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Summary

The heart weight and the structure of coronary and carotid arteries were studied in NO-deficient
hypertension. Wistar rats were administered L-NAME (50 mg/kg/day) in drinking water for a period of
8 wecks. The blood pressure and heart rate were recorded weekly. In one group of control and
experimental animals the heart weight was assessed and the heart/body weight ratio (relative heart
weight) was calculated. In the other group of control and experimental animals, the cardiovascular
system was perfused by a fixative under constant perfusion pressure. The inner circumference and the
wall thickness (tunica intima and tunica media) of the coronary (septal branch) and carotid artery were
measured using light microscopy and the wall/diameter ratio was calculated. Inhibition of NO synthase
induced a significant increase in blood pressure (187.2+4.2 mm Hg compared to 131.4+1.9 mm Hg in the
controls, p<0.01). The heart rate decrcased (334.4+7.0 beats/min compared to 352.6+4.1 beats/min in the
controls, p<0.05). The heart weight increased in NO-deficient rats (1.32+0.08 g versus 1.10+0.03 g, p<0.05);
the heart/body weight index increased remarkably (3.09+0.15 compared to 2.10+0.04 in the controls,
p<0.01). Morphometry of the septal branch of the left coronary artery indicated a decrease of the inner
circumference (664424 um versus 832+30 um, p<0.01), the increased wall thickness (21.15+0.84 ym
compared to 12.47+0.62 um in the controls, p<0.01) and the remarkably changed wall/diameter ratio
(1:10 versus 1:21 in the controls). Similar alterations were found in the carotid arteries: the inner
circumference was decreased (2456439 um versus 2732+66 um, p<0.01), the wall thickness increased
(45.14+0.41 ym compared to 26.08+1.23 um, p<0.01) and the wall/diametér ratio was changed to 1:17 in
comparison with 1:33 in the controls. In conclusion, cardiac hypertrophy and structural alterations of the
coronary artery and carotid artery accompany NO-deficient hypertension.
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Introduction

Soon after Rees e al (1990) had  experimental model. Studies of the new model of

demonstrated that the acute blockade of NO synthase
increased blood pressure in anaesthetized animals,
several authors described sustained hypertension after
long-term inhibition of NO synthase in conscious
animals (Baylis ef al. 1992, Ribeiro et al. 1992, Jover et
al. 1993, Pollock et al. 1993, Gerova et al. 1995).
Dananberg et al. (1993) suggested the term
"NO-deficient  hypertension" for the  above

hypertension revealed some unexpected features. Arnal
et al. (1993) demonstrated that hypertension caused by
long-lasting NO synthase inhibition was not
accompanied by cardiac hypertrophy in the majority of
experimental animals. Their results were confirmed by
Bernitovd and Pechdtiovd (1995). These findings
contrasted with the unequivocal cardiac hypertrophy in
renal hypertension.
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As far as vascular smooth muscle is concerned,
Garg and Hassid (1989) and Nakaki ef al. (1990)
demonstrated that NO inhibited mitogenesis and
proliferation. Thus the blockade of the NO producing
process, followed by an increase of blood pressure,
could induce remodelling of the vessel wall
Surprisingly, in rats with NO-deficient hypertension,
Dunn and Wilson (1993) did not find any changes in
either conduit arteries or resistant mesenteric vessels,
which are responsible for increased blood pressure. On
the other hand, Morton et al. (1993) found structural
changes in the mesenteric vascular bed after 4 weeks of
NO synthase blockade. Recently, Delacretaz et al.
(1994) described an increase in the intima-media
thickness of the rat carotid artery without changes in
the inner diameter. They hypothesized the
development of very early vascular hypertrophy.

The aim of this study was to find whether a
long-lasting load of the cardiovascular system, induced
by hypertension due to inhibition of NO synthase,
results in remodelling of the cardiovascular system. As
a first approach, we studied the weight of the heart and
the geometry of the coronary and carotid artery, i. e.
vessels supposed to be most frequently affected by high
blood pressure.

Methods

Wistar male rats were taken for the study.
Two groups, each containing 14 animals, were used. At
the beginning of the experiment the animals were
10 weeks old. Control animals were given tap drinking
water. The experimental animals were given L-nitro-
arginine methyl ester (L-NAME, 50 mg/kg b.w./day)
into the drinking water for 8 weeks. Systolic blood
pressure was measured in both groups by the tail
plethysmographic method and registered on a BP
Recorder 8005 W +W Electronic each week.

