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ABSTRACT

AIM: To evaluate the effects of fluvastatin, a
hydroxymethylglutaryl- CoA  { HMG-CoA ) reductase
inhibitor . on the alterations of structure and function of
resistant vessels in spontanecusly hypertensive rats
{SHR). METHODS: Eight-week-old male SHR
were given fluvastatin 20 mg-kg='-d~! by gavage.
Rats were decapitated at 16 wk. Wall-to-lumen area
ratios { W/L) of thoracic aorta and mesenteric arteries
{3rd grade branch) were assessed by morphometric
assay. The effects of fluvastatin on vascular reactivity
10 sodiam nitroprusside { SNP) and norepinephrine
{NE}, were studied with rings of thoracic aorta and
mesenteric arteries isolated from rats. RESULTS:
After 8 wk of treatment, histological examination
showed that the wall-to-lumen area ratio was lower in
SHRy, than that in SHR {0, 44 +0.00 15 0,79+ 0.09,
P<.03). ECy of vasodilation response was much
lower in SHRy, than that in SHR [ (4.9 vs 190} pmol-
L™", P<0.03], while ECy, of mesenteric artery rings
from SHRg, was somewhal lower than that of SHR
[(0.02 v 0.04) nmol-L=!, P>0.05]. In both
aortic and mesenteric artery rings. EC;  of
vasoconstriction in response to WNE from SHRjp, was
higher than that of SHR [ thoracic aorta; (0.20 s
0.02) nmol-L~1, P <0.05; mesentric arteries: (1.46
vs 0.72) nmol-L™', P<0.05]. CONCLUSION:
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Short-term treatment with fluvastatin ameliorated the
vasomotoricity of resistant vessels, enhanced the
sensitivity to vasodilator and depressed the sensitivity to
vasoconstrictor; fluvastatin also attenuated the resistant
vascular hypertrophy during the development of
hypertension ir SHR.

INTRODUCTION

As a potent inhibitor of 3-hydroxy-3-methyl-
gluyraryl coenzyme A (HMG-CoA) reductase { the rate
limiting enzyme in cholesterol biosynthesis ), fluvastatin
was effective in not only reducing serumn lipids, but
also inhibiting cultured vascular smooth muscle cells
( VSMC) proliferation and migration'). It exhibited
the ability to reverse endothelial dysfunction and 1o
prevent restenosis  after successful  percutaneous
transluminal coronary balloon angioplasty { PTCA) in
high cholesterol-fed rabbits!®~3- .

The * amplifier ~ mle of resistant vessels
hypertrophy was demonstrated in the development of
hypertensive “vicious cycle”, which might be partially
accounted for the overproliferation of VSMC!!,

In hyperlipidemia. the bepeficial effects of HMG-
CoA reductase inhibilors have been demonstrated,
However, The effects of statins on resistance vessels in
spontaneously hypertensive rats { SHR) have not been
studied previously. The purpose of this stody was to
test the effects and underlying mechanism of fluvastatin
treatment on resistant vessels during the development of
hypertension in SHR.

MATERIALS AND METHODS

Rats and treatment SHR ( Certificate No 30-
25) and WKY { Certificate No 30-27) rats were bred in
our laboratory, 4 to 6 per cage at (22 +2) T,
humidity of 55 % %= 5 %. a 12-h hght/dark cycle
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(7200 -19:00), and fed with standard rat chow and

tap water ad lib .
Eightweek-old male SHR rats (n = 14} were
given fluvastatin - { Lescol, 20 mg-kg™'-d™?,

NOVARTIS Pharmaceutical. Lid) by gavage in mixture
with water. Treatment was maintained until 16 wk of
age. Sex and age matched untreated SHR { n = 12}
and WKY (n = 12) were given only some water.
Experiments were performed at 16 wk old.

Measurement of systolic blood pressure
(SBP) and serum lipids SBP was measured using
tail-cuff technique ( MRB-Ml A computer control
sphygmomunometer for tats, Shanghai Institute of
Hypertension Research) at the beginning and the end of
treatment under conscicusness.

