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THE EFFECTS OF PROPRANOLOL ON THE ARTERIAL
RESPONSES TO HYPEKRTENSION AND. HYPERCHOLESTEROLEMIA

Sympathetic nervous function may influence the response of the
arterial wall to potentially injurious stimnll such as hypertension or hy-
perlipoproteinemla. Sympathetic de-innervation of rabbit ear arteries has
been shown to reduce both the growth of the artery and DNA synthesis
in medial smooth muscle cells [1]. Sympathetic de-innervation of cere-
bral arteries in the spontaneously hypertensive rat can minimize the ex-
pected Increases In wal thickness and elevate markedly the risk of de-
veloping strokes [2]. Furthermore, previous studies have suggested that
several drugs affecting sympathetic nervous function may inhibit athero-
genesis in normotensive. animals in response to cholesterol feeding
[3-5].

In view of these findings, we have performed a series of studies
to determine whether inhibition of sympathetic or adrenergic function
with the beta adrenergic inhibitor, propranolol, might have a direct in-
fluence on the arterial wall in experimental models of hypertension and
hyperlipoproteinemia. The studies in the hypertensive animals have uti-
lized the uninephreciomized rat treated with deoxycorticosterone and
salt and have examined the effects of propranolol on the DNA content
of arterlal smooth muscle cells. The studles in hyperlipoproteinemic ani-
mals have investigated the influence of propranolol on the development
of atherosclerosis in rabbils fed a diet contalning 2% cholesterol and
8% peanut oil.

Materials and Methods. Studies in Hypertensive Rats. Male
Wistar rats (175—200 gm) were uninephrectomized and ‘one week later
were divided into three groups: 1) Normotensive controls, 2) Animals
treated with deoxycorticosterone pivalate (15 mg/kg given by subcuta-
neous. injection biweekly) and 1% saline as drinking water (DOC-salt),
and 3) Animals treated with deoxycortlcosterone and saline as noted
above but in addition given propranolol 500 mg/liter (80.6+2.5 mg/kg/
day) in the drinking water. Systolic blcod pressure was measured using
the tail cuif method as previously described [6] at the initlation of the
study and at two-week intervals thereafter.

Aortic smooth muscle cells (SMC) were isolated by enzymatic dis-
persion techniques as described [7, 8]. :

Graphic display of the distribution of the diploid and tetraploid
nuclei was obtained and the percent tetraploid nuclel determined [8].

- Studies in Hyperlipoproteinemic Rabbits. Male New Zealand white
rabbits weighing between 1.5 and 2.0 kg were used in this study. The
cholestesol-fed animals were fed a diet containing 2% cholesterol and
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an 8-week period, while the control group recelved
bbit chow (Purina Co.). Systoll;. cll)lo:;d llaress:;:rle was
2 weeks, using a tail cuff method developed In our
lt:g::::t’:': [g‘jl.e l.lz'our groups of animals were studied: control, choleste-
rol-fed, cholesterol-fed with dl-propranolol, and choleste{rol-f?d with d-
propranolol treatment, and the effects of therz{py on arterial lipid me?a-
bolism as well as atherogenesis were examined. Propranclol was dis-
solved in sterile saline, and 5 mg were administered once daily by in-
traperitoneal Injection throughout the 8-week period. ,

Acyl CoA: cholesterol acyltransferase (ACAT) was determined In
aortic microsomes as described [10]. Acid lipase and N-acetyl-B gluco-
saminidase (NAGA) activities were measured In the 100.000 g superna-
tant as previously reported.frorit our laboratory [11, 12].

Protein content of the homogenates was determined by a milcro-
kjeldahl procedure and of the microsomal and 100.000 g supemnatants
by the Lowry method [13]. Lipids were extracted from tissue homoge-
nates [14], free and ester ciolesterol were separated by thin-layer chro-
matography, and their content was analyzed using a Transidyne RFET—II

recording densitometer.

Results
Studies in DOC-salt FHypertensive Rats. There was a significant

rise in systolic blood pressure in the DOC-salt hypertensive group when
compared to. control rats (Table 1), but there were no statistically. signi-
ficant differences in blood pressure between the animals treated with
DOC-salt alone versus the DOC-salt hypertensive group treated with
propranolol. '

Heart and aortic weights (expressed as a percentage of body
weight) increased significantly above control levels in both the DOC-salt
hypertensive group and the DOC-salt hypertensives treated with propra-
nolol. However, there was no significant difference In heart or aortic
welght between these two groups. This shows that propranolol had no
effect In preventing the Increase in aortic or cardlac mass associated
with the hypertension.

