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Life Survival and Cardiovascular Structures 
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Spontaneously Hypertensive Rats 
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The aim of this study was to assess life survival, 
and arterial and cardiac structural changes follow
ing chronic selective ß-blockade in spontaneously 
hypertensive rats (SHR). Twenty-two SHR aged 3 
months and 20 SHR aged 18 months were treated 
with the ß a-blocking agent bisoprolol (10 mg/kg/ 
day) or placebo for a period of 2 months. At the 
end of this period left and right ventricular weight 
and morphometric parameters of five different ar
terial segments (thoracic and abdominal aorta, re
nal, mesenteric, and carotid arteries) were evalu
ated. In younger SHR, systolic blood pressure 
(tail-cuff method) was significantly lower in drug-
treated animals (225 ± 15 ν 185 ± 10 mm Hg in 
placebo-treated animals; Ρ < .001); left ventricular 
weight was significantly lower in drug-treated rats 
(0.845 ± 0.02 ν 0.932 ± 0.03 g; Ρ < .05); medial 
thickness was significantly lower in the bisoprolol-
treated rats at the site of the thoracic ( -22%) and 
abdominal ( -17%) aorta, and mesenteric artery 
( -29%); in the renal and carotid arteries, no 
change in medial thickness was observed. In older 
SHR, cardiovascular morbidity and mortality were 

significantly higher (P < .01) in the placebo group. 
In bisoprolol-treated animals, systolic blood pres
sure did not change and was even significantly 
higher than in controls. Heart weight and medial 
thickness of the thoracic aorta and the renal arter
ies were significantly lower in the Bisoprolol 
group. These results provide evidence that 2 
months of selective ß-blockade in adult SHR has 
an important antihypertrophic cardiac and vascular 
effect. The differences observed among the studied 
arterial segments cannot be due to blood pressure 
changes and may be related to intrinsic structural 
particularities or different influences of the adren
ergic tone. In older animals, the structural changes 
were associated with a significant improvement of 
life survival, together with decrease in the devel
opment of heart failure. Am J Hypertens 1994;7: 
186-192. 
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The influence of long-term antihypertensive 
drug treatment on blood pressure and car
diovascular structures has been widely stud
ied in spontaneously hypertensive rats 

(SHR). There is clear evidence that converting en
zyme inhibitors, calcium antagonists, and ß-adrener-
gic blockers suppress the development of cardiac hy
pertrophy, whereas few changes are obtained using 
diuretics, hydralazine, or Minoxidil.1 In the case of 
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arterial structure, the situation is less clear. Whereas 
converting enzyme inhibitors and calcium entry 
blockers are known to reduce substantially arterial 
hypertrophy, 2" 4 there are no relevant data concerning 
ß-blocking agents. Indeed trophic effects of periph
eral adrenerg ic ne rves on vascular s t ructure 
have been widely described in the l i t e r a tu r e 5 6 

but have been principally related to a- rather than to 
ß-receptors. 

In comparison with studies on cardiovascular 
structure changes, much less is known about the in
fluence of antihypertensive treatment on cardiovas
cular mortality and life survival in SHR. This lack of 
knowledge is principally due to the prolonged obser
vation period of about 2 years that is needed to an
swer this question in SHR. Subsequently, most re
sults stem from studies with calcium antagonists, 
conventional peripheral vasodilators, converting en
zyme inhibitors, and, to a lesser extent, diuretics. 7 

Again, little is known about ß-adrenergic blockade in 
this regard. 

In the present study, we report our experience on 
the effect of selective ß-blockade on life survival and 
cardiovascular structure in SHR. The study was per
formed in two populations of spontaneously hyper
tensive rats: a younger population of 3 months of age 
and an older one of 18 months of age. The selective 
ß-blocking agent bisoprolol was used. 8 , 9 Cardiac and 
arterial structures, involving such arteries as the 
aorta, the carotid, the mesenteric, and the renal ar
teries, were studied using available well-established 
morphometric techniques. 

