudes and knowledge of students toward the
elderly.* Reorientation of medical education is necessary to
promote more concern among physicians about the needs of
the elderly and people who are chronically ill.

Md. Anwarul Azim Majumder, PhD
Abmed Fuad Ab. Rabim, MHPEd
Department of Medical Education
Sayeeda Rabman, MPharm, MBA

Department of Pharmacology
School of Medical Sciences
Universiti Sains Malaysia
Kelantan, Malaysia

REFERENCES

1. Khoo HE. Implementation of problem-based learning in Asian medical schools
and students’ perceptions of their experience. Med Educ 2003;37:401—409.
2. Schmidt HG, Dolmans D, Gijselaers WH et al. Theory-guided design of rating scale
for course evaluation in problem-based curricula. Teach Learn Med 1995;7:82-91.
. Connolly C, Seneque M. Evaluating problem-based learning in multilingual
student population. Med Educ 1999;33:738-744.
4. Shahidi S, Devlen J. Medical students’ attitudes and knowledge of the aged.
Med Educ 1993;27:286-288.

[58)



Atherosclerosis 173 (2004) 13-18

ATHEROSCLEROSIS

www_elsevier.com/locate/atherosclerosis

Interrelationship between non-invasive measurements of atherosclerosis:
flow-mediated dilation of brachial artery, carotid intima-media
thickness and pulse wave velocity

Kumiko Kobayashi?, Masahiro Akishita®* Wei Yu?, Masayoshi Hashimoto b
Mitsuo Ohni?, Kenji Toba?
& Department of Geriatric Medicine, Kyorin University School of Medicine, 6-20-2 Shivkawa, Mitaka, Tokyo 181-8611, Japan
Y Department of General Internal Medicine, Kobe University School of Medicine, Kobe, Japan

Received 10 April 2003; received in revised form 11 August 2003; acoepted 30 October 2003

Abstract

Flow-mediated dilation (FMD) of the brachial artery, carotid intima-media thickness (IMT) and pulse wave velocity (PWV) have been
shown to be good surrogate markers of clinical atherosclerosis. We determined the interrelation between these measurements, and examined
whether their combination would be of clinical significance. One hundred and thirty-five consecutive subjects (79 women/56 men) were
enrolled, including 110 patients with risk factors for atherosclerosis, and 33 patients with atherosclerotic disease such as coronary heart
disease, stroke or arferiosclerosis obliterans. IMT and plaque formation of the carotid artery and FMD of the brachial artery were assessed
using ultrasonography. Brachial-ankle PWV (baPWV) was measured using an automated device (form ABI/PWYV, Colin). Age, FMD, IMT
and PWV were significantly correlated with each other. Multivariate analysis revealed an independent correlation between the parameters
except for FMD, and all four parameters were independently correlated with each other in subjects <70 years. Next, we classified the subjects
by tertile according to the values of FMD, IMT and PWV. Each of the worst tertiles was associated with a higher prevalence of atherosclerotic
disease and carotid plaques compared to the other tertiles. Moreover, subjects with the worst tertiles of all three measurements had a markedly
higher prevalence of atherosclerotic disease and carotid plaques. These results suggest that FMD, IMT and PWV are related to each other,

but the combination of these measurements will be of stronger clinical relevance.

© 2003 Elsevier Ireland Ltd. All rights reserved.

Keywords: Arteriosclerosis; Endothelium; Arterial stiffness; Elasticity

1. Introduction

A number of methods have been applied for the
non-invasive assessment of cardiovascular risks. These in-
clude flow-mediated dilation (FMD) of the brachial artery,
pulse wave velocity (PWV) and carotid intima-media thick-
ness (IMT). FMD is known to be endothelium-dependent
and can be measured during reactive hyperemia using
high-resolution ultrasound [1,2]. Measurement of IMT also
employs B-mode ultrasonography, which can detect mor-
phological change of the carotid artery, consisting of both
an intimal atherosclerotic process and medial hypertrophy
[3]. PWV reflects arterial distensibility and can be mea-

* Corresponding author. Tel.: +81-422-47-5511;
fax: 4-81-422-44-1917.
E-mail address: akishita@kyorin-u.ac.jp (M. Akishita).

sured by pressure or volume pulse wave analysis using
a transducer [4]. These three methods have been widely
used in clinical settings because they are shown to be
good surrogate markers of clinical atherosclerosis [1-4].
Impairment of these indices is associated with coronary
artery disease or cerebrovascular disease. Also, in patients
with atherosclerosis risk factors such as hypertension, hy-
perlipidemia and diabetes mellitus, each of these three
indices is impaired and can be ameliorated by treatment
[1-4].

Several studies have demonstrated a significant correla-
tion between aortic PWV and carotid IMT {5,6]. We have
previously shown that FMD was negatively correlated with
IMT [7]. However, little data have been published on the in-
terrelation of these three measurements. In addition, whether
their combination is clinically significant and useful has not
been elucidated.

