
137

0026-895X/80/010137-04$02.0O/0
Copyright © 1980 by The American Society for Pharmacology and Experimental Therapeutics.
All rights of reproduction in any form reserved.

MOLECULAR PHARMACOLOGY, 17, 137-140

SHORT COMMUNICATION

Abnormal Biochemistry of Vascular Smooth Muscle Plasma Membrane

Isolated from Hypertensive Rats

C.-Y. KWAN, L. BELBECK AND E. E. DANIEL

Department of Neurosciences, McMaster University, Hamilton, Ontario, L8S 4J9 Canada

Received July 30, 1979; Accepted September 11, 1979

SUMMARY

KWAN, C.-Y., L. BELBECK AND E. E. DANIEL. Abnormal biochemistry of vascular
smooth muscle plasma membrane isolated from hypertensive rats. Mol. Pharmacol.
17: 137-140 (1980).

We have demonstrated that the mesenteric arteries of rats with either genetic hyperten-
sion or experimental hypertension induced by dexoycorticosterone have similar biochem-

ical alterations which were manifested by (a) increased amount of total wet weight of
arteries as well as total protein content of isolated arterial plasma membranes, (b)
increased alkaline phosphatase activities in the plasma membranes of arterial smooth
muscle, and (c) decreased ATP-dependent transport of calcium by the arterial plasma
membranes. The observed abnormal biochemical properties cannot be attributed to the
use of different strains of normotensive control rats in the case of genetic hypertension.
Deoxycorticosterone treatment alone slightly enhanced alkaline phosphatase activity but
did not alter calcium accumulation, weight or protein content of plasma membranes from
arterial smooth muscle. The results suggest that abnormal biochemistry of the plasma
membrane isolated from small arteries of hypertensive animals, which appears to involve
a defect of calcium regulation across the vascular plasma membrane, is probably associ-
ated with the pathogenesis of hypertension.

INTRODUCTION

Studies from several laboratories have shown evidence
that derangement of cellular Ca2� regulation in vascular
smooth muscle occurred in rats with established hyper-
tension (1-4). Our recent study has also shown that the
altered Ca2� regulation, as well as several enzymatic
activities, was observed primarily in the plasma mem-
brane-enriched fraction of the aorta from rats with ge-

netic hypertension (5). Little information is available
about small blood vessels in hypertensive animals, even
though small resistance vessels play the major role in
determining peripheral vascular resistance. We have pre-

viously reported a procedure for the isolation of subcel-
lular membrane fractions from rat mesenteric arteries (6)
and applied this technique to rats with spontaneous
hypertension (7). The plasma membrane-enriched frac-
tion of mesenteric arteries from hypertensive rats dis-
played some enhanced enzymatic activities similar to
those found in the plasma membrane fraction of aorta

from hypertensive rats, but the ATP-dependent Ca2�
accumulation by the plasma membrane fraction of mes-
enteric artery was increased (7) as opposed to the de-

creased ATP-dependent Ca2� accumulation by aortic

plasma membrane (5). More recently, we have found that
the mesenteries which were included with the arterial
smooth muscle as well as the adhering fat cells introduced
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a small but serious contamination in our previous mem-

brane preparations (8, 9).
In the present communication, we report reevaluation

of some properties of the plasma membrane isolated from
mesenteric arteries of hypertensive rats using an im-
proved membrane isolation procedure (9). We propose to
determine: (a) Whether the previously observed en-

hancement of ATP-dependent Ca2� accumulation by
plasma membrane vesicles of mesenteric arteries in the

hypertensive state truly reflects a difference in the mech-

anisms controlling contraction and relaxation of small
and large arteries in hypertensive animals as suggested

previously (7) or if it is a consequence of inclusion of
plasma membrane from other cells. (b) Whether the
alterations of biochemical parameters observed in arter-
ies of spontaneously hypertensive animals can be ac-
counted for by use of inappropriate control animals. We
further extend this study to investigate whether changes
of these biochemical properties of arterial plasma mem-
brane also occur in rats with experimental hypertension
induced by deoxycorticosterone-salt treatment as in

these with genetic hypertension.