MATERIALS AND METHODS 

Forty-two male SHR (Janvier France Laboratories, 
France) were divided into two groups: younger (22 
SHR of 3 months of age) and older (20 SHR of 18 
months of age) animals. In each of these two groups, 
a randomization was performed: i) in the control 
group, a standard diet was administered, whereas ii) 
in the drug group, the bisoprolol was mixed in the 
standard rat chow at a calculated dose of 20 mg/kg/ 
day. This latter dosage is known to produce an effec
tive decrease in mean blood pressure in SHR treated 
under standard conditions. 8 , 9 The arterial pressure 
was measured every 15 days by a noninvasive 
method (tail-cuff plethysmography) in all the studied 
animals. At the end of an 8-week period for the 
younger SHR and 10 weeks for the older SHR, 10 
animals died (see Results below). The remainder 
were killed and the arterial segments to be studied 
were fixed under pressure to perform the morpho
logic study. For that, the following procedure was 
appl ied . 1 0 - 1 2 After median thoracotomy and laparot
omy, the descending thoracic aorta, the abdominal 
aorta, the left common carotid artery, the left renal 

artery, and the inferior mesenteric artery were ex
posed and carefully dissected. A catheter was intro
duced into the left carotid artery and connected to a 
vial containing a solution of glutaraldehyde (2.5%) 
located above the animal. The vial of glutaraldehyde 
was placed in such a way to obtain an intraarterial 
hydrostatic pressure equal to 150 mm Hg. Then, the 
right auricle was incised and the cannula of infusion 
was opened. The animal died in the seconds follow
ing the beginning of the glutaraldehyde infusion, and 
within 1-2 min, its circulatory tract was rinsed with 
the fixation solution. When the liquid coming from 
the auricle was clear, a clamp on the auricle was po
sitioned, and the vascular system was kept under 
pressure for 2 hours while adjusting to the eventual 
leakages. The previously dissected vessels were 
taken and preserved in a solution of glutaraldehyde. 

The vessel samples were included in a gel used for 
the low-temperature sections (medium of inclusion, 
Isosystem) and cooled at - 2 0 ° C . When the gel was 
solidified, transverse sections of the arterial rings 
were obtained for each sample. The sections were 
examined with a microscope. Finally, the sections 
were photographed at a known amplification (from 
x48 for the aorta to x l 2 5 for the small arteries). 
When the films were developed, the pictures ob
tained were projected on a digitizer to measure the 
surface of the vascular lumen as well as the external 
surface of the vessel. The final amplification used 
(amplification of the microscope x enlargement of 
the projector) varied between 160 for the aorta and 
520 for the mesenteric artery. 

For each sample, the collected results were the sur
face of the vascular lumen (Si) and the external sur
face of the vessel defined by the external side of the 
media (Se). From these values, the cross-sectional 
area (CSA) of the media was calculated. As a conse
quence of the incompressibility of the arteries, the 
value of medial CSA is known to be poorly influenced 
by fixation pressure. 

The rat's heart was also excised to estimate the left 
and right ventricular weight. The results were nor
malized by body weight of the animals. The person 
performing the morphometric study did not know 
the groups from which the different rats came. 

In the present investigation, blood pressure, heart 
weight, and medial CSA were indeed higher in older 
than in younger untreated SHR, as previously ob
served by o thers . 2 , 3 , 5 However, the purpose of this 
study was exclusively to evaluate cardiovascular 
structures and life survival in the younger and older 
group by comparing the bisoprolol- and the placebo-
treated animals in each group. The effect of treatment 
on cardiovascular structures was studied using one-
factor ANOVA. In older animals, a χ 2 test was used 
to evaluate the drug effect on life survival and cardio-
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FIGURE 1. Evolution of systolic blood pressure (SBP) in the 
younger groups (tail-cuff), *P < .01. 

vascular complications. A Ρ value < .05 was consid
ered significant. 

RESULTS 

Young Animals Two rats (one per group) present
ing abnormal symptoms involving loss of weight and 
signs of respiratory insufficiency were excluded be
fore the end of the study. Another rat from the pla
cebo group was excluded for technical reasons. Thus, 
the results are presented as including 9 placebo- and 
10 bisoprolol-treated animals. All were living and had 
no cardiovascular complications. 

The systolic blood pressure (SBP) (tail-cuff) 
changes are summarized in Figure 1. From the sec
ond week of treatment, bisoprolol-treated rats pre
sented significantly lower values of SBP than did con
trol rats. This difference persisted until the end of the 
treatment period (Table 1). The body weights of biso
prolol-treated rats were slightly lower than those of 
the control rats, but the difference was not significant 
(Table 1). Left ventricular weight was significantly 
lower in rats treated with bisoprolol (P < .05; Table 
1). However, the difference was no longer significant 
when the ventricle to body weight ratio was calcu

lated (Table 1). Treatment with bisoprolol had no ef
fect on right ventricular weight. 

