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SUMMARY

A reduction in the buffering capacity of the
thoracic aorta with ageing and in
hypertension may induce left ventricular
hypertrophy and may result in heart failure
and cardiac arrhythmias. The buffering
capacity of the thoracic aorta is defined by
the diastolic diameter and the elastic
properties of the aortic wall. Factors that
are believed to influence the elastic
properties and diameter of the thoracic
aorta are the arterial wall components, wall
thickness, and the operating blood
pressure. The structural organization of
large arteries  displays  remarkable
alterations  with ageing and in
hypertension, but it remains to be
established whether these alterations are
directly related to the deterioration of the
buffering capacity.

Spontaneously hypertensive rats
(SHR) are characterized by hemodynamic
properties that resemble those encountered
in human  essential  hypertension.
Therefore, SHR are considered a valid
model to investigate the effect of
hypertension on mechanical and structural
properties of the thoracic aorta.

In view of the above, the aims of the
present study were as follows:

Aim 1I: to investigate effects of smooth
muscle tone on the mechanical properties
of the thoracic aorta in conscious
normotensive and hypertensive rats.
Smooth muscle activity was altered by
modulation  of  «,-adrenergic  and
angiotensin II receptor activity.

Aim 2: to study the relationship between
aortic media structure and mechanical
properties in hypertension and ageing. The
structural part of the study focusses on
media thickness and cross-sectional area,
and on collagen and elastin content and
density. The functional part focusses on
compliance and distensibility of the
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thoracic aorta, and its incremental elastic
or Young’s modulus.

Aim 3: to investigate the aggravating effect
of hypertension, if any, on the changes in
mechanical properties observed with
ageing.

Aim 4: to study the effects of long term
antihypertensive therapy on the aortic
mechanical properties in hypertensive rats
during the development of high blood
pressure. This approach allows the
investigation of the influence of aortic
blood pressure and the activity of
neurohormonal systems on mechanical and
structural properties.

Aim 5: to examine the influence of the
enhanced expression of renin on the
structural and mechanical properties of the
thoracic aorta.

The wall material of arteries
shows viscoelastic behavior which makes it
necessary to nmeasure arterial wall
mechanics under dynamic conditions,
Therefore, a technique to assess dynamic
aortic distensibility and compliance in
intact anesthetized and awake rats is
developed. In Chapter 2 a non-invasive
ultrasonic technique is presented, which is
based upon tracking of the arterial wall
displacements with a vessel wall tracking
device attached to a conventional B-mode
imager, to assess end-diastolic aortic
diameter (d) and on aortic diameter
changes during the cardiac cycle (Ad) in
anesthetized and awake rats. From these
parameters and the  simultaneous
invasively measured aortic pulse pressure
(AP), aortic distensibility and compliance,
the relative and absolute increase in lumen
cross-sectional area for a given increase in
blood pressure (P), can be calculated. d, Ad
and AP could be determined with good
intra-session (variations per day) and inter-
session  (variations  between  days)
coefficients of variation (CV). The CV's
for Ad were smaller in awake (4.6-6.0%)
than in anesthetized rats (7.9-11.0%),
probably due to variations in AP during



anesthesia (CV: 9.0-12.3%). The CV's for
d in awake (3.3-6.5%) and anesthetized
rats (2.6-5.0%) were comparable. In awake
rats the CV for Ad, but not for d,
increased after implantation of the aortic
catheter. It 1s concluded that d, Ad and AP
of the aorta can be reliably measured non-
invasively in anesthetized and awake rats,
allowing the in vivo assessment of aortic
distensibility and compliance.
Furthermore the technique was found to
be sensitive enough to detect acute effects
of pharmacological agents on aortic wall
properties.

In chapter 3 we evaluate whether
smooth muscle tone modulates elastic
properties of the aorta in conscious rats.
We, therefore, applied ultrasound wall
tracking at the level of the thoracic aorta in
conscious restrained normotensive WKY
and SHR during intravenous administration
of vasoactive agents. In WKY, the a,-
adrenoceptor antagonist prazosin (0.2 to 5.0
pg’kg.min) significantly increased the
diastolic lumen area of the aorta (A, +
20% at the highest dose), but did not
modify the compliance (CC) or
distensibility (DC) of the vessel. Similarly,
the AT, -receptor antagonist losartan (30
pg/kg.min) increased A, (+19%), but did
not modify CC or DC. Low doses of the -
adrenoceptor agonist phenylephrine (0.08
to 2.0 pg/kg.min) did not modify blood
pressure (P) nor the A, , CC or DC of the
aorta. At higher doses of phenylephrine (10
pg/kg.min), both P and A, (+36%) were
increased and CC and DC were reduced.
Similar effects were observed with
angiotensin II (4 to 100 ng/kg.min). In SHR
the  vasopressor  agonists  induced
qualitatively similar effects: low doses were
without effect on the aorta, while high
doses caused increases in both P and A,
and decreases in CC and DC. Losartan (30
pg/kg.min) did not elicit significant
responses in SHR, while prazosin (5.0
pg/kg.min) induced a marked reduction of
P that was accompanied by a fall of A, and
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a significant increase in CC. Prazosin
abolished the difference in blood pressure
between WKY and SHR, while
phenylephrine and angiotensin II raised P
in WKY to the level seen in SHR. In each
of these isobaric conditions, A,, and CC
were significantly smaller in SHR than in
WKY, while the elastic modulus was
comparable in both strains. These results
suggest that in conscious restrained rats, the
thoracic aorta is in a state of active
vasoconstriction (most likely due to
endogenous catecholamines) and that this
activity of the aortic smooth muscle does
not influence the dynamic in vivo
mechanics of the wvessel. The results
furthermore confirm that the compliance of
the rat aorta is primarily dependent upon
blood pressure and that pressure-
independent differences between WKY and
SHR are largely due to the smaller aortic
lumen in the hypertensive rats.