Rats were decapitated at the end of experiment.
Three mL of blood sample was collected and centri-
fugated immediately, total cholesterol { TC) and
triglyceride { TG concentrations were determined by
CHOD-PAP and GPO-PAP methods respectively within
3 h. The concentration of low density lipid protein
(LDL }-cholesterol was calculated by the formula of
Friedwald: LDL = TC - HDL - TG/2.2 { TG < 4.52
mmol*L~") .

Morphometric determination After rats were
decapitated, abdominal aorta was cannulated immedi-
ately, sodium nitroprusside (0.1 mg*L~") and heparin
(0.1 mg-L~") were perfused for 5 min to assure
maximal vasodilation and anticoagulation. Thereafter,
10 % formaldehyde in Hanks' balanced solution was
used for in sine fixation under a pressure of 2.93 kPa
for 24 h. Thoeracic aorta { elasttc conducting vessels )
and the 3rd grade branch vessels of mesenterc arteries
{ arteriolar resistance arferjes ] were processed and
embeded in paraffin for transverse sections {6 — 10 pm)
and stained with haematoxylin‘esoin ( HE} method.
Wall/lumen { W/L) ratio of the two arteries denoted
the ratio of the media cross sectional arealumen area.

The arcas of various component of vessels were
measured using 2 methods; visual point counting and
video image planimeter ( CMIAS-B multifunctional
colored pathology image analysis system. the Imaging
Center of Beijing University of Aeronautics and
Astronautics. and Air Force General Hospital ). Linear
regression showed a close correlation between the two
methods (2 =59, r=0.997),

Vascular responsiveness After rats were

decapitated.. thoracic aorta and mesentenic arteries { 1st
grade branch) were isolated and placed into ice-cold
modified Tyrod's buffer solution { Na(Cl 136.8; KCl
5.4; CaCly, 1.8; NaHCO; 1.2; MgCl 1.05; Tris
5.0: glucose 11.0 mmol * L™'} immediately. The
vessels were cleaned of excess fat and connective
tissue, and cut imto rings 3 — 5 mm in longimdinal
length. Responses of the rings to sodium nitroprusside
{ SNP) and NE in various concentration were conducted
as described by Mulvany*5' .

The ring preparations were suspended between
stainless steel triangular holders and transferred to
muscle baths containing bathing medinm at 37 T #
0.5 T and bubbled with 95 % O, and 5 % CO»
mixiure gas. The changes in isometric force under a
resting force of 1 g for mesenteric arteries and 2 g for
thoracic aorta were monitored through a force
displacement transducer { Da Hua Machine Co,
Shanghai). Before the measurement, the rings were
equilibrated for 60 min in the bathing medium and the
medium was replaced every 15 min. Preparations were
pre-contracted with NE 31.6 nmol* L~ !, then SNP at
concentrations of 3.16 pmol+L ™! to 31.6 nmol + L~
was added to examine the relaxation etfects. Afier the
relaxation experiment, the samples were washed with
Tyrod's solution and equilibrated again for 30 — 45 min
as described.  Then various concentrations of NE from
3.16 pmol * L™! (o 31.6 nmol * ™! were added to
examine the contraction effects.

Statistical analysis Data were expressed as
x5, and tested by Student-Newman-Keul's test
{ ANOVA ), ECy of relaxation and contraction were
calculated using Probit analysis ( Regression) .

RESULTS

Effects of short-term fluvastatin treatment
on SBP and body weight (BW) At 8 wk of age.
there was no difference of SBP in SHR and SHRj,
[{22.2+0.9 vs 22.5+1.0) kPa, P>0.05]. After
8-wk treatment of flovastatin, SBP was lower in SHRg,
than that in SHR [{25.5+1.7 vs 28.4£1.1) kPa, P
<0.05]. BW of SHRy, was similar to that of
untreated SHR [(271.6 + 14,1 vs 278.5 + 16.0) g.
P>0.05],

