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ABSTRACT

AIM: To examine whether the blood pressure variability
(BPV} is increased in spontaneously hypertensive rats
(SHR) and L-NAME-induced hypertensive rats (NHR) .
METHODS: BFV was recorded with continuous hemo-
dynamic monitoring in conscious unrestrained rats. Time
course of L-NAME-induced hypertension was measured
by the tail-cuff method. Plasma NO concentration was
determined by the method of nitric acid reductase. RE-
SULTS: In both SHR and NHR, systolic and diastolic
BPV were significantly increased when compared with
their respective controls. In SHR, increase in diastolic
BPV was predominant, whereas in NHR, increase in sys-
tolic BPV was predominant. Moreover, increase in sys-
tolic BPV in NHR (102 %) was obviously higher than
that in SHR (28 %). Chronic administraion of L-
NAME 1 g/L in drinking water caused a progressive in-
crease in arterial blood pressure in rats. All rats were
hypertensive at 4 weeks after treatment. Plasma NO lev-
el was decreased in NHR. CONCLUSION: Increased
BPV is a general phenomenon in hypertension. NO is
involved in the regulation of BFV.

INTRODUCTION

Blood pressure variability (BPV) is a new concept
in cardiovascular medicine, arising from the development
of techniques designed for continuous blood pressure
(BP) monitoring. BPV is higher in hypertensive than
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normotensive patients'!’. This increased BPV has been
linked with the severity of the underlying disease. For
example, among hypertensive patients with similar BP
levels, the level of hypertensive cardiovascular structural
damage has been shown to be more advanced in those
with the highest levels of BPV®). BPV is also higher in
genetically hypertensive (LH} rats of the Lyon strain
when compared with normotensive (LN) and low BP
(LL) rats of the Lyon strain®. So we hypothesized
that high BPV might be a general phenomenon in hyper-
tension. To verify the hypothesis, we observed BPV in
the other two kinds of hypertensive models, a genetic
model of spontaneously hypertensive rats (SHR) and an
experimental model of hypertension induced by chronic
inhibition of nitric oxide (NO) synthesis in ratst*)

MATERIALS AND METHODS

Materials  Twenty-six-week-old male SHR and
Wistar-Kyoto (WKY) rats were provided by the Animal
House of our Department. Systolic BP was measured by
the tail-cuff method™. Only those SHR with systolic
BP more than 21.3 kPa (160 mmHg) were used in the
study. Body weight was lower in SHR (331 g+ 18 g,
n=8) than in WKY rats (439 g+60 g, n=>5). Ten-
week-old male Sprague-Dawley (SD) rats weighing 307
g+8 g (n=16) were purchased from Sino-British SIP-
PR/BK Lab Animal Ltd ( Certificate 02-25-3).  N“-ni-
tro- L-arginine methyl ester ( L-NAME), an inhibitor of
nitric oxide synthase (NOS), was purchased from Sig-
ma, St Louis, USA.

Preparation of L-NAME-induced hyperten-
sion in rats (NHR)  Sixteen SD rats were randomly
divided into two groups. Control group received no
treatment. L-NAME group received L-NAME 1 g/L in
drinking water for 4 weeks. Systolic BP and heart rate
{HR) were measured every week by the tail-cuff
method™ . At 4 weeks after treatment, body weight was
lower in L-NAME group (366 g+40 g, n=8) than in
control group (403 g+18 g, n=8).
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Hemodynamic monitoring in conscious unre-
strained rats  The rat was anaesthetized with a solu-
tion of ketamine (50 mg/kg) and diazepam (5 mg/kg),
ip. A polyethylene catheter { PE-1) connectee to PE-50)
was chronically placed into the lower abdominal aorta via
the left femoral artery for measurement of BP and HR.
The catheter was tmnneled subcutaneously, exteriorized
between the scapulae, and fixed on the saddle. More
than 24 h later, the rat was placed in a cylindrical cage
with controlled temperature (23 T =1 ) and lighting
conditions, The aoric catheter was connected to a BP
transducer coupled to a recorder by means of a three-way
stopcock that allows continuous perfusion of the arterial
catheter with heparinized (0.02 /L) isotonic glucose
(0.5 mL/h). With the swivel, the rat could freely
move. Then BP was continuously recorded over a 3-h
period with a computerized technique™® . Briefly, the
BP signals, transmitted to the electric signals by a trans-
ducer, were digitized and processed by a personal com-
puter, which calculated on line the BP and HR. These
values were sampled beat 1o beat and stored on hard disk.
In off-line analysis, the means and standard deviations of
BP and HR over the last 1-h period were calculated.
BPV was expressed by the standard deviation of BP
recorded during the fast 1-h period.

