XieHH et all ActaPharmacol Sin 2002 Dec; 23 (12): 1199-1204 - 1199.

0 2002, ActaPharmacologicaSi nica
ISSN1671-4083

Shanghai Insti tuteof MateriaM edica
Chinese Academy of Sci ences
http://www.Chi naPhar.com

Importance of blood pressure variability in
organ protection in spontaneously hypertensive
rats treated with combination of nitrendipine and atenolol'

XIE He-Hui, MIAO Chao-YW?, LIU Jan-Guo, SU Ding-Feng?

Department of Pharmacology, Basic Medical College, Second Military Medical University, Shanghai 200433, China

KEY WORDS atenolol; nitrendipine; drug combinations,; baroreflex; blood pressure; bl ood pressure variability;
organ protection; hypertension

ABSTRACT

AIM: To study the importanceof reduction of blood pressure variability (BPV) in the organ protection of long-term
treatment with combination of nitrendipineand atenolol, which was abbreviated as Nile, in spontaneoudy hyperten-
sverats(SHR). METHODS: Combination of nitrendipine (10 mg- kg™ d*) and atenolol (20 mg- kg d™) wasgiven
in SHR chow for 12 weeks. Blood pressure (BP) was then recorded during 24 hin conscious sate. After the
determination of baroreflex sengtivity (BRS), ratswere killed for organ-damage eval uation. RESULTS: Long-term
treatment with Nile sgnificantly decreased BP and BPV, amdliorated impaired BRS, and obvioudy diminished end-
organ damagein SHR. Theindices of left ventricular and aortic hypertrophy, and glomeruloscleross scorewere al
positively related to BP and BPV, and negatively related to BRS in untreated and Nile-treated SHR. Multiple-
regresson analysis showed that decrease in | eft ventricular and aortic hypertrophy was mainly related to the de-
creaein systolic BPV, and ameliorationin rena leson was mainly determined by increasein BRS. CONCLUSION:
L ong-term treatment with Nile possessed obviousorgan protection in SHR. Besides the BP reduction, the decrease
in BPV and the restoration of BRS may importantly contribute to this organ protection.

this cond deration, it hasbeen proposed that an antihy-
pertensive drug with a BP-gabilizing effect would of -
fer additional benefit in the treatment of hypertension.
A combination of two antihypertensive drugs with
relative light dose of each isoften clinicdly used. We
have studied the synergism of nitrendipine and atenolol
on blood pressure (BP) reduction in spontaneoudy hy-
pertensve rats (SHR), renovascular hypertensive rats,
and DOCA-sdt hypertensive rais”. The combination

INTRODUCTION

It iswell documented that blood presaure variabil-
ity (BPV) isincreased in both hypertensve humans and
hypertensve animals*®. Furthermore, BPV wasfound
as an important factor determining the end organ dam-
age (EOD) in hypertenson*®. In other words, thein-
gability of BP could produce organ damage. Based on
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of nitrendipine and atenolol (1:2) was abbreviated as
Nileandit isactudly inclinicd trial (Phasell). It was
found that there were 2 obvious advantagesin the anti-
hypertensve effect of Nile: (1) an obvious synergism
on BPreduction. Thissynergism may reduce the doses
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of each drug required in the treatment of hypertension;
(2) arapid and persstent antihypertensve effect with a
duration up to 24 h. Thisfeature decreases the times
of drug administration and in turn decreasesthe BPfluc-
tuation produced by multiple drug administrations”.
However, we do not yet know whether Nile decreases
BPV and hasany effect onorganprotection. The present
work was desgned to investigate the effect of Nile on
BPV and organ protectionin SHR.

METERIALS AND METHODS

Animals and reagents Mae SHR with an age of
12 weeks were provided by the Anima Center of Sec-
ond Military Medical Universty. The ratswere housed
with controlled temperature (23-25 °C) and lighting
(8:00-20:00 light, 20:00-8:00 dark) and with free ac-
cessto rat chow and tap water. Nitrendipine was pur-
chased from Nanjing Pharmaceutical Co Ltd, China,
and atenolol was purchased from Shanghai Second
Pharmaceutical Co Ltd, China

Drug administration Nitrendipine and atenolol
were mixed in therat chow. The consumption of rat
chow containing drugswas determined previoudy. The
content of drugs in the rat chow was calculated ac-
cording to the chow consumption and theingested dose
of nitrendipine and atenolol were about 10 and 20
mg- kg d*, respectively. The control group received
the same diet without the drugs. After 12 weeks of
drug adminigration, BP was recorded during 24 h, and
then BPV was cal culated and baroreflex senditivity (BRS)
was determined in conscious rats. And histopathol ogi-
ca examinationswere performed after BP, BPV, and
BRS gudies.