Table 2 summarizes the results observed in the five 
studied areas. Treatment with bisoprolol was associ
ated with a striking and highly significant antihyper-
trophic effect on three of the five arterial segments 
studied: the thoracic aorta, the abdominal aorta, and 
the mesenteric artery. In these three segments, the 
cross-sectional areas of the media in the bisoprolol-
treated rats were lower by 22%, 17%, and 19%, re
spectively, as compared with the placebo-treated 
rats. On the carotid and renal arteries, the differences 
were less important (respectively, 7.5% and 7%) and 
not statistically significant. 

Older Animals Half of the rats (5 of 10) treated with 
placebo died before the end of the 2-month treatment 
period (Figure 2). The deceased rats presented symp
toms of congestive heart failure including low blood 
pressure, loss of weight, and ascites. Among the five 
remaining placebo-treated animals, four of the five 
presented low SBP (<150 mm Hg) (Figure 3) after the 
end of the 20th month. Weight loss was also noted 
(Table 1). In these five rats, ascites was found when 
the animals were killed. In the bisoprolol-treated rats, 
2 of 10 died, presenting the same symptoms of heart 
failure as the placebo-treated rats. The remaining 
eight animals did not show any of these signs. Thus, 
in the placebo group 9 of 10 rats developed heart 
failure signs, against 2 of 10 in the bisoprolol group (P 
< .01). 

Systolic blood pressure evaluated with the tail-cuff 
method was much higher in the group of bisoprolol-
treated rats (P < .01) (Figure 3). Thus, treatment was 
not able to decrease blood pressure significantly in 
this type of aged rats. 

Bisoprolol-treated animals showed significantly 
lower values of indexed right ventricular weight 
(P < .01) versus the placebo group. The difference in 
indexed left ventricular weight was not statistically 
significant. 

TABLE 1. MEAN VALUES OF BODY WEIGHT (BW), LEFT VENTRICULAR WEIGHT (LVW), RIGHT 
VENTRICULAR WEIGHT (RVW), AND LVW/BW AND RVW/BW RATIOS AFTER 2 MONTHS OF ADEQUATE 

SELECTIVE ß-BLOCKADE 

BW LVW LVW/BW RVW RVW/BW 
(g) (g) (mg/g) (g) (mg/g) 

Younger animals 
Placebo (n = 9) 399 4 0.932 0.09 2.34 0.23 0.295 0.09 0.75 0.12 
Bisoprolol (n = 10) 385 ± 20 0.842 ± 0.08* 2.18 0.18 0.310 0.10 0.80 ± 0.09 

Older animals 
Placebo (n = 5) 350 18 1.37 ± 0.14 3.94 ± 0.38 0.875 ± 0.096 2.56 0.26 
Bisoprolol (n = 8) 419 ± 20 1.30 ± 0.11 3.14 ± 0.30 0.638 ± 0.075 1.51 ± 0.21** 

Values are mean ± 1 standard deviation. 
Ρ values: * <.05; ** <.01. 
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TABLE 2. MEDIAL CROSS-SECTIONAL AREA (mm2) 
IN YOUNGER AND OLDER ANIMALS AFTER 2 

MONTHS OF ADEQUATE SELECTIVE ß-BLOCKADE 
240 

Younger Older SBP 
(MMHg) . 

Thoracic aorta 
Placebo 0.505 ± 0.04 1.078 ± 0.02 - 200 * 
Bisoprolol 0.392 ± 0.03** 0.947 ± 0.03* 

Abdominal aorta 
Placebo 0.247 ± 0.03 0.362 ± 0.016 180 -
Bisoprolol 0.205 ± 0.03** 0.340 ± 0.026 

Carotid artery 
160 -Placebo 0.105 ± 0.008 0.274 ± 0.014 160 -

Bisoprolol 0.097 ± 0.010 0.266 ± 0.011 
Mesenteric artery 140 -

Placebo 0.125 ± 0.021 0.131 ± 0.013 
Bisoprolol 0.089 ± 0.008** 0.118 ± 0.009 

Renal artery 120 -

Placebo 0.081 ± 0.009 0.163 ± 0.005 
Bisoprolol 0.075 ± 0.014 0.141 ± 0.004* 

100 
Values are mean ± 
Ρ values: * <.05; *' 

1 standard deviation. 
* <.001 (placebo ν bisoprolol). 

0 

Number of animals, see Table 1. 