Plasma NO measurement  More than 24 h af-
ter BP measurement, the rats from L-NAME group and
corresponding control group were killed by decapitation.
Blood sample was collected in prechilled tube containing
ethylenediaminetetraacetic acid-disodium salt (Na,-edetic
acid; 1 g/L whole blood) and centrifuged for 15 min at
3200x g and 4 T. Plasma was stored at —20 T be-
fore assay. Plasma samples were sent to Nanjing
Biomedical Engineering Institute for measurement of NO
concentration. Plasma NO concentration was determined
by the method of nitric acid reductase .

Data analysis  All data are reported as x £ 5.
Statistical significance was judged at P <0.05. Statisti-
cal analysis was performed with unpaired r-test using sta-
tistical program, SAS.

RESULTS

BP and BPV in SHR and NHR  Hemodynamic
parameters obtained continuously m conscious unre-
sirained rats are summarized in Tab 1 and Tab 2. In
both SHR (Tab 1) and NHR (Tab 2), systolic and dias-
tolic BP and BPV were significantly increased when

Tab 1. Hemodynamic data in genetic hypertension. n=
5in each group. x=xs. "P<0.05, P<0.01 vs WKY.

WKY SHR SHR/WKY
Systolic BP (kPa) 18.8+1.1 24.0£2.0¢ 1.28
Diastwlic BP {kPa) 13.0x0.7 18.2+1.8 1.40
Systolic BPV (kPa) 1.09+0.22 1.40+0.20° 1.28
Diastolic BPY (kPa) 0.84+0.13 1.4x0.5* 1.6l
HR (beats/min) 35353 334+ 24 0.95
Tab 2. Hemodynamic data in F-NAME-induced hyper-
tension. n=6ineach group. *zs. "P<0.05 P<
0.01 vs control.
L-NAME/

Control L-NAME Control
Systolic BP (kPa)  19.4%1.1  26.4:2.0° 1.36
Diastolic BP (kPa) 13.5x1.8° 19.0+2.% 1.41
Systolic BPV (kPa) 0.85+0.09 1.7+0.6° 2.02
Diastolic BPV (kPa) 0.74x0.12 1.3:0.4° 1.97
HR (beats/min) 37523 378120 1.01
compared with their respective controls. There were no

significant differences in HR between hypertensive and
normotensive rats, In SHR, systolic and diastolic BPV
were increased by 28 % and 61 %, respectively, and in
NHR, they were increased by 102 % and 77 %, respec-
tively. That is, in SHR increase in systolic BPV was
lower than increase in diastolic BFV, whereas in NHR in-
crease in systolic BPV was higher than increase in dias-
tolic BPV. In addition, increase in systolic BPV in
NHR was obviously higher than that in SHR.

Development of hypertension and plasma NO
level in L-NAME-treated rats  To observe the de-
velopment of hypertension induced by L-NAME, we ex-
amined systolic BP and HR weekly by the tail-cuff
method. Chronic oral administration of L-NAME 1 g/L
in drinking water caused a time-dependent increase in sys-
tolic BP in SD rais (Fig 1). HR remained unchanged
during the treatment period (data not shown). L-
NAME-induced hypertension occurred at 2 weeks after
treatment, and progressively developed at 3 and 4 weeks
afier treatment. Moreover, all treated rats were hyper-
tensive after 4 weeks of treatment, ie, their systolic BP
were more than 21.3 kPa (160 mmHg). At the end of
the experiment, plasma NO levels were determined in L-
NAME-treated rats and untreated SD rats. There was a
significant decrease in plasma NO concentration after
chronic administration of L-NAME (Fig 2).
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Fig1l. Time-related changes in systolic blood pressure
in SD rats (O, Control) and Z-NAME-treated rats (@,

LNAME 1 g/L in drinking water). n =8 in each
group. 2 +s8. ‘P<0.01 vs control.
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Fig 2. Plasma NO concentration in SD rats ( Control}
and L-NAME-treated rats [ L-NAME). 7 =35 in each
group. xx5. "P<0.05 vs control.

