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Abstract

The objective was to investigate the role of aregiein Il type 2 receptor
during electrophysiological remodeling of left vectlar hypertrophic
myocardium in spontaneously hypertensive rats (SHRjotal of 36
10-week-old male SHR were divided into 3 groupsitam, valsartan and
valsartan+PD123319 groups (n=12 in each). The kydilmod pressure,
left ventricular mass index (LVMI), ventricular efftive refractory period,
and ventricular fibrillation threshold (VFT) werdsa measured after
eight weeks. At the same timg,l lca, llo @nd membrane capacitance
were measured in left ventricular myocytes by wiudl patch-clamp.
The VFT of valsartan was higher than that of cdn{k@lsartan vs.
control: 17.4-0.6mA vs. 15.80.5mA, P<0.05). The VFT of valsartan
was higher than that of valsartan+PD123319 (valsartvs.
valsartan+PD123319: (17#40.6mA vs. 16.6-0.9mA, P<0.05). The
density of {, of valsartan was higher than that of control (aekmn vs.
control: 14. 74 0.42pA/pF vs. 11.20.15pA/pF, P<0.05). The density of
I, Of valsartan was higher than that of valsartan+E319 (valsartan vs.
valsartan+PD123319: 14470.42pA/pF vs. 13.6-0.30pA/pF, P<0.05).
The density ofd,_ of valsartan was lower than that of control (velksa
vs. control: -4.6:0.2pA/pF vs. -6.90.1pA/pF, P<0.05). The density of
lca Of valsartan was lower than that of valsartan+FE31® (valsartan vs.

valsartan+PD123319: -4 0.2pA/pF vs. -5.4t 0.1pA/pF, P<0.05).



These results demonstrated that the stimulatioangiotensin Il type 2
receptor improved electrophysiological remodeling l&ft ventricular

hypertrophic myocardium in SHR.
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Introduction

Cardiac hypertrophy was an adaptive process agatrstased work
loads, however, hypertrophy also presented substrdbr lethal
ventricular arrhythmias, resulting in sudden arnyic deaths that
accounted for about one third of deaths in carbigzertrophy* Previous
experimental data suggest that the alteration fivigcof K* channels,
particularly transient outward potassium currenyd),(lassociated with
cardiac hypertrophy was a major cause of -electrsiplogical
remodeling and arrhythmogenefty.Angiotensin Il was a key signal for
myocyte hypertroph§, at the same time, Angiotensin Il exerted
pro-arrhythmic effects by several mechanisms, oholg the modulation
of voltage-dependent K channels involved in human cardiac
repolarizatior’. Angiotensin 1l binded to angiotensin Il subtypeeteptor
(AT1R) and angiotensin Il subtype-2 receptor (AT2Rdst of the known
pathophysiologic effects of Angiotensin Il were rised by AT1R In
studies, AT1R blockade prevented the development ngfocyte
hypertrophy and improved the electrophysiologica@imodeling of
hypertrophied myocardiufh® *°1t had been well documented that AT2R
activation counteracted most effects of ATLR? However, the effect of
AT2R on electrophysiological remodelling of hypephied myocardium
was not fully elucidated.

To this aim, we studied cell capacitance, membrameents (|,



lca. and }) and ventricular fibrillation threshold of hyperphied
myocardium from the heart of 10-week-old SHR afteiveek of

treatment with valsartan or valsartan+PD123319.

M ethods

Experimental animals

All animal experiments were performed in accordandgéh ethical
principles of Declaration of Helsinki. Spontanegublypertensive rats
(SHR) aged 10-weeks (weight; ~200g) were purch&sed Vital River
Experimental Animal Technology (Beijing, China). #otal of 36
10-week-old male SHRs were randomly divided inte dontrol group
(non-treatment), valsartan and valsartan+PD1233b8pg(n=12). The
valsartan group received valsartan (gift from Bw@ji Novis
Pharmaceutical Co., Ltd.) 20 mg/kg/d orally. Thdesagan+PD123319
group received valsartan 20 mg/kg/d and PD123319chwhwas
purchased from Selleck Chemicals (Houston, TX, USA) mg/kg/d
orally. Rats were fed at the Sun Yat-sen UniversityMedical Sciences
Animal Center for 8 weeks.