BP and BPV measurement Systolic BP (SBP),
diastolic BP (DBP), and heart period (HP) were con-
tinuously recorded using the described technique®?.
Briefly, ratswere anesthetized with a combi nation of
ketamine(40 mg/kg) and diazepam (6 mg/kg). A float-
ing polyethylene catheter was inserted into the lower
abdominal aortavia the left femoral artery for BP
measurement, and another catheter was placed into the
left femoral vein for iv injection. The catheters were
exteriorized through the interscapular kin. After a2-d
recovery period, the animals were placed for BP re-
cording inindividual cylindrical cagescontaining food
and water. The aortic catheter was connected to a BP
transducer viaa rotating swivel that alowed the ani-
mals to move freely in the cage. After about 14-h

habituation, the BP signal was digitized by a
microcomputer. SBP, DBP, and HP vauesfrom every
heartbeat were determined online. The mean values of
these parameters during a period of 24 h were cal cu-
lated and served as SBP, DBP and HP. The gandard
deviation over the mean was calculated and defined as
thequantitativeparameter of BPV, ie sysolic blood pres-
sure variability (SBPV), diastolic blood pressure vari-
ability (DBPV), and heart period vaiability (HPV).
Baroreflex sensitivity (BRS) measurement TO
determine thefunction of arterial baroreflexin conscious
rats, the methods widely used are derived from that of
Smyth firstly applied for human'®. The principle of
thismethod is to measure the prolongation of HP in
response to an elevation of BP. With some modifica
tions, this method was used in consciousratd**2. A
bolus injection of phenylephrine was used to induce an
elevation of BP. The dose of phenylephrine was ad-
justed to raise SBP between 20-40 mmHg. HP was
plotted against with SBP for linear regresson analyss,
thedope of SBP-HP was expressed as BRS (msmmHg).
Morphological examination Therat wasweighed
and killed by decapitation. The thoracic and peritonea
cavitieswereimmediately opened. The right kidney,
aorta and heart were excised and rinsed in cold physi-
ologica saline. Theright kidney was blotted, and
weighed. Theleft ventricle wasisolated, blotted, and
weighed. At the sametime, the aorta was cleaned of
adhering fat and connective tissue. Just below the
branch of theleft subclavicular artery, a 30-mm-long
segment of thoracic aorta was harvested, blotted, and
weighed. Ratiosof left ventricular wa ght to body weight
(LVW/BW), right ventricular weight to body wei ght
(RVW/BW), ventricular weight to body weight (VW/
BW), left ventricular weightto right ventricular weight
(LVW/RVW), and aortic weight to the length of aorta
(AW/length) were calculated™ ™. Histopathol ogical
observation wasalso carried out with our conventiona
method™. Briefly, immediately after gross detection,
al samplesof left ventriclesin 2- to 3-mm-thick dices,
aortae and kidney were immersed in formalin solution
for morethan 1 week, dehydrated in ethanol, cleared in
dimethylbenzene and embedded in paraffin. Then the
5-pum-thick sections were prepared and stained with
hematoxylin and eosin for light microscopic evaluation.
Glomerulosclerosis score (GSS) For the
semiquantitativeevaluationof glomeruular damage, the
GSS was defined as previoudy described™. On the
light microscopic specimens, approximately 50 glom-
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eruli from the outer cortex and the same number of
glomeruli from the inner cortex for each kidney were
graded according to the degree of stlerosis O, if no
mesangid expansion; 1, if mild mesangia expandon (less
than 30 % of a glomerular area); 2, if moderate
mesangia expanson (30 %-60 % of aglomerular areq);
3, if marked mesangid expanson (morethan 60 % of a
glomerular area); and4, if thesclerosswasglobal. This
was performed by one observer inablind fashion using
coded dides. A weighed composite sclerosis score was
then calcul ated for each kidney according to thefol-
lowing formul a glomerulosclerosis score=[ 1x(number
of grade 1 glomeruli)+2x(number of grade 2 glomeruli)
+3x(number of grade 3 glomeruli)+4x(number of grade
4 glomeruli)]*100/(number of glomeruli observed).