0021-9150/§ — see front matter © 2003 Elsevier Ireland Ltd, All rights reserved.

dof:10.1016/j.atherosclerosis.2003.10.013
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In the present study, we demonstrated that decreased FMD
in the brachial artery was related to increased brachial-ankle
and heart-carotid PWV (hcPWV) as well as to increased
carotid IMT. Furthermore, we showed that the combination
of these three measurements was useful in predicting the
presence of atherosclerotic disease,

2. Methods

2.1. Subjects

One hundred and thirty five consecutive subjects were
enrolled in this study. The characteristics of the study sub-
jects are shown in Table 1. They included 25 healthy vol-
unteers, 110 patients with atherosclerosis risk factors such
as hypertension, hyperlipidemia or diabetes mellitus, and 33
patients with atherosclerotic disease such as coronary heart
disease, stroke or arteriosclerosis obliterans. They were re-
cruited from outpatients, inpatients, and community volun-
teers. A history was taken, and physical examination and
laboratory tests were performed in all subjects. Atheroscle-

Table 1
Clinical characteristics of subjects and oclassification by tertile of
atherosclerotic measures

Men/women 56/79 (n = 135)
Age (years) 62 + 16
No risk factor, 1 (%) 25 (19)
Hypertension, n (%) 51 (38)
Hyperlipidemia, n (%) 64 (47)
Diabetes mellitus, 1 (%) 35 (26)
Current smoker, n (%) 20 (15)
Atherosclerotic disease
Stroke, n (%) 21 (16)
Coronary artery disease, n (%) 10 (D)
Arteriosolerosis obliterans, n (%) 54
Total atherosclerotic disease, » (%) 33 (24)
Atherosclerotic measurements
FMD (%)
Tertile 1 (>4.0) 6.0 + 1.7
Tertile 2 (>1.9, <4.0) 29 4+ 0.7
Tertile 3 (<1.9) 0.8 + 0.9
IMT (mm)
Tertile 1 (<0.75) 0.63 & 0.08
Tertile 2 (>0.75, <1.02) 0.87 & 0.11
Tertile 3 (=1.02) 1.17 £ 0.19
baPWV (m/s)
Tertile 1 (<14.34) 1237 £ 1.40
Tertile 2 (>14.34, <18.80) 16.18 £+ 1.26
Tertile 3 (>18.80) 22.88 =+ 3.99
hePWV (m/s)
Tertile 1 (<7.40) 6.00 £ 1.04
Tertile 2 (=7.40, <9.80) 853 £ 0.73
Tertile 3 (>9.80) 11.56 £ 1.65

Age and atherosclerotic measurements by tertile are expressed as mean &
S.D. FMD, percent flow-mediated dilation of brachial artery; IMT,
intima-media thickness of common carotid artery; baPWV and hcPWV,
brachial-ankle and heart-carotid pulse wave velocity, respectively.

rotic disease was defined as follows: (1) stroke, confirmed
by brain computed tomography and a documented history;
(2) coronary artery disease, confirmed by coronary arteriog-
raphy and/or a documented history of myocardial infarction
within 5 years; (3) a clinical diagnosis of arteriosclerosis
obliterans. Exclusion criteria for this study included clinical
manifestations of venous thromboembolism, liver disorder
and history of cancer(s). Each subject gave written informed
consent before enrollment in this study, - after receiving a
thorough explanation of the study design and protocol.

2.2. Measurement of carotid IMT

Ultrasound measurements of IMT of the common carotid
artery were performed as previously described [7] by an
examiner who was unaware of the subjects’ clinical back-
ground. The same examiner performed the measurements
of IMT, FMD and PWV throughout the study. Briefly, IMT
was measured from high-resolution, two-dimensional ultra-
sound images obtained with an ultrasound machine (Pow-
erVision 6000, Toshiba) with a 7.5 MHz linear-array trans-
ducer. The subject reclined on the examination table for
15min before the initial carotid ultrasound scanning, in a
quiet, temperature-controlled (22-24 °C) room. This mea-
surement was applied to the far wall of the right carotid
artery. With the subject in the supine position, an ultrasound
probe was applied longitudinally to the surface of the skin
on the right side of the neck. Longitudinal scanning was per-
formed from the common carotid artery to the bifurcation
of the common carotid artery. Scanning was performed in
the optimal position. An ECG monitor integrated with the
ultrasound machine was also applied. The ultrasound im-
ages were recorded on S-VHS videotape. After the bifurca-
tion of the common carotid artery was confirmed, IMT was
measured from the B-mode scan with electronic calipers
to within 10 mm proximal to the bifurcation. Four points
were measured in one scan, which was synchronized with
the R-wave peaks on the ECG to avoid possible errors re-
sulting from variable arterial compliance. Two scans were
performed for each study subject. Mean IMT' was calculated
from eight points. The variability of the ultrasound measure-
ments of IMT was studied by performing five measurements
over 1 month in 12 volunteers. The intracbserver coefficient
of variation for measurement of IMT was 4.2 + 0.7%.

The presence of plaque(s) in the right carotid artery was
assessed by evaluating the ultrasound images of the common
and internal carotid artery, and the bifurcation. A plaque was
defined as a focal widening relative to adjacent segments,
with protrusion into the lumen composed of either only calci-
fied deposits or a combination of calcified and non-calcified
material |3].

2.3. Measurement of FMD of brachial artery

Studies of FMD were performed according to the method
described previously [7]. The diameter of the artery was



K. Kobayashi et al. /Atherosclerosis 173 (2004) 13-18 15

measured on high-resolution, two-dimensional ultrasound
images obtained with an ultrasound machine (PowerVision
6000, Toshiba) with a 7.5 MHz linear-array transducer. Ma-
chine operating parameters were kept constant during each
study.

