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ZHANG ET AL.: Role of Angiotensin II Receptors in Pressure Overload-induced Left Ventricular Hypertrophy.
Objective: To investigate the role of angiotensin receptors(ATRs) in pressure overload-induced left ventricular
hypertrophy (LVH). Methods: The model of rat abdominal aortic constriction was adapted. At 10th week after
operating, Ang II in myocardium was measured by radioimmunoassay, tissue ATRs and its subtype were analysed by
radioligand binding assay. Results: The content of Ang II in the operated group was significantly more than that in
the control group. Left ventricular mass index (LVMI) was positively correlated  with  Ang II (r=0.8066, P<0.01).
The maximal binding capacity of ATRs in the operated group was significantly higher than that in the controls (P<
0.01). However, the dissociation constant (kd) and ratio of AT1 to AT2 receptor between the two groups were not
significantly different. Left ventricular hypertrophy was markedly reduced by Irbesartan, an AT1R antagonist, and
was not influenced by CGP42112A, an AT2R antagonist. Conclusions: These results suggest that left ventricular
ATRs were upregulated during the pressure overload. The left ventricular hypertrophy induced by Ang II is mainly
due to AT1R pathway. (J HK Coll Cardiol 2001;9:41-44)
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in the development of LVH.1 There is also evidence
indicating that Ang II is a growth-promoting factor and
its effect is mediated by angiotensin receptors (ATRs).
However, there has been no agreement on the alteration
and role of ATRs in LVH. The present study was
designed to investigate the role of ATRs in LVH.

Methods

Materials
Angiotensin II, Phenglmenthyl sulfongl fluride

(PMSF, America), 125I-Ang II (1200 µi/µg, China),

Left ventricular hypertrophy (LVH) is an
independent, major risk factor for cardiovascular
morbidity and mortality. Several studies suggested that
the heart could secreate angiotensin II (Ang II) in an
autocrine and paracrine fashion, and Ang II is involved
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M Tris-acetate buffer containing 2.6 mM EDTA, 1 mM
PMSF, and 0.1% bovine serum albumin (BSA) pH 7.4,
for radioimmunoassay of Ang II according to the
method of Mizuno.2

Binding Assay3

Left ventricular tissue was homogenized. The
homogenate was centrifuged at 4ºC for 10 minutes at
2000×g. The supernatant was removed and centrifuged
at 4ºC for 20 minutes at 27,000×g. The supernatant was
removed and discarded while the pellet was resuspended
in 50 mM Tris buffer (pH 7.4). Membrane protein
concentration was adjused to 0.75 mg/ml.

Binding studies were performed by incubation
of membrane protein in binding buffer (composed of
50 mM Tris , 150 nM Nacl, 0.4 mM PMSF, 0.1% BSA.
0.1% bacitracin; 10 µM 1,10-phenanethroline; at pH
7.4) with various concentrations of 125I-Ang II (0.2-6
nmol/L) for 120 minutes at 22ºC. After incubation,
bound and free radioactivity were seperated by filtration
through glass fiber filters, and the radioactivity of each
filter was counted in a gamma counter. Nonspecific
binding was determined by the addition of 2 µmol/L
unlabed Ang II. The maximum binding capacity and
the dissociation constant were determined by use of the
scatchard equation.

Ang II receptor subtypes in LVH and control (n=4
in each group) hearts were characterized by the presence
or absence of unlabeled Ang II or Losartan (an AT1R
antagonist) or CGP42112A.

Finally, Crossover inhibition experiments were
performed in a modified fashion with 5nM 125I-Ang II
by determing competitive binding by Losartan or
CGP42112A in the presence of 1 µM receptor
antagonist. The half-maximal inhibitory concentration
(IC50) and inhibitory constant (ki) were then calculated.

Statistical Analysis
All data were presented as mean±SD. Statistical

analysis was done by using student's t test and correlation
analysis. Statistical significance was defined as P<0.05.

Results

Changes of LVW, LVMI and ID (Table 1)
Compared with control, LVW, LVMI and ID in

the operated group increased significantly (P<0.05,

Ang II Radioimmunoassy (China), Losartan (Dup753,
America), Irbesartan (France), CGP42112A (America).