Statistical analysis Data were expressed as
mean+SD. Comparisons between 2 groups were made
by unpaired r-test. The relationships between hemody-
nami c parameters and organ damage parameters were
analyzed by dassc univariate correldion andyss. Step-
wise multiple-regression anayss was performed to
study the i ndependent eff ect of hemodynamic param-
eters on organ damage. F to enter and F to remove
were set to P<0.05 and P>0.10, respectively. P<0.05
was consdered datisticaly sgnificant.

RESULTS

Effects of long-term treatment with Nile on
BP, BPV, and BRS in SHR In conscious SHR, Nile
sgnificantly decressed24-h SBP, SBPV, DBP, and DBPV
with asgnificant increasein HP and HPV. Interms of
ABRfunction, it wasfoundthat Nile markedly enhanced
BRSin treated rats (Tab 1).

Effects of long-term treatment with Nile on
organ damages in SHR In Nile-treated SHR, LVW/
BW, VW/BW, LVW/RVW, AW/BW, and GSS weresg-
nificantly decreased when compared with untreated rats
(Tab 2). Under microscope, left ventricular, aortic and
rend tissues from SHR demondrated obvious patho-
logical changes, including cardiomyocyte hypertrophy,
myocardia interstitial and perivascular fibrosis, wal
thickening of intramyocardia arterioles and aortae, de-
gruction of vascular internal eastin membrane, glom-
erular atrophy and fibross, and rena vasaular sclerosis.
These characterigtic changeswere markedly attenuated
by long-term treatment with Nile (Fig 1).

Relationships between BP, BPV, BRS and or-
gan damages in SHR It was found that LVW/BW, an
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Tab 1. Effects of long-term treatment with combination of
nitrendipine and atenolol on hemodynamics in spontane-
ously hypertensive rats (SHR). n=7. Mean%SD. "P<0.05,
‘P<0.01 vs SHR.

SHR Nit+Ate
SBP/mmHg 190+11 149+15°
SBPV/mmHg 15.4+2.0 11.041.8°
DBP/mmHg 121+13 98+9°
DBPV/mmHg 11.7+2.2 9.0+1.6°
HP /ms 160+11 187+21°
HPV/ms 2614 31+4°
BRS/msxnmHg* 0.30+0.17 1.0+0.3°

SHR, spontaneously hypertensive rats; Nit+Ate, combination
of nitrendipine and atenolol; SBP, sy stolicblood pressure; DBP,
diastolic blood pressure; HP, heart period; SBPV , systolic blood
pressure variability; DBPV, diastolic bl ood pressure variability;
HPV, heart period variability; BRS, baroreflex sensitivity.

Tab 2. Effects of combination of nitrendipine and atenolol
on pathological changes in ventricles, kidneys and aortae
in spontaneously hypertensive rats. n=7. Mean2SD. "P<0.05,
‘P<0.01 vs SHR.

SHR Nit+Ate
LVW/BW(mg/g) 3.610.3 2.9+0.4°
RVW/BW(mg/g) 0.73+0.07 0.78+0.13
VW/BW(mg/g) 4.4+0.4 3.7+0.5°
LVWRVW 5.040.5 3.810.5°
AW/length (mg/mm) 1.48+0.11 1.09+0.10°
GSS 61+9 43+6°

SHR, spontaneously hypertensive rats; Nit+Ate, combination
of nitrendipineand atenolol; LVW, left ventricular weight; BW,
body weight; RV W, right ventricular weight; VW, ventricul ar
weight; AW, aorticweight; GSS, glomerul osclerosis score.

index for left ventricular hypertrophy, AW/length, anin-
dex for aortic hypertrophy, and GSS, anindex for rend
damage were dl postively related to BP and BPV, and
negatively related to BRS (Tab 3). The relative depen-
dencies of organ damage on hemodynamic parameters
were assessed by stepwise multiple-regression analyss.
Both LVW/BW and AW/length were independently asso-
ciated with higher SBPV (b=0.850, P<0.01; and b=
0.801, P<0.01, respectivdy). While GSS was indepen-
dently associated with lower BRS (b=-0.826, P<0.01).
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Nit+Ate

Fig 1. Effects of long-term treatment of Nile on histopath ological changes in left ventricles, aortae, and kidney in SHR. SHR
indicates spontaneously hypertensive rats; Nit+Ate, combination of nitrendipine and atenolol. Top row: left ventricular
tissues with hematoxylin and eosin s tain, x60; Middle row: aortic tissues with hematoxylin and eosin stain, x60; Bottom row:
renal tissues with hematoxylin and eosin stain, x60.