The night brachial artery was scanned over a longitudi-
nal section, 3-5cm above the right elbow. Depth and gain
settings were optimized to identify the lumen-to-vessel wall
mterface. An ECG monitor integrated with the ultrasound
machine was also applied. When an adequate image was
obtained, the surface of the skin was marked, and the arm
was kept in the same position throughout the study. A pneu-
matic tourniquet placed around the forearm distal to the tar-
get artery was inflated to a pressure of 250 mmHg, and in-
flation was held for 5 min. Increased flow was then induced
by sudden cuff deflation. A second scan was performed con-
tinuously for 60 s before and 120 s after cuff deflation. The
ultrasound images were recorded on S-VHS videotape. The
diameter of the brachial artery was measured from the ante-
rior to the posterior interface between the media and adven-
titia (“m line™) at a fixed distance. The mean diameter was
caloulated from four cardiac cycles synchronized with the
R-wave peaks on the ECG. All measurements were made at
end-diastole to avoid possible errors resulting from variable
arterial compliance. Maximal vasodilatation was observed
45-60s after cuff release. The change in diameter caused
by FMD was expressed as the percent change relative to
that in the initial resting scan. The velocity profile of blood
flow was simultaneously recorded. Mean flow velocity was
calculated by measuring the area under this velocity profile
curve. Blood flow (in milliliters per minute) was then calcu-
lated by multiplying the cross-sectional area of the brachial
artery, which was based on the diameter, and the mean flow
velocity. Changes in diameter of 0.1-0.2 mm can be detected
accurately with this method [7]. The intraobserver coeffi-
cient of variation for measurements of FMD was 5.84+0.3%
(10 measurements in five subjects).

2.4. Measurement of PWV

PWV measurements were performed subsequently to
FMD measurements, with the subject in the supine posi-
tion. PWV was measured using an automated device (form
PWV/ARBI, Colin Co. Ltd., Komaki, Japan) as previously
reported [8,9]. The device records PWV, blood pressure,
ECG and heart sounds simultaneously. ECG electrodes
were placed on both wrists, and a heart sound microphone
was placed on the left sternal border.

The cuffs to measure brachial-ankle PWV (baPWV) were
wrapped around both upper arms and ankles, and connected
to a plethysmographic sensor that determines volume pulse
form. Volume waveforms were stored for a sampling time
of 10s with automatic gain analysis and quality adjust-
ment. The time delay from the ascending point of the right
brachial waveform to the ascending point of each ankle
waveform (ATba) was determined. The distance of each

segment (Lb-La) is automatically calculated based on the
patient’s height and was derived from statistical studies.
Then, baPWV was calculated using the formula; baPWV
= La-Lb/ATba. The average of left and right baPWV in each
subject was used for the analysis. To measure heart-carotid
PWV, a multi-element carotid tonometry sensor with a
holder arm was placed around the neck [9]. The time delay
from the foot of the second sound of the phonocardio-
gram to the dicrotic notch of the carotid waveform (AThc)
was calculated. The distance from the heart to the carotid
artery (L.e) was deduced based on the patient’s height
Then, hcPWV was calculated using the formula; hcPWV
= Le/AThe. The intraobserver coefficients of vanation
for measurements of baPWV and hcPWV were 2.0 = 0.5
and 4.5 & 1.4%, tespectively (five measurements in eight
subjects).

2.5, Statistical analysis

All data in the text, tables, and figures are expressed
as mean &= S.EM. unless otherwise specified. Pearson’s
simple correlation coefficient between age, FMD, IMT
and PWV was determined. Categorical difference was
analyzed by Chi-squared test. Standardized regression co-
efficients from multiple regression analysis of baPWV in
relation to age, FMD and IMT were analyzed. Logistic
regression analysis was performed to evaluate the rela-
tion between the combination of FMD, IMT and PWV,
and the prevalence of atherosclerotic disease and carotid
plaques. A value of P < 0.05 was considered statistically

significant.

3. Resulis
3.1. Correlation between age, FMD, IMT and PWV

Table 2 shows the Pearson correlation matrix between age,
FMD, IMT, baPWV and hcPWV. All the parameters were
significantly correlated with each other. However, each sub-
ject did not always belong to the same category by tertile
of atherosclerotic measurements (Fig. 1); e.g., the subjects
in tertile 3 of baPWV (baPWV > 18.80) were widely dis-
tributed in the tertiles of FMD; conversely, the subjects in

Table 2
Pearson comelation matrix between age, FMD, IMT and PWV

FMD ™MT baPWV hePWV
Age —0.592 0.567 0.662 0.478
FMD —-0.343 —0.493 —-0.364
MT 0.477 0.460
baPWV 0.392

FMD, percent flow-mediated dilation of brachial artery; IMT, intima-media
thickness of common carotid artery; baPWV and hcPWYV, brachial-ankle
and heart-carotid pulse wave velocity, respectively. All correlation coef-
ficients were statistically significant (P < 0.0001).
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Fig. 1. Relations between brachial-ankle PWV (baPWV) and flow-mediated dilation (FMD) of brachial artery (left panel), and between baPWV and carotid
intima-media thickness (IMT) (right panel). Solid lines and dotted lines indicate regression lines and tertile borders of each measurement, respectively.

tertile 3 of FMD (FMD < 1.9) were widely distributed in
the tertiles of baPWV.

Multiple regression analysis was performed with baPWV
as a dependent variable and with age, mean arterial pres-
sure of the nght brachium, FMD and IMT as independent
variables. As shown in Table 3, age, mean arterial pressure
and IMT were independently related to baPWV. If the sub-
jects <70 years (n = 89) were analyzed separately to di-
minish the effect of age, FMD as well as IMT, mean arterial
pressure and age were independent determinants of baPWV.
Multiple regression analysis with FMD or IMT as a depen-
dent variable and analysis using hePWYV instead of baPWV
showed comparable results.