Effects of fluvastatin on serum lipids
Serum lipids were decreased in SHRp,, as compared with
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SHR. TC, TG, and LDL concentration was 25 %,
25 %, and 11 % . lower in SHRyp, than in SHR, 10r 3 wky
respectively. Of note, only the decrease in serum TC -
concentration reached statistical significance [(1.84 +
0.34) w (2.31 £ 0.39) mmol- L', P < 0.05] 08 SHRa.
(Tab 1}.
g
Tab 1. Serum lipids in 16.wk-old WKY, SHR, and 5 "F
SHRg,. "P<0.05 vs SHR. 2
-
£
Rats Concentration/ mmol « L~ = o4f
C G LDL =
WKY 8 2.73:£0.37° 102x041 1.28x0.41°
SHR 8 231039 092027 081043 02 8
SHRp, 14 | .84+0.34" 0.7520.24 0.7320.39 s
N
N &
0.0 N = L
. 3 4 5 ) s 4 rats
Effects of short-term fluvastatin treatment Aoria Mesenteric artery

on vascular morphometrics W-L of SHR was
greater than that of WKY at 16 wk of age in both aorta
and mesenteric arteries {3rd grade branch) [ thoracic
aorta: (0.33 £ 0.03 vs 0.24 £ 0.05), P < 0.05;
mesenteric arteries: (0.79 £ 0.09 vs 0.26 £ 0.02},
P <0.05], suggesting vascular hypertrophy in SHR.
Short-term fluvastatin treatment markedly reduced the
ratio of mesenteric vessel (0.4 £ 0.09 vs 0.79 =
0.09, P<0.05}, Whereas. there was no significant
difference of W/L in thoracic aorta between SHRy, and
SHR { P>0.05) (Fig 1).

Effects of short-term fluvastatin treatment
on vascular function The relaxation sensitivity to
SNP was suppressed in SHR as compared with WKY .
50 % of effective concentration { ECs; ) for dilation was
much higher in SHR than that in WKY [ thoracic aorta;
{190 vs 2.5) pmol - L', P < 0.053; mesenteric
arteries: (40 s 3.97) pmol-L~!, P <0.05]. Short-
term fluvastatin treatment markedly increased relaxation
sensitivity in thoracic aorta to the level of WKY([ (4.9
w 2.5) pmol - L7, P> 0.05]. In mesenteric
arteries, EC, for dilation in SHRg, was only 50 % of
that in SHR, but this difference did not reach statistical
significance { Fig 2).

Meanwhile, contraction response to NE in SHR
was more sensitive than that in WKY [ ECy, for thoracic
aorta; (0,02 vs 0.23) nmol - L~!, P < 0.05; for
mesenteric arteries: (0.72 vs 1.67) mmol-L~'. P<
0.05]. Both aorta and mesenteric arteries, the

Fig1. Wall-to-lumen area ratio of thoracic aorta and
mesenteric artery from WKY, SHR, and SHR,,.
P <0.05 vs SHR,
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Fig2. Effects of fluvastatin on sodium nitroprusside
( SNP }-induced relaxation in thoracic aorta and
mesenteric artery {1st) from WKY (', n =6 rats),
SHR (@, n=6 rats), and SHRy, (&, n =7 rats).
Preparations were contracted with norepinephrine
31.6 nmol- L.
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Fig 3. Effects of fluvastatin on the norepinephrine
{ NE }-induced contraction in thoracie aorta and
mesenteric artery [1st) from WKY (O, =4 rats),
SHR (@, n =5 rats) and SHRy, (<, n=7 mts).
The contraction response curve to NE was markedly
right-wards shifted after 8-wk treatment of
fluvastatin in SHR.

constriction sensitivity was significantly depressed w a
level close to that of WKY after short-term fluvastatin
treatment | BCs, for thoracic aorta; (0.20 vs 0.23)
nmol L1, P> 0.05; ECy, for mesenteric arteries:
(1.46 vs 1,67} nmol-L~'., P >0.05] (Fig 3}.

DISCUSSION

Hypertrophy of  resistant
important role during the development of hypertension,
which was related to overproliferation of VSMC
stimulated by various factors ( vascular stress. local
angiotensin Il , circulating catecholamine etc }'7'.
Recent stndies indicated that HMG-CoA reductase
inhibitors such as fluvastatin, simvastatin, markedly
inhibited basic and stimulated proliferation and
migration of VSMC at the level of micromolar'-® .
Furthermore, the inhibitory effects could be completely
reversed by adding of mevalonate. This effect was
independent of its lipid-lowering action'®.  Another
investigator demonstrated the prevention effects of

vessels played an

fluvastatin on restenosis after successful PTCA in
vivo!™ | However, whether fluvastatin has direct
effects on hypertophy of resistant vessels in SHR
remains unknown.