DISCUSSION

The major novel finding of the present sidy is that
BPV was increased in both gepetic ( SHR) and experi-
mental (NHR) hyperiensive rats. Combined with previ-
ous results that BPV is higher in hypertensive patients")
and LH rats’®), it is concluded that increased BPV is 2
general phenomenon in hypertension. This conclusion is
very important for further study of the mechanisms for
target organ damage in hypertension, since some clinical
studies have shown that the severity of target organ dam-
age in hypertensive patients correlates positively with both
BP and BPV(®7'8) | Comparing the extent of increase in

systolic and diastolic BPY, we found that in SHR in-
crease in diastolic BPV was predominant, whereas in
NHR increase in systolic BPV was predominant. More-
over, increase in systolic BPV in NHR was obviously
higher than that in SHR. These differences may have
two possible explanations: (1) They may be the charac-
teristic differences between genetic and experimental mod-
els of hypertension. It has been reported that increase in
diastolic BPV is predominant in genetically LH ras® .
{2) The evolution with age (or the time after treatment)
of BPV may occur in hypertensive rats.

The mechanism by which BPV is increased in liyper-
tension is not very clear at the present time. Earlier
studies have shown that impaired baroreflex function is
related to increased BPV in essential hypertension(® .
On the other hand, many evidences have demonstrated
that BPV is not dependent on the BP level. First,
chronic sinozortic denervation in rats can produce a sub-
stantial increase in BPV with no change in the mean level
of BP!®),  Second, rabbit exhibits a lower BP level and
a higher BPV in physiolagical condition, when compared
with rat’™ . Third, BPV can be attenuated by adenosine
infusion even when BP is maintained at control levels by
simultaneous infusion of phenylephrine’'>’. This effect
of adenosine on BPV is mediated by adenosine Ay, recep-
tor'®®),  Fourth, the effects of some agents on BPV are
clearly dissociated from their effects on BP. For exam-
ple, parachloroamphetamine raised BP level but reduced
BPVI¥). On the contrary, hydmlazine decreased BP
tevel but increased BPVUS) . In the present study, chronic
oral administration of L-NAME, an inhibitor of nitric ox-
ide synthase (NOS), increased BPV in rats. Nafz ef
al'® reported that BPV was increased by acute intra-
venous bolus of L-NAME in mts. These indicate that
endogenous NO is involved in the regulation of BPV.
Recently, Stauss er @/l found that blood pressure
buffering effect of endogencus NO is mediated by the en-
dothelial isoform of NOS. It is well known that shear
stress is a potent stimulus for the formation and release of
NO. It seems, therefore, possible that a transient in-
crease in BP, which Jeads to a concomitant rise in en-
dothelial shear stress, stimulates NO release. The latter
induces a relaxation of blood vessels that, in tm, coun-
teracts the initial increase in BP, Thus this chain of
events may constitute a negative feedback loop reducing
BPV. The present study supports this hypothesis, since
in L-NAME-treated rats, the loop was damaged by inhi-
bition of NO synthesis, and an enhanced BFV was ob-
served at the same tme. Also, we confirmed that
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chronic administration of L-NAME caused systemic arte-
rial hypertension in rats. It is reasonable to assume that
the arterial hypertension observed in these rats was due to
the decreased NO synthesis, because this study found a
decrease in plasma NQ level in the £-NAME-treated rats,
and a previous study showed that the L-NAME-induced
hypertension in rats was reversed or prevented by short-
term adminsitration of excess L-arginine but not by D-
arginine™® . In our sudy, L-NAME 1 g/L in drinking
water for 4 weeks produced a 100 % success in prepara-
tion of hypertensive rats. By comparison, for prepara-
tion of DOCA-salt hypertensive rats and renovascular hy-
pertensive rats, the methods were more complex, and on-
ly about 70 % of rats were hypertensivel® . Obviously,
NHR as a new model of hypertension possesses two ad-
vantages: (1) It is easy to prepare. (2) The incidence
of hypertension is very high.
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