3.2. Prevalence of atherosclerotic disease and carotid
Plagques in relation to FMD, IMT and PWV

We classified the subjects by tertile according to the val-
ues of FMD, IMT and baPWV (Table 1). Each of the worst
tertiles, tertile 3, was associated with a higher prevalence of
atherosclerotic disease and carotid plaques compared to the
other tertiles. Atherosclerotic disease was found in 36, 40
and 39% of subjects in tertile 3 of FMD, IMT and baPWV,
respectively, but was found in 18, 15 and 16% of subjects in

Table 3 .
Multiple regression analysis with brachial-ankle PWV as dependent vari-

able and age, mean srterial pressure (MAP), FMD and IMT as indepen-
dent variables

All subjects Age <70 years

R P-value R P-value
Age 0.406 0.000 0.245 0.022
MAP 0.261 0.000 0.215 0.009
FMD ~0.130 0.110 -0.212 0.025
T 0.169 0.027 0.336 0.000

R represents standardized regression coefficients. FMD, percent
flow-mediated dilation of brachial artery, IMT, intima-media thickness of
common carotid artery and PWV, brachial-ankle pulse wave velocity.

the other tertiles of the corresponding parameter (£ < 0.05
by Chi-squared test). Similarly, carotid plaques were found
m 64, 70 and 69% of subjects in tertile 3 of FMD, IMT
and baPWV, respectively, but in 34, 28 and 30% of sub-
jects in the other tertiles of the corresponding parameter
(P < 0.01 by Chi-squared test). These results suggest that
each of the three measurements is comparably predictive
of atherosclerotic disease and carotid plaques. As shown
Fig. 2, however, the subjects with the worst tertiles of all
three measurements had a markedly higher prevalence of
atherosclerotic disease and carotid plaques (67 and 89%,
respectively). In logistic regression analysis unadjusted or
adjusted for sex, hypertension, hyperlipidemia, diabetes and
current smoking, the number of worst tertiles was signif-
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Accumulation of worst tertiles
in atherosclerotic measurements
(per patient)

Fig. 2. Prevalence of atherosclerotic disease and oarofid plaques accord-
ing to the accumulation of worst tertiles in atherosclerotic measurements.
Scores were recorded by counting how many measurements were in the
worst tertiles in each patient. Atherosclerotic disease includes stroke,
coronary artery discase and arteriosclerosis obliterans. Statistical analy-
sis between the groups was performed by Chi-squared test and logistic
regression analysis.
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icantly related to the prevalence of atherosclerotic disease
and carotid plaques; adjusted hazard ratio (95% confidence
interval) by increment of the number of worst tertiles
was 1.88 (1.13-3.13) for atherosclerotic disease and 3.37
(2.00-5.70) for carotid plaques. Accordingly, it is likely that
the combination of FMD, IMT and PWYV serves as a more
accurate indicator of elinical atherosclerosis than any single
measurement.

4. Discussion

Endothelial dysfunction is an early and potentially re-
versible event in atherogenesis [ 10], being detected as a de-
crease i FMD of the brachial artery [1,2]. An increase in
PWV reflects arterial stiffening as a result of structural and
functional changes of the vascular tree [4]. Recent reports
have demonstrated that endothelial nitric oxide is also impli-
cated in the regulation of PWV [11,12]. In contrast, carotid
IMT quantitatively measures the arterial morphology con-
sisting of intimal lesions and medial hypertrophy [3]. Con-
sequently, brachial FMD, carotid IMT and brachial-ankle or
heart-carotid PWV evaluates different aspects of atheroscle-
rosis as well as different sites of the artery. Atherosclerosis,
however, undergoes systemic progression and results in the
worsening of these atherosclerotic parameters to some ex-
tent. Taken together, it is reasonable that FMD, IMT and
PWYV correlated with each other in this study. This result
implies that each of the three measurements would be clin-
ically useful in a cohort study investigating the effect of in-
tervention therapy on outcomes.

When applying FMD, IMT and PWV to the clinical
setting, a problem may exist concerning the variability be-
tween the three measurements on an individual basis. A
good or bad result of a single measurement may mislead the
clinical evaluation of a subject. An important issue is how
these atherosclerotic parameters can predict the future oc-
currence of cardiovascular events, and should be addressed
by prospective studies. Although each of FMD [13], IMT
{14} and PWV {15] is reported to be predictive of cardio-
vascular events, the significance of their combination has
not been determined. Alternatively, we used the existence
of atherosclerotic disease and carotid plaques as surrogate
atherosclerotic outcomes, and tested the hypothesis that the
accumulation of inferior results would be associated with
higher rates of these outcomes. Analysis by tertile showed
that the combined evaluation of FMD, IMT and PWV
highly detected the prevalence of atherosclerotic disease
and carotid plaques compared to single assessment. There-
fore, accuracy may be improved by combining these three
measurements.

Combination of FMD, IMT and PWV may give reliable
information on clinical or subclinical atherosclerosis, but
bears the burden of time and manpower. Particularly, mea-
surement of FMD requires more than half an hour, as well as
skill for examination and measurement. Also, inter-observer

or inter-institutional variation in FMD [2] may make it
difficult to repeat measurements in a patient over years. In
contrast, IMT and PWYV seem less complicated in terms of
examination time and procedure |3,4}. The automated device
for the measurement of PWV used in the present study re-
quires only a few minutes for the whole procedure [8}. Thus,
PWV and/or IMT may be appropriate for the screening of
patients with atherosclerosis risk factors and for large-scale
studies. As a non-invasive assessment of endothelial fiune-
tion, however, FMD will remain the gold standard until
alternative simple and objective methods are established.
Because some subjects have endothelial dysfunction before
developing atherosclerosis that can be measured by IMT
and PWV, it is important to evaluate endothelial function
as well.