Preparation of Animals
Male Wistar rats (body weight 150-180 g) were

divided randomly into four goups: sham-operated group
(n=15). Operated group (n=15). Operated group with
Irbesartan (10 mg/kg/d, n=12). Operated group with
CGP42112A (20 mg/kg/d, n=12), Animals were
anesthetized with an intraperitoneal injection of
pentobarbtal sodium (30 mg/kg). Aortic constriction was
created via placement of stainless steal tip (0.7 mm ID)
on the abdominal aorta. Irbesartan (an angiotensin II
type 1 receptor (AT1R) antagonist) and CGP42112A (an
angiotensin II type 2 receptor (AT2R) antagonist) were
fed at the first day after operating and all rats were used
for experimentation 10th week after the constriction.

Measurement

Left Ventricular Weight (LVW), Left Ventricular Mass
Index (LVMI)

Heart of rats were removed and placed in ice-
cold saline, pericardia, vessels, atria, right ventricular
wall and fat were removed. Weighted LVW and
caculated LVMI. LVMI=LVW/body weight (mg/g).

Diameter of Cardiac Myofibril (ID)
The mid myocardium was cut at 0.5 cm thickness

at cross section and was fixed in 10% formalin solution,
embedded in paraffin. The tissue were sliced and these
sections were dyed with HE, Diameter of myofibril was
measured by pathological examination combined with
computed processing. 5 sections of each animal were
observed by light electroscopy.

Measurement of Ang II Content
The heart was removed, left ventricle was

immediately frozen on dry ice, weighed and stored at
-80ºC until assay. On the day of extraction, the tissues
were thawed and homogenized by Polytron in 0.1 N
HCl. Homogenate was centrifuged at 20,000×g for 30
min at 4ºC, and the supernatant was applied to an
octadecasilyl-silica cartridge. After washing with 10 ml
of 0.1 N HCl, Ang II were eluted with a mixture of
methanol:distilled water:trifluoroacetic acid (TFA) (80:
19.9:0.1, vol ratio). The eluate was evaporated to
dryness in a vacuum centrifuge and resuspended in 0.1
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P<0.01). These parameters in the Irbesartan-treated
group were decreased significantly when compared to
the operated group (P<0.05, P<0.01), but there were no
significant difference between CGP42112A-treated and
operated group (P>0.05).

Change of Ang II Content in Myocardium
(Table 1)

Ang II content in the operated group was
significantly more than that in the controls (P<0.01).
Compared with the operated group, Ang II content
decreased obviously by administration of Irbesartan
(P<0.01), but was not influenced by treament of
CGP42112A (P>0.05).

Correlated Analysis between LVMI and Ang II
Content

There was a significant positive correlation
between LVMI and Ang II content (r=0.8066, P<0.01).

Measurment of ATRs in Myocardium
The scatchard plot analysis showed a single class

of high-affinity Ang II binding sites in both operated
group and control group, without significant difference
in kd between them (0.93±0.17 vs 1.08±0.22 nM;
P>0.05). However, The present study demonstrated that
there was a significantly higher Bmax in LV tissue in
the operated group than in the controls (34.13±3.25 vs
15.95±2.15 fmol/mg.pro; P<0.01). Competitive
inhibition and crossover inhibition experiments
indicated that AT1R and AT2R in the control group

accounted for 51.18% and 45.15% Ang II binding sites
respectively. In the operated group, they were 46.78%
and 52.18%, respectively. There was no significant
difference in the proportional binding site between the
above two groups (P>0.05).