In  hypertension, arterial wall
properties may not solely depend on
increased blood pressure. In chapter 4 we
investigated the relationship between the
development of hypertension and thoracic
aortic wall properties in 1.5, 3 and 6 month
old SHR and  WKY. During
ketamine/xylazine anesthesia, compliance
and distensibility were assessed by means
of the noninvasive ultrasound technique
combined with invasive blood pressure
measurements. The type of anesthesia used
acutely abolished the difference in blood
pressure between both strains.
Morphometric measurements provided in
vivo media cross-sectional area and
thickness, allowing the calculation of the
incremental elastic modulus. Extracellular
matrix protein contents were determined as
well. At the age of 1.5 month, conscious
blood pressure was not significantly
different in SHR and WKY, but compliance
and distensibility were significantly lower
in SHR. Incremental elastic modulus was
not significantly different between SHR
and WKY at this age. Media thickness was



significantly larger in SHR than in WKY,
but there was no significant difference in
collagen density and content. The findings
in this study show that in SHR alterations
in dynamic in vivo mechanical aortic wall
properties precede the development of
hypertension. The decrease in compliance
and distensibility at young age most likely
results from an increase in media thickness
rather than a change in intrinsic elastic
properties. It may be worthwhile to test in
future experiments that these early
alterations result from a mismatch between
the growth of the arterial lumen and that of
the arterial wall mass during fetal
development.

In chapter 5 aortic wall properties
in 3-and 6- month old normotensive WKY
and SHR were during acute normalization
of blood pressures in vivo. During
ketamine/xylazine anesthesia we performed
ultrasound arterial wall tracking and
invasive  pressure measurements to
determine, at the level of the thoracic aorta,
diastolic pressure, diastolic lumen area,
changes in pressure and lumen area during
the cardiac cycle, and aortic compliance
and distensibility. These observations were
combined with histological measurements
for the assessment of media cross-sectional
area and thickness and the incremental
elastic modulus under conditions as
expected in situ. Anesthesia abolished the
difference in diastolic pressure between
SHR and WKY. In WKY, diastolic area
and incremental elastic modulus increased
significantly,  distensibility  decreased
significantly, and all other recorded
variables did not change significantly
between 3 and 6 months of age. In SHR,
diastolic area and incremental elastic
modulus increased, distensibility decreased,
and all other mechanical and structural
properties of the aortic wall did not change
significantly between 3 and 6 months of
age. At both ages diastolic area and
compliance were significantly smaller in
SHR than in WKY. The other mechanical
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and structural properties measured or
calculated at comparable pressure did not
differ  between  strains.  Therefore,
differences between the aorta of 3 and 6
month old rats and between strains
observed in vivo at comparable pressures
can largely be attributed to differences in
lumen caliber. These may represent the first
findings concerning inward remodeling of
the aorta in intact rats.

In humans, compliance and
distensibility of the elastic arteries decrease
with age. It has been proposed that
hypertension has an accelerating effect on
the decline of elasticity of arteries and on
the structural changes as seen with ageing.
In Chapter 6, the effect of hypertension on
aortic wall properties in ageing SHR and
age matched WKY is described. During
ketamine/xylazine anesthesia compliance
and distensibility were assessed by means
of the noninvasive ultrasound technique
combined with invasive blood pressure
measurements. Morphometric
measurements provided in vivo media
cross-sectional area and thickness, allowing
the calculation of the incremental elastic
modulus. Extracellular matrix protein
contents were determined as well. The
findings in this study show that the
compliance of the thoracic aorta is lower in
aged than in the adult WKY, due to a
decrease in distensibility. On the other hand
in SHR the compliance does not change
with age, despite a decrease in distensibility
of the thoracic aorta. In SHR the decrease
in compliance seems to be compensated for
by an increase in diameter. Progressive
increases in media mass, as indicated by the
larger media cross-sectional area and
thickness, were found in both strains, but
were more pronounced in SHR than in
WKY. The elastic properties of the thoracic
aorta did not change with increasing age in
both strains, as indicated by the absence of
significant differences in the incremental
elastic modulus between age categories.
Altogether these observations indicate that
