At the end of the experiment, the animals
were sacrificed by an overdose of Pentobarbital

(100 mg/kg b.w., i.p.). In seven control rats and in the
same number of animals of the experimental group the
chest was opened, the heart excised and weighed. In
other seven controls and seven experimental animals
the chest was opened and the cardiovascular system
was perfused under constant perfusion pressure of
120 mm Hg for 10 min via a cannula placed in the left
ventricle. As a fixative, 3 % glutaraldehyde in 0.1 M
phosphate buffer was used. After 10 min of perfusion,
the middle part of the common carotid artery and the
upper half of the septal branch of the left coronary
artery were excised. The septal branch was used
because its upper part runs on the surface of the
myocardium, is well defined and easily accessible. Both
arteries were divided into three segments (1 mm long)
and postfixed with 2 % osmium tetroxide. After double
fixation, the specimens were stained en block with 2 %
uranyl acetate, dehydrated through ascending
concentrations of alcohol and embedded in Durcupan
ACM. Two randomly selected blocks of each artery
were cut perpendicularly to the long axis. Two
representative areas of each block approximately
0.5 pm thick were sectioned and stained by methylene
blue solution. Both the inner circumference and
thickness of the arterial wall (tunica intima and tunica
media) of the respective vessel were measured in the
light microscope. Arterial wall thickness was measured
at about 45° intervals around the vessel circumference.
Thus, the average of 4 measurements of the inner
circumference and 32 measurements of arterial wall
thickness from each animal were taken as
representative of each parameter. From the data
measured, the inner diameter and the arterial wall area
(tunica intima and tunica media) were calculated. The
parameters studied were expressed as means + S.E.M.
ANOVA, Bonferroni test and Student’s t-test for
unpaired variables were used for statistical evaluation.
Values were considered to be significant at p<0.05.
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Results

In rats treated with L-NAME for a period of
eight weeks the average systolic blood pressure was
187.3+42 mm Hg and in age-matched control rats
132.5+1.2 mm Hg (p<0.01). The heart rate was
3344+7.0 beats/min in experimental animals and
352.6+4.1 beats/min in the controls (p<0.05) (Fig. 1).
of experimental

The body weight animals was

significantly lower than in the controls (418.6+13.3 g
versus 487.1+7.8 g, p<0.01) (Fig. 2).

Contrary to the body weight, the heart weight
in experimental animals increased to 1.32+0.08 g, while
in control animals it was 1.10+£0.03 g (p<0.05). The
relative heart weight (heart/body weight index)
increased significantly from 2.10+0.04 to 3.09+0.15,
p<0.01 (Fig. 2).

Fig. 3

Cross-section of the septal branch of the left coronary artery. a — artery from control rat, b — artery from L-NAME
treated rat. Tunica media (M), tunica adventitia (A). Bar 50 um.

Semithin cross-sections of the arterial wall
from rats administered L-NAME clearly indicated an
increase in the wall thickness of both the septal branch
of the left coronary artery (Figs 3a, 3b) and of the

carotid artery (Figs 4a, 4b). The morphometric
measurements of the septal branch of the coronary and
the carotid artery in controls and in animals after
administration of L-NAME yielded the following data.



364 Kristek, Gerova

Vol. 45

Fig. 4

Cross section of the carotid artery. a — artery from control rat, b — artery from L-NAME treated rat. Tunica media

(M), tunica adventitia (A). Bar 50 um.

Septal branch of the left coronary artery.
(Fig. 5). The inner circumference was 664.4+24.7 um
in the experimental rats and 832+30.3 um in age-
matched controls (p<0.01). The calculated diameter
was 211.5+7.8 um in experimental rats and 264.9+9.65
um in the controls (p<0.01). The wall thickness (tunica
intima and tunica media) was found to be 21.15+0.84
um in experimental animals, whereas it was 12.47+0.62

um in the controls (p<0.01). Since wall thickness
depends on intravascular pressure, we also calculated
the wall area in both groups of animals. The calculated
wall area was 15.5+0.8 x 103 um? in experimental rats
and 11.2+0.9 x 103 um? in the controls (p<0.01). The
wall/diameter ratio 1:10 (106.5+3.7 x 1073) in
experimental rats changed from 1:21 (48.0+1.9 x 1073)
in control animals (p<0.01).
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Carotid  artery. (Fig. 6). The inner
circumference of the experimental arteries was
2456+39 um, in the controls 2732+67 um (p<0.01).
The calculated inner diameter was 781.8+1.4 um in
experimental rats and 869.8+21.2 um in the controls
(p<0.01). The thickness of the arterial wall in
experimental rats was 45.14+1.41 um and 26.08+1.23

um in the control animals (p<0.01). The calculated
wall area was 117.6+4.6 x 103 um? and 73.3+3.6 x 103
um? (p<0.01). The wall/diameter ratio changed
markedly to about 1:17 (579217 x 1073) in
hypertensive rats from the control value of about 1:33
(30.2+ 1.7x1073) (p<0.01).