Animals. Three- to four-month-old Kyoto-Wistar
strain of male spontaneous hypertensive rats ‘

I The abbreviations used are: SHR, spontaneous hypertensive rats;

KWR, Kyoto-Wistar strain; NWR, regular Wistar strain; DOC, deox-

ycorticosterone; DHR, DOC-induced hypertensive rats; DNR, DOC-

treated normotensive rats.
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were ootained from Ayerst Laboratories (Montreal, Can-

ada) and were used as breeding stock for brother-sister
mating in our laboratory. Age-matched normotensive
rats of Kyoto-Wistar strain (KWR) and regular Wistar
strain (NWR) were purchased from Canadian Breeding
Farm (Montreal, Canada) and Woodlyn Farm (Ontario,

Canada), respectively. Ten-week-old male Woodlyn Wis-
tar rats were also used for the studies of arterial plasma
membrane after deoxycorticosterone (DOC) treatment.
In one set of experiments, the NWR rats received unilat-
eral nephrectomy, 1% sodium chloride in their drinking
water, and subcutaneous injection of 0.5 ml of 10 mg/ml
DOC dissolved in sesame oil, twice a week for 4-6 weeks
to induce hypertension and were designated DOC-in-
duced hypertensive rats (DHR). Corresponding control
rats (DHRC) for this set of experiments were similarly

treated except that DOC injection was replaced by injec-
tion of equal volume of sesame oil. In another set of
experiments, the rats received only DOC without unilat-
eral nephrectomy or saline water, designated as DOC-
treated normotensive rats (DNR) and the corresponding
control rats (DNRC) received only sesame oil by subcu-
taneous injection.

Bloodpressure measurement. Systolic blood pressures

of most of the rats used in this work were measured
regularly and on the day before kffling using the tail-cuff
compression method. Averaged value of four or five
readings reproducible within 10 mm Hg was taken as the

systolic blood pressure of the rat.
Membrane preparations and analytical methods.

Preparation of subcellular membrane fractions from mes-
enteric arteries of 10-12 normotensive and hypertensive
rats was as previously described (9). The protein content
of membrane fractions was estimated by the method of
Lowry (10). Alkaline phosphatase activity was deter-
mined by the release ofp-nitrophenol from p-nitrophenyl
phosphate (1 1).

45Ca accumulation studies were carried out by Mffli-
pore filtration technique as described previously (7). The
incubation mixture contains 100 m�i KC1, 5 mr�i ATP,
100 �LM CaCL2 labeled with 0.2-0.4 �tCi/ml 45CaCl2 and
buffered with 50 mi’vi imidazole to pH 7.0 at 37#{176}.The
concentration of free calcium in this incubation medium

was calculated to be 17 � (6). For ATP-independent
Ca2� accumulation, ATP was omitted and CaC12 concen-
tration was 20 �LM. The reaction time was 10 mm unless
otherwise indicated. Calcium accumulation at this time
was at a plateau level. All filters (25-mm diameter, 0.45-
�im pores, Matheson-Higgins Co.) were dissolved in 10
ml of Bray’s solution (12) and counted to at least 2%
accuracy.

Statistical analysis of the data which are expressed as
mean ± standard deviation were done by Student’s t test

at a significance level of 0.05.
Body weight, blood pressure, and yield of mesenteric

arteries. Table 1 shows that all the SHR used have
sustained elevated blood pressure in the range of 160-180
mm Hg. Although a small portion of KWR had blood
pressure near 140 mm Hg, only those with blood pressure
less than 120 mm Hg were used for controls. The body
weight of SHR was significantly less than that of either
strain of normotensive control, whereas the weight of

TABLE 1

Body weight, blood pressure, tissue weight, and plasma membrane

protein content of hypertensive rats and corresponding control rats

Rat used Body weight Blood
pressure

Wet tissue
weight”

Plasma
membrane

protein”

(g) (mm Hg) (g/kg) (mg/g)

NWR (4)” 398.8 ± 34.3 120 0.40 ± 0.02 0.39 ± 0.07

KWR (3) 400.3 ± 20.5 120 0.38 ± 0.01 0.30 ± 0.04

SHR (6) 282.5 ± 289d 0.46 ± 003d 0.16

DHR�. (4) 407.5 ± 25.3 120 0.34 ± 0.05 0.49 ± 0.12

DHR (4) 417.5 ± 11.9 160-180 0.73 ± 0.l2�’ 0.47 ± 0.11

DNR. (4) 402.1 ± 35.5 120 0.37 ± 0.02 0.31 ± 0.06

DNR (4) 401.3 ± 25.6 120 0.36 ± 0.04 0.29 ± 0.06

a Wet tissue weight is expressed as grams of all arterial muscles per

kilogram of total body weight of rats used.

b Plasma membrane protein is expressed as milligrams of total

plasma membrane protein per gram of total arterial muscles used.

