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ABSTRACT

AIM; To evaluate the antihypertensive efficacy of an-
giotensin converting enzyme inhibitor ( ACEI) benazepril
in combination with AT, receptor antagonist valsartan and
their effect on left ventricular hypertrophy, renin an-
giotensin aldosterone system ( RAAS) and endoxin in
spontaneously hypertensive rat (SHR). METHODS;
WKY control group { n =6) and other 4 groups consisted
of 24 SHR (14-week-old, male, n =6); SHR control
group, benazepril group, valsartan group, and combina-
tion drug therapy group, Systolic blood pressure (SBP)
of SHR was measured at the beginning and at the end of
2, 4, 6, and 8 wk of drug intervention. Morphometric
determination, remin activities, angiotensin I (Ang
1), endoxin, and ATPase activity analysis were per-
formed at the end of 8 week of drug intervention. RE-
SULTS. SBP, ratio of left ventricular mass (LVM),
body weight (BW) (LVM/BW), and transverse diame-
ter of myocardial cell (TDM) of SHR were remarkably
decreased after drug intervention, and this decrease was
most remarkable in the combination drug therapy group.
Renin activities of plasma and myocardium were remark-
ably increased in drug intervention groups. The levels of
Ang [I in plasma and myocardium were remarkably in-
creased in valsartan group, decreased in benazepril group
and combination drug therapy group. Na”-K*-ATPase
activities in myocardium were remarkably increased and
the Ievel of endoxin in myocardium were remarkably de-
creased as SBP decreased after drug intervention, CON-
CLUSION; Both benazepril and valsartan can decrease
SBP of SHR, and cause regression of ventricular hyper-
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trophy. 'The efficacy of combination drug therapy group
is most remarkable amoeng all groups and avoids the side
eftects of induction of high Ang [I levels in plasma and
myocardium caused by long-term use of valsartan alone.

INTRODUCTION

Renin angiotensin aldosterone system (RAAS) plays
a key role in moaintaining normal blood pressure, liquids,
and electrolyte balance. Meanwhile, it also affects the
pathophysiology of hypertension. Benazepril is an an-
giotensin converting enzyme inhibitor (ACEI) and has an
excellent antihypertensive effect by blocking the formation
of angiotensin 11 (Ang [I}. Tt is extensively used to
treat hypertension'2) . Valsartan is an Ang I receptor
1 (AT,} antagonist and has an antihypertensive effect by
blocking the action of Ang [l on AT, receptor™ ., Lev-
els of plasma Ang Il are remarkably increased when val-
sartan alone is used to treat hyperiension. High concen-
tration of Ang [l can competitively combine with AT, re-
ceptor to weaken long-term efficacy of valsartan although
high concentration Ang [I may combine with AT, recep-
tor on myocardium and vascular smooth cell to induce cell
apoptosis.  This research combined valsartan with be-
nazepril to evaluate their antihypertensive efficacy as a
combination drug therapy and their effects on left ventric-
ular hypertzophy, RAAS, and endoxin in spontancously
hypertensive rat (SHR).

MATERIALS AND METHODS

Animals Twenty-four SHR (Grade [, Certifi-
cate No (2-37-2), male, fourleen weeks old, weighing
210 - 250 g; Sex and age matched WKY rats (Grade [I ,
Certificate No 02-37-1), weighing 205 — 263 g; were
purchased from Shanghai Instite of Hyperiension Re-
search (Ching) .

Reagents Radioimmunoassay kits with reagents
of plasma renin activity (PRA) and Ang Il were pur-
chased from Beijing Northern Biological Technological
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Institute {China). Radioimmunoassay kit with reagent
of endoxin was purchased from Radioimmune Institute of
Tongji University (China). The kit with reagent of
ATPase activity was purchased from Nanjing Jiancheng
Biological Engineering Institute (China). Valsartan and
benazepril were provided by Beijing NOVARTIS Pharma-
ceutical, Ltd (China) .