Ang II, Losartan and CGP42112A inhibited
competivily the binding of 125I-Ang II with ATR.
Compared with controls, IC50 and ki in the operated
group had no significant difference (P>0.05). (Table 2)

Discussion

The present study demonstrates the presence of
specific high affinity, low binding capacity sites for Ang
II receptor in rats in the left ventricular myocardium in
the controls, and the presence of almost equal
proportions of AT1R and AT2R. These findings were in
accordance with that found by Schi et al,4 where by
autoradiography it was determined that AT1R and AT2R
each accounted for ~50% of specific binding in normal
rat hearts. At 10th week after operating, the Bmax of
ATRs in the operated group was two times higher than
that in the controls. However, there is no difference in
ki and ratio of AT1R to AT2R between hypertrophied
and control hearts, similar to the findings of Suzuki et
al5 and Fujii et al.6 The former have reported AT1R
mRNA underwent upregulation during the development
of cardiac hypertrophy in both spontaneous and
renovascular hypertensive rats. The latter revealed that
AT1R and AT2R were upregulated at the protein level in

Table 1. Changes of LVW, LVMI, ID and Ang II content (n=12, mean±SD)
LVW (mg) LVMI (mg/g) D (µm) Ang II (pg/g)

Control 777.88±124.38 2.27±0.18 9.85±1.08 126.50±2.33
Operated 1122.38±229.20* 3.15±0.59** 16.59±0.60** 252.90±4.03**
Irbesartan 790.25±109.14 2.34±0.19 11.27±0.18 132.70±2.02
CGP42112A 1079.63±242.88* 3.09±0.78* 15.97±0.77** 261.90±4.87**
vs control * P<0.05 ** P<0.01; vs operated £GP<0.05 £G£GP<0.01

Table 2. IC50 and ki of non-labled ligand binding competivily with 125I-Ang II (n=4, nmol/L, mean±SD)
Ang II Losartan CGP42112A

IC50 ki IC50 ki IC50 ki
Control 3.85±0.75 0.68±0.16 5.40±1.79 0.92±0.19 82.01±6.45 14.40±2.47
Operated 3.58±0.56 0.56±0.15 5.16±2.06 0.88±0.44 82.24±10.06 12.58±1.12
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Tsukubia hypertensive mice model, and the presence of
nearly equal proportion of these Ang II receptor subtypes
in membrane of heart ventricles. In contrast, Lopez et
al7 indicated that AT1R was downregulated at least at
the protein level in the rat heart with chronic pressure-
overload hypertrophy created by ascending aortic
banding, and AT2R is the major ATR subtype in
hypertrophied heart. The reason for this discrepancy is
not clear but it may be related to the difference in rat
model, degree of hypertrophy and experimental conditions.

Our results showed that LVW, LVMI, ID and
Ang II content in the operated group increased
significantly. there was a positive correlation between
LVMI and Ang II content, and binding capacity of ATR
was increased. These suggest that increasing the binding
of Ang II to ATRs maybe a mechanism of inducing
LVH. It has been clearly demonstrated in the present
study that LVW, LVMI, ID and Ang II content were
reduced significantly by Irbesartan administration, but
were not influenced by CGP42112A treatment. It infers
that LVH induced by Ang II is mainly due to the AT1R
pathway. Although the exact mechanism remains
unsettled, some studies indicated that the signal
tranducing mechanism of AT1R is mediated via: (1)
Activation of phosphoinositide system; (2) Activation
of mitogen activated protein kinase (MAPK) linkage;
(3) activation of Janus kinase-signal transducer and
activators of transcription (JAK-STAT) pathway;8 (4)
Expression of proto-oncogene. They act and influence
each other, promoting transcripting of RNA and
synthesis of protein in cardiocytes.

There is lack of the data on physiological
implication of AT2R. Some evidence supports AT2R is
abundantly and widely expressed in embryonic and fetal
heart, but gradually decrease with development and
growth. It suggests that expression of AT2R is related
to development of the heart.9 Recently, the growth
inhibitory action of AT2R has been demonstrated that it
can antagonize the growth promoting effects of AT1R.
Furthermore, it is suggested that AT2R mediates growth
inhibition,which is one of the mechanisms mediating

apoptosis.10,11 It is possible that AT2R is involved in the
development of LVH. However, our results indicate that
although pathological hypertrophied myocardium
posses some features of fetal heart, such as upregulation
of AT2R, AT2R antagonist CGP42112A has no effect
on LVH. This suggests that AT2R has no significant
role in mediating LVH. It is concluded that the action
of AT2R is different not only between fetal and adult
heart but between fetal and diseased heart.
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