Treatment had a significant effect on the thickness 
of two of the five arterial segments studied (Table 2). 
Thus, at the site of the thoracic aorta and the renal 
artery, bisoprolol-treated rats showed lower values of 
medial cross-sectional area: 0.947 ± 0.03 mm 2 ν 1.078 
± 0.02 mm 2 (P < .05) for thoracic aorta, and 0.141 ± 
0.004 mm 2 υ 0.163 ± 0.005 mm 2 (p < .05) for the renal 
artery. In the other arterial segments, no significant 
difference was observed. 

DISCUSSION 

In recent years, cardiovascular structures in rats have 
been widely studied following antihypertensive drug 
treatment. For the study of structural changes in the 

NUMBER n -
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9 

8-i 

7 

β -

5 -

Bisoprolol treated rats 

Placebo treated rats 

4 6 8 
Weeks 

FIGURE 2. Older animals. Length of life survival in the Biso
prolol- and the placebo-treated animals as function of time. 

Week 

FIGURE 3. Older animals. Systolic blood pressure (SBP) eval
uated with the tail-cuff method during the treatment period. 
—•—, placebo; — •—, bisoprolol. Values are mean ± SD. *P < 
.01. 

arterial wall, perfusion fixation techniques are con
sidered the method of choice to obtain morphometric 
data on vascular t issue. 1 0 " 1 2 In the present study, the 
observed values of media cross-sectional areas in un
treated SHR, whether younger or older, were similar 
to those previously described in the l i terature. 2 , 3 , 5 

Nevertheless, following chronic ß-blockade, two un
expected findings were observed. First, whereas se
lective ß-blockade is known to act predominantly on 
the heart, a significant arterial antihypertrophic effect 
was observed. Second, whereas ß-blocking agents 
are known to have a well-established negative inotro
pic effect, bisoprolol decreased substantially the de
velopment of cardiovascular complications in older 
SHR through a decrease in the incidence of cardiac 
failure. 

As selective ß-blockade is known to cause predom
inant effects on the heart and not on the vesse l s , 1 3 , 1 4 

it seems likely that the structural arterial changes pro
duced by bisoprolol may be directly related to the 
blood pressure reduction observed in SHR following 
2 months of treatment. In the literature, several lines 
of evidence indicate that arterial hypertrophy repre
sents a response to increased blood pressure and wall 
s t ress 1 5 - 1 7 : i) a high degree of correlation may be ob
served between the level of blood pressure and struc
tural arterial changes in a variety of hypertensive 
models; ii) the development of smooth muscle hyper
trophy in aortas of SHR occurs predominantly after 
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blood pressure has increased to its maximal level; and 
iii) normalization of blood pressure in SHR with an
tihypertensive drug treatment is effective in prevent
ing further development of arterial smooth muscle 
hypertrophy, as well as in reversing some of the hy
pertrophic changes that have already occurred. How
ever, in the present study, several findings are in 
clear contrast to this general interpretation. First, in 
younger animals treatment with bisoprolol had a 
moderate antihypertensive effect. Second, in older 
animals, bisoprolol-treated rats showed lower values 
of arterial cross-sectional area despite even higher 
values of blood pressure as compared with the pla
cebo-treated animals. Third, both in younger and 
older animals, the vascular responses were quite het
erogeneous, depending on age and the regions in
volved. In younger animals, arterial hypertrophy was 
substantially reduced at the site of the aorta and the 
mesenteric artery, whereas the carotid and the renal 
arteries were not affected. In older animals, arterial 
hypertrophy was reduced only at the site of the tho
racic aorta and the renal artery. Therefore, for the 
same operating mean arterial pressure following drug 
treatment, changes in arterial structure differed in the 
various regions of the arterial tree. 

Several arguments in the literature suggest that 
nonhemodynamic factors might play a major role in 
the observed antitrophic effects of bisoprolol in SHR. 
Recent studies have shown that a significant ß r 

adrenoceptor-mediated relaxation may be observed 
in some segments of the arterial tree, particularly at 
the site of the femoral and mesenteric a r te r ies , 1 8 - 2 0 

but not at the site of the renal arteries. 2 1 Also, one of 
the particularities of the innervation of arteries is the 
change in sensitivity that occurs abruptly at the 
branching point of some of them 2 2 ; in the present 
study, this pattern was particularly noticeable for the 
carotid artery. Taken together, such findings strongly 
suggest that nonhemodynamic factors influence 
greatly the structure of the arterial wall following 
Bisoprolol administration. In a first line of evidence, it 
should be noted that the vascular generation of an
giotensin II, which is known to be potentially respon
sible for arterial hypertrophy, 2 3 is enhanced by stim
ulation of ß-agonists and inhibited by propranolol. 2 4 

On the other hand, the reduced ß-adrenoceptor-
mediated relaxation in SHR may be related to a num
ber of various mechanisms. Following ß-blockade, a 
resulting increase in the activity of α-receptors may 
be involved. Also, a reduced function of stimulatory 
guanosine 5'-triphosphate binding protein may be re
sponsible for the change in ß-responsiveness, 2 5" 2 7 in
dependent of any abnormality in the ß-receptors 
themselves. 