1996 The Heart and Large Vessels in NO Deficiency 365
*
3000 ~ N * - 50 *
s * T L - 60 Ll
‘E 2500 - > 7 =)
-40 — -
Inner circumference, wall thickness O 2000 / e o
. . . c 2
(tunica intima and tunica media) g r30 @ / 40 QE)
and wall/diameter ratio of carotid L 1500 A T i & _ / ®
artery in control rats (open columns) g o _‘é / o
and L-NAME treated rats (hatched = 1000 4 = / =
columns). ** P<0.01. o / I © % 20 g
© ‘ 7 o S
£ 500 A % % i
0 Z % // 5

Discussion

Eight weeks’ lasting inhibition of NO synthase
induced a sustained increase in blood pressure and a
slight decrease in heart rate. The hypertension was
characterized by an increase in absolute and relative
heart weight, both indicating cardiac hypertrophy. Our
findings are in agreement with the data of Morton ef al.
(1993) and Delacretaz et al. (1994), but they contradict
the data of Arnal et al. (1993) and the first data of
Bernatova and Pechatova (1995) who used the same
inhibitor and similar duration of NO synthase
inhibition. Recently, however, Bernétova et al. (1996)
focussing in particular on the left ventricle also found
an increase in left ventricle weight in L-NAME treated
rats. It seems that the duration of NO deficiency plays
a role in cardiac hypertrophy.

The effect of NO level on cardiac performance
has been studied in vitro and in acute experiments but
the results are controversial. Weyrich et al. (1994)
reported no negative inotropic effect in cat and rat
papillary muscles, in a fairly large range of NO levels.
In their experiments, NO had an inhibitory effect on
contractility only in those papillary muscles whose tone
had been increased by noradrenaline. Kennedy et al.
(1994) did not find any chronotropic effect of NO on
the isolated rat heart. On the other hand, Finkel et al.
(1995) reported a clear change in the force-frequency
relation of hamster papillary muscles after inhibition of
NO synthase. Brady et al. (1993) found that NO
attenuated the contractility of cardiac myocytes. In
experiments on conscious dogs, Lechevalier et al
(1994) reported a decrease in cardiac output together
with increased blood pressure after intravenous L-
NAME administration.

Chronic inhibition of NO synthase in our
experiments, as well as in those of Morton et al. (1993)
and Delacretaz et al. (1994), demonstrated reliably that
NO-deficient hypertension was accompanied by cardiac

hypertrophy. Nevertheless, the fundamental question
still remains open. Is the triggering factor for cardiac
hypertrophy a decreased level of NO and/or cGMP in
cardiac myocytes or is it an increase in afterload? NO
deficiency should, however, trigger a completely
different pathway, for example the renin-angiotensin
system, which in turn might trigger cardiac hypertrophy
secondarily.

A further substantial question to be addressed
concerns the state of myocytes, fibroblasts and the
extracellular matrix of hypertrophic myocardium in
NO-deficient hypertension.

As far as the coronary artery is concerned, no
data are available about NO-deficient hypertension for
comparison. Our results showed that the inner
diameter of the coronary artery decreased and wall
thickness increased. In fact, we used the same pressure
of 120 mm Hg for perfusion in both control and
experimental animals and we found a significant
decrease of diameter in NO-deficient hypertensive
animals. The finding that the diameter in experimental
and control animals was different at the same pressure,
as well as the increase in wall thickness justified us to
suggest a coronary remodelling in this type of
experimental hypertension. The significantly larger
calculated wall area in experimental rats strongly
supported the above consideration.

The inner diameter also decreased in the
carotid artery. In NO-deficient hypertension,
Delacretaz et al. (1994) reported a thickening of the
wall of the carotid artery and Morton et al. (1993) of
the mesenteric artery. Delacretaz et al. (1994) did not
find a decrease in the inner diameter of the carotid
artery. The difference in the inner diameter compared
to our results, may be explained by differences in the
methodical approaches employed. We measured the
inner circumference of the coronary and carotid artery
under constant perfusion pressure, whereas Delacretaz
et al. (1994) worked on non-pressurized vessels. The
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alterations in architecture of both coronary and carotid
artery were found to be in agreement with various
vessels in several models of hypertension, e.g.
spontaneously hypertensive rats (Lew and Angus 1992),
two-kidney, one-clip Goldblatt model (Owens and
Schwartz  1983) or stroke-prone spontaneously
hypertensive rats (Baumbach and Heistad 1989).
Contrary to cardiac myocytes, there is
unequivocal evidence that NO inhibits the proliferation
of vascular smooth muscle cells (Garg and Hassid
1989, Cornwell et al. 1994, Arnal et al. 1994). In
addition, the basic haemodynamic stimulus — increase
in blood pressure — already triggered an increase in
proteosynthesis in the coronary wall after 4 hours
(Gerova et al. 1994) without changes in DNA. Thus, in
NO-deficient hypertension both stimuli, i.e. a decrease
of NO levels and increased blood pressure, seem to
operate synergically and are supposed to enhance the

contribution of vascular smooth muscle to the increase
of wall thickness.

As in the myocardium, future studies should
focus on the inner structure of the coronary and carotid
arterial wall. Namely, the important question is which
component brings about the increase in wall thickness
— cellular or non-cellular components. When
considering the increased smooth muscle contractility
induced by inhibition of endothelial NO production,
the jeopardy of coronary supply may become evident.
The same consideration holds true for the carotid
artery and the areas which it supplies. The nature of
alterations of vascular smooth muscle cells and the
subsequent changes in the ultrastructure of the
coronary and carotid wall remain open for study.
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