This study contains some limitations m interpreting
the data. Brachial-ankle PWV is not so familiar as con-
ventional carotid-femoral and heart-ankle PWV, and its
significance for the prediction of cardiovascular events has
not been published. However, the validity and reliability
of brachial-ankle PWV are defined using the same device
as ours [8,16]. We also confirmed using the present sam-
ples that brachial-ankle PWV was correlated well with
heart-ankle PWV (r = 0.859). Our device estimates the
path length from the height of each subject based on the
superficial measurements in a Japanese population, suggest-
ing possible errors. However, use of the equation should
not seriously harm the reliability of PWV measurements
because Pearson’s correlation coefficient between the es-
timated length and the actual surface measurement was
higher than 0.9 (unpublished results). At the time of FMD
measurement, we did not administer nitroglycerin to the
study subjects in order to avoid adverse reactions. Accord-
ingly, we could not separate endothelivm-independent di-
lation from endothelium-dependent dilation. In addition, to
collect a sufficient number of subjects with different stages
of atherosclerosis, miscellaneous subjects were included
such as healthy young volunteers and older patients with
atherosclerotic disease. Most of the subjects had atheroscle-
rosis risk factors and were taking some drugs for its treat-
ment. Because these factors influence FMD, IMT and PWV
[1-41, it is possible that the disease and/or medication may
have affected the relationship between the measurements.
Consequently, the results of the present study should be
confimmed in subjects without medication and without risk
factors. In addition, we used the presence of atherosclerotic
disease and carotid plaques as surrogate atherosclerotic out-
comes, and showed that the accumulation of inferior results
was associated with higher rates of these outcomes. This
should be confirmed by prospective studies examining the
future occurrence of cardiovascular events.

In conclusion, FMD of the brachial artery, carotid IMT,
and brachial-ankle and heart-carotid PWV were related to
each other. Combination of the three methods was useful
in predicting the burden of atherosclerosis, and is thus of
chinical relevance.
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Reduced Endothelial Vasomotor Function and Enhanced
Neointimal Formation after Vascular Injury in a Rat
Model of Blood Pressure Lability

Masato ETO, Kenji TOBA, Masahiro AKISHITA, Koichi KOZAKI, Tokumitsu WATANABE,
Seungbum KIM, Masayoshi HASHIMOTO, Noriko SUDOH, Masao YOSHIZUMI,
and Yasuyoshi OUCHI

Increased short-term blood pressure variability is known to be associated with hypertensive target organ
damage. Sinoaortic denervation (SAD) induces a marked increase in blood pressure lability without affecting
the average blood pressure level. The aim of this study was to investigate the effects of blood pressure labil-
ity on endothelial vasomotor function and neointimal formation after balloon injury in SAD rats. Direct long-
term measurement of mean arterial pressure showed no significant difference in the average of mean arteri-
al pressure between the SAD group and sham-operated control group. In contrast, the standard deviation of
mean arterial pressure, as an index of blood pressure lability, was 3-fold greater in SAD rats. To study en-
dothelial function, isometric tension of aortic rings was measured 4 weeks after SAD or sham operation. En-
dothelium-dependent vasorelaxation induced by acetylcholine was significantly reduced in the SAD group
(20% reduction at maximum relaxation). Endothelium-independent vasorelaxation induced by sodium nitro-
prusside was similar in each group. Acetylcholine-induced NO release from aotrtic rings was significantly re-
duced in the SAD group. Next, we examined neointimal formation in carotid arteries in SAD and sham-oper-
ated rats at 2 weeks after balloon injury. The neointimal-to-medial area ratio in the SAD group was 50% high-
er than that in the sham-operated group. The percentage of proliferating cell nuclear antigen-positive cells in
the intima was significantly higher in the SAD group. These findings suggest that increased blood pressure
lability, independently of average blood pressure level, impairs endothelial function by inhibiting NO pro-
duction, enhances neointimal formation after balloon injury, and may thereby contribute to atherogenesis.
(Hypertens Res 2003; 26: 991-998)

Key Words: blood pressure lability, sinoaortic denervation, endothelial vasomotor function, neointimal for-
mation, growth factor '

lower blood pressure but also to prevent cardiovascular
events. In recent years, 24-h ambulatory blood pressure

Introduction o : S :
monitoring has become extensively used in clinical practice,

It has been well established that hypertension is one of the and lines of evidence supporting its clinical value to predict
most important risk factors for cardiovascular disease (I). hypertensive target organ damage and cardiovascular events
The goal of treatment of hypertensive patients is not only to have accumulated (2, 3). It has been reported that the aver-
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age 24-h blood pressure level is significantly associated with
cardiovascular damage, whereas the office blood pressure
level is not (2). It has also been reported that an absence of
nocturnal blood pressure fall (non-dipper phenomenon) is as-
sociated with cerebrovascular damage (4), whereas blood
pressure lability, which is defined as increased short-term
blood pressure variability and is a feature of hypertension in
the elderly (5, 6), has been reported to be associated with hy-
pertensive target organ damage (7, 8). However, the causal
relationship between blood pressure lability and hyperten-
sive organ damage remains unknown. To clarify this point,
the direct effects of blood pressure lability on the vascular
wall independent of the average blood pressure level should
be investigated.

For this purpose, we selected sinoaortic-denervated rats as
an animal model of blood pressure lability. The arterial
baroreflex plays a pivotal role in the neural regulation of
blood pressure. The afferent fibers of this negative feedback
reflex arise from the carotid sinuses and aortic arch, Dener-
vation of the afferent fibers of the baroreflex (sinoaortic de-
nervation; SAD) was originally reported to induce neurogenic
hypertension in rats (9). However, several studies using
long-term continuous blood pressure measurement in the
conscious state have shown that SAD does not affect the av-
erage blood pressure level and induces a marked increase in
blood pressure variability (10, 11).

The aim of this study was thus to elucidate the effects of
blood pressure lability on vascular function and remodeling
in SAD rats. In the first experiment, we examined the iso-
metric tension of isolated aortic rings to investigate endothe-
lial vasomotor function. In the second experiment, the de-
gree of neointimal formation after balloon injury of the
carotid artery was analyzed.