Grouping Six WKY rats were constituted as a
nermmal control group {Group A): fed with 0.9 % NaCl
10 mE.-kg™'-d™" for 8 wk.
randomly divided into four groups, six rals in each
group. SHR control group (Group B); fed with 0.9 %
NaCl 10 mL+kg~'+d™'; Benazepril group (Group C):
fed with benazepril 1 mg-kg™!-d™'; Valsartan group
(Group D) ; fed with valsartan 8 mg-kg~!+d~1; Combi-
nation drug therapy group {Group E): fed with valsartan
8mg-kg'-d~! and benazepril 1 mg-kg~'-d"!. The
experimental drugs were given by gavage in 0.9 % NaCl
10 ml. at 8 AM. The experiment continued for 8 wk.
All rats were fed with standard rat chow and tap water ad
lib during experiment.

Measurement of systolic blood pressure
(SBP) SBP was measured using tail-cuff technique
(MRB-Ml A computer control sphygmomanometer for
rat, Shanghai Institute of Hypertension Research, China)
at the beginning and at the end of 2, 4, 6, and 8 wk of
freatment .

Morphometric determination and renin activ-
ities, Ang [l , endoxin, and ATPase activity anal-
ysis  After weighing the animal and measuring the blood
pressure at the end of the experiment, rats were anes-
thetized by 2 % thiopental 40 mg-kg™! celiac injection.
The blood from carotid was put into anticoagulation test
tubes having cooled aprotinin and edetic acid and cen-
trifuged at 1200 x g at 4 C for 10 min. The supematant
was preserved at — 20 C (o detect PRA and Ang 1.
The heart was quickly removed and perfused with 0.9 %
NaCl liquid through the aorta. Moisture content of the
heart was absorbed with filter paper. The weight of left
ventricle and ventricular septum served as left ventricular
mass {LVM). Ratio of LVM and body weight (BW)
was calculated as the index of left ventricular hypertro-
phy. The left ventricular myocardial tissue 0.5 ¢cmx 0.5
cm x 0.5 cm was taken out and placed in glass bottle with
10% formalin, Left ventricular myocardium was pro-
cessed and embedded in paraffin for transverse sectioning
(6—10 pzm) and stained with haematoxylin/eosin (HE).
Transverse diameter of myocardial cell {TDM) was ex-

Twenty-four SHR were

amined with optic microscope. Twenty myocardial cells
were randomly examined in each slice and average value
of TDM were calculated. The partial left ventricular my-
ocardium was mixed with acetic acid 0.5 mol*L~" and
boiled for 15 min. After cooling, the homogenates were
centrifuged at 1200 x g, 4 C for 20 min. The super-
natant was examined for Ang [I . The rest of the ven-
tricular myocardium was mixed with cooled aprotinin
(W:V =1:10) and homogenated. The homogenates
were centrifuged at 1200 x g for 20 min at 4 . The
supernatant was examined for renin activities, Na*-K*-
ATPase activities and endoxin.

Estimating renin, concentration of Ang I,
endoxin, and ATPase The renin, Ang I, and en-
doxin in myocardial tissues and plasma were assayed with
radioimmunoassay. ATPase activities were determined
by chromometry. The content of protein in myocardial
tissues was determined by protein-dye binding method'*’ .

Statistic analysis All data were shown as ¥ % s,
and test by Student-Newman-Keul’s test { ANOVA). In-
terrelation of two factors was adopted with simple beeline
correlation analysis.

RESULTS

Effects of drug intervention on systelic blood
pressure in SHR The level of SBP in SHR control
group was remarkably higher (han that in WKY control
group. The level of SBP after drug intervention was re-
markably lower than that before drug intervention in be-
nazepril, valsartan, and combination of benazepril with
valsartan group and antihypertensive effect of combination
of benazepril with valsartan was most remarkable ( Tab
1).

Effects of drug intervention on renin activi-
ties and levels of Ang [ in plasma and myocar-
dial tissues in SHR  As shown in Tab 2, the renin ac-
tivities and Ang 1T in plasma and myocardial tissue were
remarkably higher in group B than in group A. After
drug intervention, renin activities in plasma and myocar-
dial tissue in group C, D, E were remarkably higher than
in group A, B; the levels of Ang Il in plasma and my-
ocardial tissue in group D were remarkably higher than in
group B; the levels of plasma Ang Il in group C were
slightly lower than in group B, but the levels of Ang I
in myocardial tissue in group C, E were remarkably lower
than in group B.
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Tab 1. Effects of drug intervention on SBP (mmHg} in SHR. n=6. xts. P<0.01 vs group A. P<0.01 vs
group B. P <0.05 vs group C, D, respectively. 'P<0.01 vs befare treatment.