Figure 1 shows a typical computer-generated plot of fluorescence
of aortic SMC nuclei. Table 1 summarizes the results of the ploidy de-
terminations of the -three groups. As expected from our previous work
[8], there was an increase in the -percentage of tetraploid nuclel in the
DOC-salt hypertensive animals. However, propranolol prevented the de-
velopment of polyploidy despite the hypertension such that there was
no statistically significant difference between the DOC-salt hypertensive
group treated with propranolol and the normotensive controls. :

Effects of Fropranolol in Cholesterol-Fed Rabbits. Most of the
data have been reported In a previous publication by us [9]. Body we-
ights did not differ . significantly in the four groups of rabbits, and no
undesirable side effects dite- to propranolol treatment were observed. The
systolic blood pressures were somewhat lower in all cholesterol-fed
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groups than In the control animals, but neither d1—nor d-propranolol
produced a significant change in blood pressure in the cholesterol-fed
controls. The ratios of heart weight to body weight were similar in all
groups studied. l
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Figure 1. Répresentative plots of fluorescence and forward - light scatter .
for arterial smooth muscle cell suspensions stained with propidium iodi-
, de, Cells were prepared from a control rat (A) and a hypertensive rat
treated with DOC-salt for 4 weeks (B). 3

A rapid increase in the mean plasma cholesterol level occurred in
response to the high cholesterol diet, with values exceeding 1000 mg/dl
by 3 weeks and further rises to levels between 2000 and 2500 mg/dl by
the end of the study. There were no significant = differences in plasma
cholesterol or triglyceride between the cholesterol-fed groups. Lipopro-
teln and apolipoprotein profiles of the d<{1.006 fraction of plasma .assa-
yed by agarase and polyacrylamide gel electrophoresis did not show
differences between any of the cholesterol-fed groups.

Administration of d1—propranolol produced a marked decrease. in
total surface involvement of the aorta by visible atherosclerotic lesions
as compared with the cholesterol-fed controls. The disease in the pro-
pranolol group was restricted primarily to the aortic arch and to regions
surrounding the ostla of the Intercostal arteries. Somewhat greater invol-
vement was apparent in the d-propranolol group but was not as wides-
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the extensive disease present In the untreated cholesterol-fed

rol data reflected the changes apparent by visual
nd ester cholesterol were significantly increased

lesser effect than the racemic mixture.

Il cholesterol-fed groups (Table 2). However,
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n the aorta although the d-isomer had a

Table |

Effects of Propranolol on Nuclear Polyploldy in the DOC-salt
Hypertensive Ral

DOC—salt
Control DOC—salt and Propranolol

k 122,0+3,0 167,0+8,0 169,0+14.0
f&i‘r‘i"@e?gh: % BW 0,240,006 | 0,39%0,005 | 0,3430.10
Aortic weight, % BW 0,024=-0,001 | 0,039F0,002 | 0,036-+0,002
Tetraploid, cells % 7,8+90,3 17'0130,2 8,9F0.9
BP=Blood Pressure; BW=Body Welght
Results represent the means=+S. E.

Table 2

Eifects of Propranolol on Serum and Aortic .Cholesterol and on Aortic
-Enzyme Activities In Cholesterol-Fed Rabbits

cse{:;a_ Aortic Cholesterol ‘ ‘;?32-';' %’K’émi Activities
?'ol Free Ester pmol/min | nmol/min fc'd
(n‘xg/al) (mg/g wet wt) per mg per mg ipase
Control 77+6 | 1,8+0.2 ND 4,0+0,2 | 1,640,2 55120
Cho:ealerol-;eg 2120F165| 6,6+0,5 |10,64+1,2 | 43,1H2,5 |8,2%0,9 [148%F5,1
Cholesterol-fe ;
and dl-pro-
pmnololl e 2320+211| 2,8+0,2* 2,7+0,3* | 14,243,1* | 3,7+0,4* | 78+3,1*
Cholesterol-fe
and d-pro-
pranolol 2701+231| 3,3+0,3** | 6,7+0,5* | 29,0+3.4* | 7,5+0,3 -

Results represent the means+S. E. for six animals. ND=not delectable.
* Significantly (P<0.01) different from cholesterol-fed group.
** Significantly (P<0,05) different from cholesterol-fed group.

ACAT actlvity was increased 10-fold by cholesterol feeding but
such Increase was attenuated dy propranolol, particularly the racemic
preparation (Table 2). In general, ACAT activity reflected aortic choles-
terol content in all three cholesterol-fed groups. Activity of lysosomal
enzymes using NAGA and acid lipase as marker enzymes also appeared
to reflect the degree of atherosclerosis present for all groups tested.

Conclusions. These studies have demonstrated that propranolol in-
hibits the development of nuclear polyploidy in aortic smooth muscle
cells of DOC-salt hypertensive rats and that the effect is unrelated to
its blood-pressure-lowering action. They also have Indicated that pro-
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pranolol has a potent suppressive effect on atherogenesis in the choles-
terol-fed rabbit. Independent of any influence on blood pressure or plas-
ma lipoproteins. The findings suggest a direct effect of the drug on the
arterigl wall, possibly by inhibiting beta receptor activity of vascular
SMC.
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BJIMSIHUE TIPONIPAHOJIONA HA PEAKLIMIO APTEPUM
NPU THUIEPTOHHMH U THIIEPXOJIECTEPUHEMHH

IlpoBesieRBENe HCCAEOBARHS NOKA3aNH, YTO NPONPAHOJION HMEeT NpsiMoe BosjeAcTene -§a:
CTeNKH apTeph¥, BErHOEDYS aKTHBEOCTH (eTa-pelenTopoB B COCYAHCTHIX KJETKaxX.
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