Methods

SAD Procedure

Ten-week-old male Wistar rats (Japan Clea, Tokyo, Japan)
were used in this study. They were kept individually in stain-
less steel cages in a room where lighting was controlled (12
h on, 12 h off) and room temperature was maintained at
around 22°C, They were given a standard diet and water ad
libiturn. The experimental protocols were approved by the
Animal Research Committee of the University of Tokyo.
SAD was performed according to the method,of Krieger
with slight modification (9). Biiefly, rats were anesthetized
with a single intraperitoneal injection of pentobarbital
(50mg/kg). A midline neck incision was made and the ster-
nocleidomastoid muscle was retracted laterally. The cervical
sympathetic trunks, the superior laryngeal nerves and the
aortic depressor nerves were bilaterally isolated and resect-
ed. The carotid sinuses were stripped of all connective tissue
and treated with 10% phenol. After this procedure was com-
pleted, the incision was sutured. Sham-operated rats under-

went the same procedure except that afferent fibers of the
baroreflex were not denervated.

Continuous Mean Arterial Pressure (MAP) Recording

The femoral artery and vein were catheterized with polyeth-
ylene tubes (PE-50 and PE-20, respectively; Becton Dickin-
son, Parsippany, USA). To confirm denervation, baroreflex
sensitivity was evaluated after intravenous bolus injection of
phenylephrine hydrochloride (6 mg/kg). MAP and heart rate
were recorded continuously via the arterial catheter in the
conscious state over a 3-h period (2 to 5 PM). Continuous
recording was performed from 1 to 3 days and again at 4
weeks after SAD operation. Data were sampled every 20 s
with an analog-to-digital converter and stored on a Macin-
tosh computer. The average value and standard deviation of
MAP were calculated. The standard deviation of MAP was
used as an index of blood pressure lability.

Vascular Reactivity of Aortic Rings

Four weeks after SAD or sham operation, the vasoreactivity
of isolated aortic rings was evaluated as described previously
(12, 13) with slight modification (Fig. 1A). The rats were
killed with a lethal dose of anesthetic, and the thoracic aorta
was removed. The aorta was dissected free of adherent fat
and connective tissue and cut into rings (3mm in length).
The aortic .ring was placed horizontally between L-shaped
stainless wires in an organ bath chamber filled with oxy-
genated (95% 02, 5% CO2) balanced salt solution (37°C,
pH7.4) of the following composition: NaCl 112 mmel/]l, KCl
4.7mmol/l, CaCla 0.9 mmol/l, MgClz 1.2mmol/l, NaHCOs3
25mmol/l, KH2POs 1.2mmol/l, glucose 11mmol/l, and
EDTA 0.026 mmol/l. The aortic ring was connected to a
force transducer for isometric tension recording. After a
60-min equilibration period, the ring was gradually stretched
to an optimal resting tension of 2 g. Then the ring was con-
tracted by addition of KCl (60 mmol/l) and washed with fresh
balanced salt solution. The aortic ring was allowed to
equilibrate for 30 min before the experiment.

To test the vasorelaxing reactivity, the aortic ring was pre-
contracted with norepinephrine (100nmol/) and then re-
laxed by cumulative addition of an endothelium-dependent
vasodilator, acetylcholine (1 nmol/l to 10 gmol/l), or an en-
dothelium-independent vasodilator, sodium nitroprusside
(Lnmol/1 to 10 umol/l). Relaxation was expressed as a per-
centage of the tension induced by norepinephrine.

NO Production by Aortic Rings

Four weeks after SAD or sham operation, the isolated aortic
ring was opened longitudinally and incubated in 1ml bal-
anced salt solution containing acetylcholine (1 gmol/l) and L-
arginine (100 umol/l) at 37°C. After 20 or 60 min of incuba-
tion, a sample of the solution was collected to analyze ni-
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trité/nitrate concentration as a measure of NO release. After
incubation, the wet weight of the aortic ring was measured.
Nitrite/nitrate concentration in the solution was determined
using an automatic analyzer that employs automated flow in-
jection analysis (TCI-NOX5000S; Tokyo Kasei Kogyo,
Tokyo, Japan) as described previously (14). Briefly, the sam-
ple (0.1ml) was diluted with 0.4ml distilled water, and
0.3ml 0.3 eq/l NaOH was added. After incubation for 5 min
at room temperature, 0.3 ml 5% (w/v) ZnSQ4 was added, and
the sample was incubated for an additional 5 min. The mix-
ture was centrifuged at 2,800 Xg for 10 min and the super-
natant was applied to the analyzer. The nitrite reacted with
Griess reagent to form a purple azo compound. The ab-
sorbance at 540 nm was measured. The nitrate concentration
was determined by means of reduction to nitrite through a
copperized ¢admium reduction column,

Balloon Injury in the Carotid Artery

In a separate experiment, balloon injury of the carotid artery
and SAD (or sham operation) were performed simultaneous-
ly in order to investigate the effects of blood pressure lability
on neointimal formation (Fig. 1B). Balloon injury was per-
formed as described previously (I5). Briefly, a 2 French
Fogarty arterial embolectomy balloon catheter (Baxter, Irvine,
USA) was inserted into the left common carotid artery
through the left external carotid artery and advanced to the
aortic arch. The balloon was inflated with saline and gradually
withdrawn to the carotid bifurcation. This procedure was
repeated three times, and then the balloon catheter was
removed and the left external carotid artery was ligated.

The rats were killed with a lethal dose of anesthetic 14
days after balloon injury. The carotid artery was perfused
and fixed with 4% paraformaldehyde at 100 mmHg and then
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removed for histological examination.

Morphometric Assay

Morphometric assay was performed as described previously
(16). The middle third of the fixed carotid artery was embed-
ded in paraffin, and multiple 5-um cross sections were
stained with hematoxylin and eosin or elastica van Gieson.
After the section was photographed, the image was scanned
and analyzed using NIH Image software. Then, the area of
the neointima and of the media and the neointimal-to-medial
area ratio were calculated. Three portions of each sample
were analyzed, and the mean values were subjected to statis-
tical analysis.