Group Before 2 wk 4 wk 6 wk 8 wk

WKY (A) 108 +6 2x7 1057 14 £6 1058

SHR (B) 174+ 12° 177 = I°F 181 + I¢F 183 + 8 183 + 6°

Benazepnl (C) 1744 12° 149 £ 91 143+ 87 141 + 8" 140 + 8"

Valsartan (D} 1741 ¢ 148 + g 141 £ 70 138 + 61 138 £ 71

B plus V (E) 1742 11° 144+ 7 130 + &M 128+ 55M 128 + 5
Tab 2. Effects of drug intervention on renin activities  more than in group A. After drug intervention, LVM/

and levels of Ang I in plasma and myocardial tissues in
SHR. n=6. x+s5. P<0.05, P<0.01 vs group A.
P <0.05 vs group B.

Renin activities Ang Il
Group Plasma/  HeartY  Plasma/  Heart/

ng:'L”' pgg' mglT' oagep!
WKY (A) 2.7+0.7 1.4+0.4 580+128 190=18
SHR (B} 3.1+0.8° 2.1x0.4° 732+135° 271 x40°
Benazepril (C) 4.2+0.6% 2.9+0.8° 630+83  211+3%
Valsartan (D) 4 6+0.7° 3.0+0.8° 057+ 138" 332+ 56%
Bplus V(E} 4.6+0.8° 3.4+0.6° TMx138 216+46°

Effects of drug intervention on activities of
Na*-K* -ATPase and level of endoxin in myocar-
dial tissues in SHR  Myocardial tissue activities of
Na*-K*-ATPase in group B were remarkably lower than
in group A; the level of endoxin in group B was remark-
ably higher than in group A. After drug intervention,
myocardial tissue activities of Na* -K*-ATPase rose re-
markably and level of endoxin decreased remarkably.

Tab 3. Effects of drug intervention on activities of Na*-
K* -ATPase and level of endoxin in myocardial tissues in

SHR. n=6. ®+s. "P<0.05 vs group A. P<0.05
vs group B.
Na*-K*-ATPase Endoxin
¥ /panol *mg ~* (protein) -h ! /ngrg”!
WKY (A) 3.420.6 0.20+£0.13
SHR {B) 2.0%0.6° 0.47£0.16"
Benazepril (C) 3.2+0.9° 0.31£0.17
Valsartan (D) 2.9+0.5° 0.35+0.13°
B plus V (E) 3.8+0.6° 0.26+0.15°

Effects of drug intervention on LVM/BW and
TDM in SHR LVM/BW in group B was remarkably
higher than in group A, TDM in group B was remarkably

BW and TDM in group C, D, and E remarkably de-
creased as decrease of SBP. Effect of group E was very
significant. Significant positive correlation between SBP
and LVM/BW, TDM were observed. By cormrelation
analysis, r was 0.6771, 0.6812, respectively, P <
0.01.

Tab 4. Effects of drug intervention on LVM/BW and
TDMimm SHR. n7=6. ®xs. "P<0.05 s group A.
P <0.05 vs group B.

Group LVM/BW/mg-g~! TDM/¢:m
WKY {A) 2.12+0.19 12.6+0.6
SHR (B) 3.6020.24" 15.7£0.6°
Benazepril (C) 2.61 £0.22° 13.9+0.5°
Valsartan (D) 2.66+0.21° [4.0+0.6°
B plus V (E) 2.45+0.1F 13.4£0.5

DISCUSSION

RAAS plays a key role in maintaining normal blood
pressure, liquids and electrolyte balance. Ang [ in-
duces effects such as contracting vascular smooth cells,
increasing aldosterone secretion, promoting vascular and
myocardial cell growth by combining with AT, recep-
tor®® . Therefore, Ang [I takes part in the pathophysi-
ological process of hypertension. ACEI has antihyper-
tensive effects, regresses myocardial hypertrophy by in-
hibiting ACE activities and decreasing Ang Il levels in
plasma and tissuest . But ACEI can not effect the
formed Ang [I. AT, receplor antagonists have antihy-
pertensive effects by inhibiting Ang [I combination with
AT, receplor. Studies show that levels of Ang Il in
plasma and myocardial tissue significantly rise after AT,
receptor antagonist is used. It was thought that high
concentration of Ang [[ might combine with AT, receptor
on myocardial cell to induce cell apoptosis and lead to re-
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gression in myocardial hyperl:rophym. But, at high
concentrations Ang Tl can compete with AT, receptor an-
tagonist to combine with AT, receptor, therefore, efficacy
of AT, receptor antagonist is weakened. This effect may
be evident in patients who undertake long-term AT an-
tagonist therapy when the drag dose is decreased. There-
fore, it is important to search for an optimal treatment in
order to improve the long-term prognosis of hypertensive
patients.