Measurement of blood pressure

The tail artery systolic pressure was measuredguairRBP-1 rat tail
blood pressure meter (obtained from the China-J&pi@mndship Hospital)

during awake and quiet conditions. Measurementse wepeated three



times, and the mean of three measurements wasiestor

Measurement of ventricular effective refractory period (VERP) and
ventricular fibrillation threshold (VFT)

Rats were anesthetized with urethane (120 mg/1@aty bveight) via
intraperitoneal injection. A tracheostomy was tipenformed, and the rat
was placed on a servo-controlled heating table tintain body
temperature at 3Z. The rat was connected to and ventilated by alsmal
animal ventilator at a tidal volume of 1.7-2.5mkpa&nding on body
weight, and at a frequency of 60 breaths/min. Ebeetrdiogram signals
were amplified and recorded on a multiple channafysiological
recorder. After thoracotomy, two fishhook-like dlecles were placed in
the apex of the left ventricle and connected toag@am stimulator (type
5352, Medtronic Company, Colorado, USA), isolat&trmulator (type
DSJ731-G-A), and a physiological stimulator (typ8J331-2C-A).

The VERP was measured using extra-stimuli delivared0 ms
decrements (). The VERP was the longestS interval that failed to
cause ventricular depolarization.

The heart was paced by a pacemaker at 500 bpmrididat
fibrillation was invoked by ultra-rapid strand stitation (10 stimuli,
pulse width, 4 ms, 100Hz; delay, 60 ms). The ihtiarent intensity was
5 mA. The current was increased in 0.5 mA incresmefhe VFT was

recorded as the lowest current intensity invokiegtvicular fibrillation.



Measurement of |eft ventricular mass index

After VFT testing, the rats were killed and theealts removed. Total
heart mass and left ventricular mass were recordiad. ratio of left
ventricular mass to body mass was used to calcthatdeft ventricular
mass index (LVMI) (mg-9).

I solation of ventricular myocytes

Each heart was quickly excised and mounted on gerattorff apparatus.
Left ventricular myocytes were isolated according the method
described by Isenberg and KlécknérThe aorta was retrogradely
cannulated and perfused with nominally“Claee modified Tyrode’s
solution at 37°C for 5 minutes. Perfusion pressure was 75 mmHg, and
all solutions were equilibrated with 100% oxygenerfBsion was
continued for another 15 minutes with 20 ml of Hame solution plus
collagenase (type CLS Il, 200 U/ml; Biochrom KGrBe Germany) and
protease (type XIV, 0.7 U/ml; Sigma, USA), and tkelution was
recirculated. Finally, the heart was perfused witlodified Tyrode's
solution containing 100 M &afor another 5 minutes.

After perfusion, the left ventricular free wall wasparated from the
rest of the heart. As there are known differenndg magnitude between
basal and apical regions of the left ventricleare was taken to isolate
epicardial myocytes from the central portion of te& ventricular free

wall. Epicardial tissue pieces were carefully ditsd from the left



ventricular free wall with fine forceps, and thegqes were placed in cups.
To further disaggregate the tissue pieces, theye vgemtly shaken at
37 C, filtered through cotton mesh, and allowed tolsdtr 30 minutes.
Cells were stored at room temperature in modifigdode’s solution
containing 100 uM C& Only single rod-shaped cells with clear
cross-striations and no spontaneous contractione wased for
experiments.

Electrophysiological recordings

Whole-cell currents were recorded using an Axop&0BA amplifier
(Axon Instruments, Foster City, CA, USA). Cell capance C., pF)
was calculated by integrating the area under ammpensated capacity
transient elicited by a 10 mV depolarizing pulsenira holding potential
of 80 mV. Whole-cell currents were low-pass filegtrat 1 kHz and
digitized at 5 kHz via a Digidata 1200 A/D convertaxon Instruments)
interface for off-line analysis. Data were analyzessihg custom-written
software.

Ina Was measured at Z1 in an extracellular solution containing (in
mmol/L): NaCl 5.0, Choline-Cl 130.0, CsC 15.4, HE®HO0.0, MgC{
6H,0 1.0, NaHPQ, 5.0, CaC] 1.0, Glucose KO 10, Nicardipine 0.001,
at pH 7.4. The intracellular solution contained rfimol/L): CsC 120.0,
CsF 110.0, NaCl 5.0, HEPES 5.0, EGTA 5.0, Mg&H,O 1.0, Na-ATP

5.0, at pH 7.2.J, was elicited from a holding potential of -100 mY b



voltage steps of 100 ms from -80 mV to 50 mV inmM@ increments at
0.5 Hz.

lca Was measured at Z1 in an extracellular solution containing (in
mmol/L): TEA-CI 50.0, MgC} 6H,0 0.5, CaCGl 1.8, 4AP 3.0, HEPES 5.0,
pH 7.4. The intracellular solution contained (in oWfh): CsCI 100.0,
TEA-CI 20.0, Na-ATP 5.0, HEPES 10.0, EGTA 10.0, pH 7.2 lwas
elicited from a holding potential of -80 mV by vaidfe steps of 300 ms
from -80 mV to 50 mV in 10 mV increments at 0.2 Hz.