In Vivo Cell Proliferation Assay

Immunohistochemical staining of sections was carried out by
the streptavidin-biotin-peroxidase method as described pre-
viously (17). We used anti-proliferating cell nuclear antigen
(PCNA) antibody (PC10, 10 tig/ml; Boehringer Mannheim
Biochemica, Mannheim, Germany) and normal mouse IgG
(10 ug/ml) as the primary antibody. Specifically bound anti-
body was visualized by immersing the section in a substrate
solution of 3,3-diaminobenzine (Vector Laboratories,
Burlingame, USA). The number of positively stained nuclei
within the neointima was counted, and the ratio of the num-
ber of positive cells to the total number of cells, expressed as
a percentage, was calculated as an index of proliferation.
Three vision fields of each sample were analyzed, and the
mean values were subjected to statistical analysis.

Data Analysis

All values were expressed as the mean==SEM. In the vascu-
lar reactivity experiment, the concentration of substance (ex-
pressed as —log mol/l) evoking 50% relaxation (pDs2) and
the maximum relaxation response (expressed as a percentage
of precontraction response) were calculated. Unpaired
Student’s r-test was used for statistical analysis of dif-
ferences between the two groups. Values of p<0.05 were
considered to indicate statistical significance.

Resulis

Baroreflex sensitivity was assessed 3 days after SAD in
terms of the reflex reduction in heart rate occurring in re-
sponse to phenylephrine-induced increase in MAP level.
When expressed as the ratio of heart rate decrease to MAP
increase, the reflex response in SAD rats (n=10) was signif-
icantly diminished compared with that in sham-operated rats
(n=06) (—1.09+0.23 vs. —4.43£0.96bpm/mmHg, respec-
tively, p<<0.01).

The typical heart rate and MAP recordings of a SAD rat
and a sham-operated rat on day 3 are shown in Fig. 2. A
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Fig. 2. Representative heart rate and mean arterial pres-
sure (MAP) recordings of a sinoaortic-denervated rat (SAD)
and a sham-operated rat (Sham).
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Fig. 3. Average level of mean arterial pressure (MAP) (A)
and standard deviation of MAP (B) from day 1 to day 3 after
sinoaortic-denervation (SAD) or sham operation (Sham) in
rats. Each bar represents the meanSEM (n=15 for each

group).

marked increase in short-term MAP variability with an
equivalent average level of MAP was observed in the SAD
rat. A summary of MAP data on days 1-3 after operation is

Table 1. Effects of Sinoaortic Denervation for 4 Weeks on
Body Weight, Heart Rate and Mean Arterial Pressure in
Conscious Rats

Sham SAD
Body wegiht (g) 440+12 400412
Heart rate (bpm) 447128 486+21
Mean arterial pressure (mmHg)
Average 121£53 124140,
Standard deviation 4.7+09 13.3+0.9*

Values are expressed as mean®SEM of 5-7 animals. Sham,
sham-operated rats; SAD, sinoaortic-denervated rats. * p<0.01
vs. sham-operated rats.

Table 2. Maximum Response and Sensitivity (pD2) to
Acetylcholine and Sodium Nitroprusside in Isolated Aortic
Rings of SAD and Sham

Sham SAD

Maximum contraction to 0.84£0.15  0.87£0.05
norepinephrine (g)
Acetylcholine

Maximum relaxation ®

(% of precontraction) 90.6+3.0 66.6+2.2

pD2 (—log mol/i) 7211+026 6.441+0.16%
Sodium nitroprusside

Maximum relaxation

(% of precontraction) 98.3+13 95.8+16

pD2 (—log mol/l) 6.9440.12  6.69%0.10

Values are expressed as meantSEM of 5~7 animals. Sham,
sham-operated rats; SAD, sinoaortic-denervated rats. pDa2, con-
centration evoking 50% relaxation. * p<<0.05 vs. sham-operated
rats.

shown in Fig. 3. The average MAP level was not significant-
ly different between SAD rats and sham-operated rats from 1
to 3 days after SAD (or sham operation) (Fig. 3A). However,
the standard deviation of MAP, an index of blood pressure
lability, was significantly greater in SAD rats at these time
points (Fig. 3B). Table 1 shows the effects of SAD for 4
weeks on body weight, heart rate, and MAP. The body
weight, heart rate, and average MAP value in sham-operated
rats were identical to those in SAD rats. In contrast, the stan-
dard deviation of MAP in SAD rats remained significantly
greater than that in sham-operated rats. Similar results on av-
erage MAP and standard deviation of MAP were obtained at
2 weeks after the operation (data not shown).

Four weeks after SAD or sham operation, the vasoreactiv-
ity of isolated aortic rings was evaluated. Maximum contrac-
tion in response to norepinephrine (100 nmol/l) was similar
in the two groups (Table 2). Endothelium-dependent relax-
ation in response to acetylcholine was impaired in the SAD
group (Fig. 4A). Table 2 shows that both maximum relax-
ation and sensitivity (pD2) in response to acetylcholine were
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Fig. 4. Endothelium-dependent relaxation response to
acetylcholine (A) and endothelium-independent relaxation
response to sodium nitroprusside (B) in isolated aortic rings
of sinoaortic-denervated rats (SAD) and sham-operated rats
(Sham). Data are expressed as the percent relaxation of con-
traction evoked by norepinephrine (100 nmol/l) and shown
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sham-operated rats for maximum relaxation.

significantly reduced in the SAD group compared with the
values in the sham-operated group (Fig. 4A, Table 2). On the
other hand, endothelium-independent relaxation in response
to sodium nitroprusside was not significantly different be-
tween the SAD group and sham-operated group (Fig. 4B).
As shown in Table 2, the maximum relaxation response to
sodium nitroprusside was identical in the two groups. Sensi-
tivity to sodium nitroprusside tended to be slightly impaired
in the SAD group; however, this difference was not statisti-
cally significant (Table 2).