DISCUSSION possessed obvious effects on organ protection in SHR.

The present work clearly demonstrated that long- Clinicaly, preventing or reversing end-organdamage is
term treatment with Nile not only decreased BP level, animportant objectivein thetreatment of hypertenson.
but also decreased BPV and increased BRS, and Nile It iswell known that high BP level induces organ dam-
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Tab 3. Linear regression coefficient () between BP, BPV,
BRS values, and organ damages in Nile-treated and un-
treated spontaneously hypertensive rats. n=14. "P<0.05,
‘P<0.01.

LVW/BW AW/length GSS
SBP 0.771° 0.790° 0.746°
DBP 0.620° 0.634 0.631°
SBPV 0.850° 0.801° 0.612°
DBPV 0.631° 0.634 0.427
BRS -0.678° -0.763° -0.826°

SBP indicates systolic blood pressure; DBP, diastolic blood
pressure; SBPV, systalic blood pressure variability; DBPV, di-
astolic blood pressure variability; BRS, baroreflex sensitivity;
LVW, left ventricular weight; BW, body weight; AW, aortic
weight; GSS, glomer ulosclerosis score.

age and decreasing BP level prevents end-organ damage.
In the present work, long-term treatment with Nile sg-
nificantly decreased SBP and DBP in SHR. In the
univariate correlation analysis, both SBP and DBP were
positively related to EOD parameters. But both SBP
and DBP were eliminated in the sepwise multiple-re-
gresson analysis. These resultsindicate that | owering
BP may contribute to the organ protective action of
Nilein SHR, but it isnot the most important determi-
nant for organ damagesin Nile-treated and untreated
SHR.

High BP level is not the unique factor determining
hypertensive end-organ damage. Recently, it has been
proposed that BPV may be i mportant factor determin-
ing organ damage in hypertension. 1n 1987, Paréti et al
found that for nearly any levels of 24-h mean BP, pa
tientsin whom the BPV was lower had alower preva
lence and severity of organ damage than those with
higher BPV!. Our previous study demonstrated that
the severity of organ damage (EOD score) was pos-
tively related to BP levels (»=0.31-0.32, n=50, P<0.05),
and to BPV (»=0.63-0.65, n=50, P<0.01) in 60-week-
old SHR®. A similar result wasobtained in our another
study™”. Inthe present work, long-term treatment with
Nile markedly decreased SBPV and DBPV in SHR. In
the univariate regresson anayss, BPV was positively
related to EOD parameters.  Stepwise multipl e-regres-
sionanays s showedthat both LVW/BW and AW/length
wereindependently associated with higher SBPV. These
resultsindicate that decrease in BPV might be one of
the major mechanismsfor the organ protective action
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of Nilein SHR.

In addition, arteria baroreflex dysfunction is an-
other feature of hypertenson. It has been well recog-
nized that BRS isimpaired in hypertensive humans and
animas™®?!. Our previous sudy proposed that BRS
was one of the independent variablesreated to EOD
score, and BRS predicted the end-organ damage in hy-
pertenson™. In the present work, long-term treat-
ment with Nile markedly enhanced BRS in SHR, and
BRS was negatively related to LVW/BW, AW/length,
and GSS. In the sepwise multiple-regresson analysis,
it wasfound that BRS was the most important determi-
nant for GSS in Nile-treated and untreated SHR. These
resul ts suggest that the restoration of baroreflex func-
tion may contribute to the organ protective action of
Nilein SHR.

In concluson, long-term treatment with Nile pos-
sessed obvious organ protection in SHR. Besides the
BP reduction, the decrease in BPV and the restoration
of BRS may importantly contribute to this organ
protection.
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