(� Numbers of parenthesis indicate number of separate experiments

performed using 10-12 rats each.

(I Significantly different from control values (p < 0.05).

mesentenc arteries of the SHR after removing the veins,
�nesenteries, and fat tissues was, on the other hand,
slightly and significantly more than that of the controls.
However, the protein content of plasma membrane frac-
tions normalized to the same tissue wet weight was not
significantly different in SHR and control arteries.

The body weight of DHR and the corresponding con-
trol rats was not significantly different but the total wet
weight of isolated arteries of DHR was much higher than

that of the control rats. The DHR rats started developing
hypertension at the end of the second week of DOC
treatment and reached established hypertension at the

end of fourth week with blood pressure ranging between
160 and 180 mm Hg. Prolonged treatment with DOC did
not further elevate the blood pressure but caused increas-
ing mortality due to complications of the regimen. A
small number of rats (approximately 10%) which never
developed blood pressure higher than 140 mm Hg during
the entire period of DOC treatment were not used.

The rats (DNR) treated with deoxycorticosterone
alone but neither umnephrectomized nor given saline for
drinking water did not develop hypertension. Similar to
DHR, the body weight of DNR was not significantly
altered by the deoxycorticosterone treatment. But unlike
DHR, the wet tissue weight of arteries of DNR was not

significantly different from that of the controls.

Enzymatic activities and calcium accumulation by

plasma membrane fractions. The alkaline phosphospha-
tase activity and Ca2� accumulation by plasma mem-
brane fractions isolated from carefully trimmed mesen-
tenc arteries of hypertensive rats and corresponding

controls are shown in Fig. 1. Both SHR and DHR plasma

membrane fractions possess common features, i.e., in-
creased alkaline phosphatase activity and decreased Ca2�
accumulation in the presence of ATP. Ca2� accumulation
in the absence of ATP on the other hand remained
unaltered in all of these groups. This suggests that only
the energy-dependent Ca2� accumulation by the plasma
membrane fraction is altered in hypertension. The recip-
rocal changes of alkaline phosphatase activity and ATP-
dependent Ca2� accumulation in these two types of hy-
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tions.

FIG. 1. Alkaline phosphatase activity (A) and calcium accumula-

tion (B) byplasma membrane fraction isolated from hypertensive rats

Experimental conditions were as described in the text. The shaded

columns represent the values of Ca2� accumulation in the presence of
20 �tM free calcium and in the absence of 5 mt.i ATP. Values in

parentheses indicate the number of experiments. s, Significantly differ-

ent from control values (p < 0.05).

pertension is not observed in DNR, whose blood pressure

is not affected by DOC treatment alone, although such
treatment of DOC alone caused some increase of alkaline
phosphatase activity as well as slight but not significant

increase of ATP-dependent Ca2� accumulation. This
small increase of alkaline phosphatase activity, however,

cannot fully account for the increase of alkaline phos-
phatase activity in DHR.

We have also examined 5’-nucleotidase activity, an-
other marker for plasma membrane, as well as cyto-
chrome c oxidase and NADPH-cytochrome c reductase
activities, markers for mitochondria and endoplasmic
reticulum (9), respectively, in various fractions of hyper-
tensive and control arteries, but no significant difference
was observed (data not shown) indicating that there is
no relative alteration of distribution of membrane frac-
tions or differential contamination by other membrane
fragments in arterial plasma membranes isolated from

hypertensive and normotensive groups.

Ca2� accumulation by other fractions from sucrose

density gradient. The ATP-dependent Ca2� accumula-
tion by fractions obtained from the subfractionation of
microsomal membranes on a sucrose density gradient
(see Ref. (9)) and the effect of a calcium ionophore, X

573A are shown in Fig. 2. The difference in Ca2� accu-
mulation between fractions of hypertensive and normo-
tensive control groups was more prominent in lighter
fractions and became small and less significant toward
heavier fractions, indicating that the defective Ca2� han-

dling lies in the plasma membrane fraction. X 573A
reduced the ATP-dependent Ca2� accumulation to the
same level in both groups of either type of hypertension.