To analyze endothelial NO release from isolated endothe-
lium-preserved aortic rings, the nitrite/nitrate concentration
was measured in a balanced salt solution containing acetyl-
choline (1 umol/l) 4 weeks after SAD or sham operation. As
shown in Fig. 5, acetylcholine-induced NO production by
aortic rings was significantly reduced in the SAD group at 60
min after stimulation compared with that in the sham-operat-
ed group.

To investigate the effects of SAD on neointimal forma-
tion, SAD (or sham operation) and balloon injury were per-
formed simultaneously, and then the injured carotid arteries
were isolated 2 weeks after the procedures. Representative
photomicrographs are shown in Fig. 0A and B. The neointi-
mal area and neointimal-to-medial area ratio were signifi-
cantly increased in the SAD group compared with those in
the sham-operated group (Fig. 7A, C), while no significant
difference was observed in medial area between the two
groups (Fig. 7B). To evaluate cell-proliferating activity in vi-
vo, immunohistochemical staining using anti-PCNA anti-
body was performed (Fig. 6C, D). The percentage of PCNA-
positive cells in the neointima was significantly increased in
‘the SAD group compared with that in the sham-operated
group (SAD group, 11.8+1.0%; sham-operated group,
8.2+1.0%; n=06, p<0.05).
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Fig. 5. Acetylcholine (1 umol/l)-induced NO production by
isolated aortic rings derived from sinoaortic-denervated rats
(SAD) and sham-operated rats (Sham). Each bar represents
the mean=SEM (n=5-7 for each group).

Discussion

SAD was previously reported to cause neurogenic hyperten-
sion (9). However, in that study, blood pressure was mea-
sured indirectly in restrained rats, and hypertension may
have been attributable to the acute response to restraint
rather than the effect of SAD. Several recent studies have re-
ported an absence of sustained hypertension in SAD animals
using direct measurement over a long period (10, 11). These
reports concluded that SAD induces a marked increase in
blood pressure lability without affecting the average blood
pressure level. Consistent with these: findings, our data
demonstrated that blood pressure lability (standard deviation
of MAP) was significantly increased without elevation of av-
erage MAP in SAD rats from the initial phase (days 1-3) to
the chronic phase (4 weeks after SAD). Therefore, we con-
sidered that SAD rats are appropriate as an animal model of
blood pressure lability to evaluate the effects of blood pres-
sure lability on the vascular wall in vivo.

Recent studies have shown that endothelinm-derived NO
is not only a potent vasorelaxing factor, but that it also exerts
an antiatherogenic action by inhibiting the migration and
proliferation of vascular smooth muscle cells (I8, 19),
monocyte adhesion to the endothelium (20), and platelet ag-
gregation (21, 22). In addition, endothelial dysfunction has
been considered to be an important process in the early stage
of atherosclerosis (23). Therefore, it is of critical importance
to investigate whether endothelial dysfunction is present in
this animal model of blood pressure lability. In the present
study, the endothelium-dependent relaxing response of iso-
lated aortic rings from SAD rats was significantly decreased
compared with that in sham-operated control rats, whereas
the endothelium-independent relaxation responses by sodium
nitroprusside were comparable between the two groups. Al-
though similar results were reported recently (24), the mech-
anisms underlying impaired endothelium-dependent vaso-
motor function in SAD rats have not been elucidated. To
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A

Fig. 6. Representative histological sections of common carotid arteries 14 days after balloon injury from a sham-operated rat
(A, C) and a sinoaortic-denervated rat (SAD) (B, D). Elastica van Gieson staining (A, B) and immunohistochemical staining us-
ing anti-proliferating cell nuclear antigen (C, D). The arrow indicates the internal elastic lamina and the arrowhead indicates

the luminal margin, Magnification, X 100 (A, B) and X400 (C, D),
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Fig. 7. A and B show cross-sectional areas of the neointima and media, respectively, of carotid arteries 14 days after balloon
injury from sinoaortic-denervated rats (SAD) and sham-operated rais (Sham). C shows the neointimal-to-medial area ratio of
carotid arteries from the same two groups. Each bar represents the mean®=SEM (n=6 for each group).

clarify this point, we also evaluated NO production from iso-
lated aortas. Acetylcholine-induced NO release from en-
dothelium-preserved aortic rings was also significantly de-
creased in SAD rats. Since NO release is not stimulated by
acetylcholine in endothelium-deprived aortic rings (25), en-
dothelial NO production is considered to be reduced in SAD
rats. Other possible mechanisms of impairment of endothe-
lial function in SAD rats should be examined. As is the case
with endothelial dysfunction in animal models of hyperten-
sion (26, 27), several mechanisms can be hypothesized, such
as augmented endothelium-derived constricting factor, in-
creased NO inactivation (augmented superoxide production),
and desensitization of vascular smooth muscle to endotheli-

um-derived vasorelaxing factor. In fact, mechanical stretch
stimulates superoxide production in cultured vascular en-
dothelial cells (28). To address these issues, further investi-
gation is needed, including the measurement and blockade of
superoxide and endothelium-derived constricting factor in
SAD rats. However, taking these results together, we can
conclude that SAD itself causes endothelial dysfunction in
rats, at least in part by inhibiting endothelial NO production.

In the second set of experiments, we examined whether
SAD affects the vascular structural change induced by bal-
loon injury. Neointimal formation after balloon injury was
significantly enhanced in SAD rats compared with that in
sham-operated rats. It has been reported that atherosclerotic