One of the most interesting findings of the present 
study was the increase in life survival and decrease in 

cardiovascular complications following bisoprolol 
treatment in older SHR. At this point we have to 
mention that the duration of the follow-up was rela
tively short. However, one of the aims of our study 
was to evaluate the cardiac and arterial effects of 
ß-blockade when treatment was started at a very late 
age in SHR. Longer follow-up of these rats was prac
tically impossible due to the high mortality in the 
placebo group. Treatment with bisoprolol was able to 
partially prevent the development of heart failure in 
SHR at this advanced age. This can explain the par
adoxically higher values of blood pressure in the 
drug-treated animals. Actually, the low blood pres
sure values in the placebo group were one of the 
results of the development of heart failure. The ob
served mortality in the placebo rats in our study was 
very similar to the mortality previously observed in 
this strain of rats at this age (between 20 and 23 
months). 7 Knorr et a l 7 showed that converting en
zyme inhibitor and calcium entry blockers have more 
pronounced effects on mortality, compared with 
other treatments like hydralazine or Minoxidil. As the 
authors of this review mentioned, data with diuretics 
and ß-blockers are insufficient or unavailable. There
fore, we believe that our study provides new data on 
this topic. Moreover, treatment with bisoprolol in 
older animals had a significant antihypertrophic ef
fect on the heart. Actually, the most pronounced dif
ference between the two groups of older rats was 
observed for the right rather than the left ventricle. 
Our study cannot give a definitive explanation for 
this difference. Nevertheless, we can suggest that in 
the presence of advanced heart failure there is a more 
pronounced alteration of the right than the left 
ventricle. 

Recently, there has been increasing evidence that 
ß-blocking agents have a favorable effect on the nat
ural history of heart failure. Indeed, downregulation 
of ß-cardiac receptor occurs during the development 
of heart failure and selective ß-blockade can restore 
the function of these receptors . 2 8 In addition, a 
change, in the functional activity of the myocardial 
inhibitory G protein may be involved. 2 9 However, in 
the literature, such studies were limited to the rela
tionship between ß-receptors and the heart and no 
convincing data on large vessels were reported. The 
reduction of heart failure development with Biso
prolol could be related to the effects of this treatment 
on the aortic structure. Actually, in both young and 
older rats, treatment had a significant effect on tho
racic aorta hypertrophy. It is well known that alter
ations of the structural and functional parameters of 
the aorta can directly influence the cardiac function 
during hypertension. 3 0 Thus decrease in aortic com
pliance increases cardiac afterload and pulsatile 
stress. Therefore the observed reduction in heart fail-
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ure in older rats could be explained by the aortic ef
fects of bisoprolol. However, further studies are 
needed to confirm the effects of this treatment not 
only on aortic hypertrophy, but also on the stiffness 
of the aorta. 

At the end of this study, it should be emphasized 
that some caution must be exercised in deducing the 
specific mechanisms involved based on the particular 
effects of various pharmacologic agents in vivo. This 
need for caution derives from the fact that blood pres
sure changes reflect the net effect of a large number of 
variables, including cardiac output, heart rate, pe
ripheral resistance, plasma volume, and plasma ion 
concentrations, which could be influenced either di
rectly or indirectly by the drugs used. Alternatively, 
specific drugs may have direct unknown effects on 
cellular growth. More studies are needed comparing 
the effects of different subgroups of ß-blockers to ob
tain more information concerning the mechanisms in
volved. And although comparison with normoten
sive controls of different ages was not performed in 
the present study, the results provided clear evidence 
that the structural changes were, at least partially, not 
pressure related. 

In conclusion, the present study was the first, to 
our knowledge, to demonstrate that selective chronic 
ß-blockade produced a substantial antitrophic effect 
on the peripheral and central large arteries of spon
taneously hypertensive rats. This effect is heteroge
neous in nature. It is influenced by age and predom
inates in the thoracic aorta. It is even more pro
nounced in magnitude than the reduction in cardiac 
hypertrophy. Prolonged treatment in older SHR pre
vents heart failure and increases life survival by re
ducing the incidence of cardiovascular complications. 
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