FIG. 2. Calcium accumulation by membrane fractions recovered

fr om discontinuous sucrose density gradient

The membrane composition of these fractions (lightest fraction F

to heaviest fraction F5) has previously been described in detail (8, 9). X

537A was dissolved first in 95% ethanol and then added as aliquots to

the reaction medium to a final concentration of 10 �M. Inclusion of

equal volume of ethanol in the medium did not significantly alter the

calcium accumulation. Each data point represents the mean of values

from three to five separate experiments with standard deviation as

vertical bars. Data points without vertical bars represent the average

of duplicate values in a single experiment. Closed symbols are used for

hypertensive groups and open symbols are used for control groups.

Triangular symbols are data obtained in the presence of X 537A. e,

Significantly different from control values (p < 0.05).

However, the Ca2� accumulation by these fractions in
the absence of ATP was not significantly different from
the corresponding control values in either hypertensive
group and X 537A did not alter the Ca2� accumulation in
the absence of ATP. This seems to suggest that the ATP-
dependent Ca2� transport across the vascular plasma
membranes rather than the Ca2� binding was altered in

hypertension.

The results reported in this communication indicate
that some biochemical properties of the plasma mem-
branes isolated from small arteries of SHR and DHR
were similarly altered. The alterations include (a) in-

creased total protein content which is proportional to the
increased arterial wet weight; (b) enhanced alkaline phos-
phatase activities; and (c) reduced Ca2� accumulation in

the presence of ATP. These findings clarified some of the
problems associated with our previous studies concerning

specifically the enhanced ATP-dependent Ca2� accumu-
lation by the plasma membrane fraction isolated from
the mesenteric arteries of SHR, and the strains of nor-

motensive controls rats that were different from that of
SHR.

The discrepancy between our present finding of a
reduced ATP-dependent Ca2� accumulation and the pre-
vious finding of an increased ATP-dependent Ca2� ac-
cumulation (7) by plasma membrane fractions isolated
from mesenteric arteries of SHR is most likely due to
membrane contamination derived from the enormous
amount of adhering mesenteric fat tissue, especially in
view of our preliminary finding that the plasma mem-

brane fraction isolated from such mesenteric fat tissues

of SHR showed marked increase of ATP-dependent ac-
cumulation.2 This is further justified by our similar find-

2 Kwan, C.-Y., L. Belbeck and E. E. Daniel, unpublished observa-
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these problems.

ing of a reduced ATP-dependent Ca2� accumulation by
plasma membrane enriched fraction isolated from aorta
of SHR (5), which contains little or practically no adher-
ing fat tissues. Besides, the plasma membranes of mes-
enteric arteries of DHR show reduced ATP-dependent
Ca2� accumulation as well.

The vascular plasma membrane abnormalities of SHR
cannot be attributed to the use of different genetic strains
of normotensive control rats as these biochemical param-
eters studied are very similar between NWR and KWR.
This is also supported by the very similar findings ob-
served in DHR since the same strain of rats was em-
ployed for the controls.

Alteration of vascular wall has received considerable
attention as one of the various factors contributing to the
increase of total peripheral resistance of blood vessels in
hypertension (13). The vascular changes have been at-

tributed to the structural changes (increased wall thick-
ness to lumen diameter ratio) as proposed by Folkow (14,
15) or to the functional change of ion transport across
vascular cell membranes (5, 16, 17). In genetic as well as
experimental hypertension, the increase of arterial wet
weight paralleled by the increase of total arterial plasma
membrane protein content, indicating vascular hypertro-
phy, may result from the structural changes of the arte-
na! wall, while the reduced Ca2� transport across the
vascular plasma membrane, indicating functional abnor-

mality, may be associated with a defect in relaxation of

vascular smooth muscle in hypertension (4, 17). The link

between enhanced alkaline phosphatase activity and hy-
pertension is not clear because the physiological function
of this enzyme, whether soluble or membrane-bound, is

not understood in blood vessels (18). However, it has
been speculated that alkaline phosphatase may be in-
volved in the control of Ca2� binding or transport via
dephosphorylation of membrane proteins (7, 19). More
effort is needed to characterize and define the role of
such alkaline phosphatase in vascular smooth muscle
function.

The present finding of similar alterations of vascular

smooth muscle plasma membrane in both genetic hyper-
tension and DOC/salt-induced experimental hyperten-
sion lead us to further consider the following questions:
(a) Are these plasma membrane abnormalities common
to most forms of hypertension? (b) What is the cause-
effect relationship between hypertension and these mem-
brane abnormalities? We are currently investigating
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