In our study it was ohserved that benazepril, valsar-
tan, benazepril plus valsartan all had significant antihy-
pertensive effects in SHR. This effect was most remark-
able in the combination drug therapy group. It was
found that renin activities in the plasma and myocardial
tissue were significantly raised in the three drug interven-
tion groups. The level of Ang [l 'in the plasma and my-
ocardial tissue significantly rose in valsartan group, de-
creased in benazepril group and the combination drug
therapy group. The regression in myocardial hypertrophy
was observed in three drug intervention groups (LVMY/
BW and TDM were chserved to decrease) and was most
remarkable in the combination drug therapy group. The
regression in myocardial hypertrophy was positive correla-
tion with decrease of SBP. The result was in consistence
with the literature® . The antihypertensive efficacy of
the combination drug therapy was excellent, and its effect
on circulating and tissue RAAS balance was insignificant.
Combination drug therapy can decrease high levels of Ang
Il caused by the use of AT, receptor antagonist alone and
thus can avoid side effect caused by high levels of Ang
II.

Endoxin is an inhibitor of Na*-K*-ATPase. Pre-
vious research implicates its part in the process of hyper-
tensive pathophysiology and myocardial ischemic-reperfu-
sion injury[q'wJ. The present study found that the level
of endoxin in the myocardial tissue in SHR was signifi-
cantly raised and activities of Na* -K* -ATPase were sig-
nificantly decreased in myocardial tissue. The level of
endoxin in myocardial tissue significantly decreased and
activities of Na*-K* -ATPase were significantly raised as
blood pressure decreased after drug intervention. This

shows that endoxin may take part in the pathogenesis of
hypertension. Meanwhile, it also shows that antihyper-
tensive efficacy of benazeprial and valsartan maybe related
with the fact that these drugs inhibit endoxin synthesis and
secretion in the myocardial and vascular tissue except for
effect on RAAS.
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Valsartan 5 benazepril RA R A A R H M E
KREMEMAEZRER R

AR, & K, T (mEEZELIL
EgCHNE, 241001, PE)

XA FE; EIBL Ay SibE; B SHR
KE; BE4TE: FOERE

B VR 0SB K R i i 0 A ) AR E Al A
AT, AR A B AHHN A Z /I EX
BL(SHR) By 4 [ 97 330 B BLadh .0 WILAE JEE £ R 0 xt 1B
E-mMEREHRE-BEAMRLE(RAAS), AEBEEK
PRy, FE: 24 B 14 Bk SHR B 5
S X B 4E . Benazepril ZH, Valsartan 41 #l Benazepril
+Valsartan 41, i WKY EHMHBAE. SMTEH
TR, S THE 2. 4, 6, 8AARMEXRR

SBP; TZi47TH/5 8 A& Ki.c UM AR fE T E
T, MEBEHREMEE, CALHES Na*-K*-ATP
B HMAERBE KT, #TONEASESER
B, R AT HEE SHR 5 B4 K (SBP) K
THB T, LLEKE HGH SBP FTHREYE; &
WrHsAnEMLNARNEEHEHSNEREAE;
Benazepril 41 Benazepril + Valsartan 21 1 3 #1 .0 L 41
28 Ang [1 K TR, @ Valsartan 26 i 5700 UL 26 21
Ang [I AT WM 27 & BE SBP K TR, LHL
HY Na*-K-ATPREISHEE AR, MARKBER
AFRUHEE TR 2% THES LVYM/BW, TDM 13
HERE, LUBSASARERAIRE. &
ACE! Benazepril #1 AT, 35417 Valsartan 5y H W B &)
Rk SHR (9 SBP {1, FEFAR MR A EH,; K&
AR B R EE, FEE B LR — AT, FEHA
FR B A0S Ang K TRIA R EER.
(TEmE 5 #)