In this study, we examined the effects of shor-
term fluvasiatin treatment on hypertrophy of resistant
vessels, and tound that fluvastatin reduced the W-L of
mesenteric arterles ( 3rd grade branch) after 8-wk
treatment. We found that shor-term fluvastatin
teeatment reduced W/L of mesenteric arteries,
indicating that fluvastatin adminstration could attenuate
remodelling of resistant vessels in SHR.  However, the
underlying mechanism by which fluvastatin inhibited
proliferation of ¥SMC is not yet known. Recent study
suggested that mevalonate was npecessary for the
proliferation of YSMC. The effects of fluvastatin on
vascular growth might be associated with its ability to
inhibit synthesis of mevalonate. The latter was not
only an important mediator in the synthesis of
cholesterol, but the precursor for the synthesis of
isoprenoids. which were important for the posttransla-
tional isoprenylation of many oncogene proieins
involved in signal transduction pathways such as the
low-molecular-weight GTP binding proteins ( P*'ras and
P?ltho) 1Y The effects of fluvastatin on VSMC might
be secondary to the inhibitory action on these proteins.

Folkow et a! first suggested the important role of
hypertrophic resistance vessels during the development
and mantenance of primary hyperension,  An
elevation of blood pressure cansed excessive prolifera-
tion of VSMC and led to compensatory vascular wall
hypertrophy . which resulted in hypertrophic medial wall
and mduction in  vessel lumen.  Meanwhile,
hypertension  potentiated  pressor  responses  of
vasoconstrictors, eg NE, Ang [| ete, causing further
caliber reduction of vessel lumen. Thus, a “vicious
cycle” formed and higher blood pressure perpetuated > .
It was reported that statins had direct inhibitory effects
on DNA synthesis in culture SMC, the antiproliferation
effects of statins might play an role in the reduction of
W/L of resistance vessels.

This study also confinmed hypertrophy of resistant
vessels in SHR. Furthermore. decreased relaxation
sensitivity response to SNP and increased contraction
senmsitivity response to NE were observed both in
resistant vessels and conduct vessels in SHR. Roland
and colleagues reported that tluvastatin  improved
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progressively endothelial function of forearm resistant
at least the flow-mediated vasodilation
The improvement

vessels,
patients with hypercholesterolemia.
was ever more pronounced with the prolongation of
treatment, although without concomitant reduction in
TC and LDL'™®'. Short-term fluvastatin treatment
improved myocardial perfusion by restoring coronary
endothelium function, before anatomic regression of
stenosis occurred in hypercholesterolemial patients-'2' .
To our knowledge, there was no previous study
regarding the effects of fluvastatin on vasomotor activity
in SHR. a genetic model of hypertension, whose serum
lipids were within normal range'*®'.

Cur study indicated that short-term fluvastatin
treatment ameliorated abnormal vasoconstrictive and
vasodilative sensitivity in SHR., with BC; of
contraction response to NE or relaxation response to
SNP in both thoracic aorta and mesenteric arteries
similar to that of untreated WKY. It was reported that
inhibitory effects of HMG-CoA reductase inhibitors on
constriction of VSM were related to its effects on the
small G proteins ( Plras and P*'rho) activity, the latter
were confirmed to be involved in the GTP,-enhanced
calcium ion sensitivity of VSM contraction'™!'.
Recently, it was suggested that relaxation responses to
acetylcholine ( ACh) were significantly suppressed in
cholesterol-fed rabbits, which may be reversed by
treatment of fluvastatin and associated with the
reduction of vascular ACE activity'® .

Interestingly, in the present study, although the
increase of SBP in SHR could not be completely
prevented with short-tenm treatment of fluvastatin, there
still had a significant reduction on SBP in fluvasatin-
treated SHR., consisting with the demonstration of a
reduction on mean arterial pressure with another HMG-
CoA reductase inhibitor-lovastatin in SHR'!.  The
mechanism under which SBP was decreased by these
drugs is not yet known at this stage, It is possible that
this may be due to either the prevention of vascular
hypertrophy or the amelioration of vasodilation. or the
depressed response to vasoconstrictor.
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