l,, was measured at Z1 in an extracellular solution containing (in
mmol/L) NaCl 136, KCI 5.4, Nap{PO, 0.33, MgC} 6H,0 1.0, Cad 2,
BaClL 0.5, CdC} 0.3, HEPES 10, and glucose 10, pH 7.4. The
intracellular solution contained (in mmol/L) KClI @4MgCh 1, EGTA 5,
HEPES 10, and NATP 5, pH 7.2. 4 was elicited from a holding
potential of -80 mV by voltage steps of 150 ms fré&fd mV to 60 mV in
10 mV increments every 6s. Standard pulse protogele used to assay
the biophysical properties af.|
Satistics
Results are expressed as mean+SD. Statistical sasalyere performed
using SPSS 10.0 (SPSS, Chicago, IL, USA). Diffeesnbetween the
mean values of multiple subgroups were evaluatedANDVA, and
intergroup comparisons were performed usingests with ANOVA

(Bonferroni method). Statistical significance wasepted at P<0.05.



Results

Comyparison of systolic blood pressure and left ventricular mass index

The LVMI was significantly lower in the valsartamogp compared with
the control group (3.28+0.13mg/g vs. 3.61+0.17mgRy0.05). In
addition, the LVMI was lower in the valsartan grocmmpared with the
valsartan+PD123319 group (3.28+0.13mg/g vs. 3.4/kfAg/g, P<0.05).

(Table 1)

Comparison of VERP and VFT in rats

The VFT was significantly higher in the valsartamuyps compared with
the control group (17.4+0.6mA vs. 15.8+0.5mA, P40.0rhe VFT was
higher in the valsartan group compared with thesarddn+PD123319

group (17.4£0.620.65mA vs. 16.6£0.9mA, P<0.05) b(éz2).

lonic channelsin the left ventricular myocardium

The membrane capacitance of the control group vggsfisantly larger
compared with the valsartan group (272.5£3.7pF 188.5+5.6pF,
P<0.05). In addition, the membrane capacitance dife t
valsartan+PD123319 group was larger compared Wwétvalsartan group
(224.3+4.9pF vs. 198.51+5.6pF, P<0.05). The densitylc, in the
valsrtan group was lower compared with the congmup (-4.6+

0.2pA/pF vs. -6.91£0.1pA/pF, P<0.05). The densityQf in the valsartan



group was lower compared with the valsartan+PD1933froup
(-4.6+0.2pA/pF vs. -5.4 0.1pA/pF, P<0.05). Finally, the density gfih
the valsartan group was significantly higher comegawith the control
group (14.7+0.42pA/pF vs. 11.2+0.15pA/pF, P<0.08)e density of 4
in the valsartan group was higher compared withvidsrtan+PD123319
group (14.7+0.42pA/pF vs. 13.6x£0.30pA/pF, P<0.Q%able 3, Figures 1,

2, and 3).

Discussion

The main and novel finding of this study was tha stimulation of
angiotensin Il type-2 (AT2R) receptor not only iroped

electrophysiological remodeling of left ventriculahypertrophic

myocardium in SHR, but also reserved the cardiad aellular

hypertrophy. To our knowledge, this was the firstndnstration that the
AT2R had effect on the electrophysiological chasastic in

hypertrophied myocardium.

Angiotensin Il binded two distinct renin—angiotensisystem
receptors, the angiotensin type-1 receptor (AT1R] the angiotensin
type-2 (AT2R) receptor, both AT1R and AT2R possessmilar affinity
for angiotensin If° The AT2R was highly expressed in foetal tissué, bu
levels declined rapidly after birth. In adults, A %vas expressed in many

tissues including heart, kidney, adrenal glandjnpraterus and both



endothelial and vascular smooth muscle cells an2RAExpression was
increased in cardiovascular relevant tissues idicaascular disease.
previous studies indicated that the AT2R expressias increased in
hypertrophic myocardium in SHR.* Angiotensin Il plasma levels were
increased with valsartan treatment (6-fold) in SFIRaken together,
the simulation of AT2R can be achieved during vadsatreatment in
SHR, which was served as the simulation of AT2RugroThe
combination group of valsartan and PD123319, onAT@R antagonist,
was served as the blocking of AT2R group.

Findings from the present study demonstrated timatniechanism
associated with the regression of electrophysicklgremodeling of
hypertrophic myocardium during valsartan treatmean partially be
accounted for by the actions of angiotensin Il ragtat the AT2R. In
valsartan group, the ventricular fibrillation thine¢d (VFT) and transient
outward potassium currentyjl were significantly increased compared
with control group, at the same time, the L typkeican current (¢,) was
significantly decreased. In the treatment of corabham of valsartan and
PD123319, one of AT2R antagonist, the VFT apdwere decreased
compared with valsartan group, at the same tinee)gh was increased,
however, the VFT and,lwere increased compared with control group, at
the same time, theJwas decreased. In conclusion, blocking of AT1R

can improve the electrophysiological characteristtbich was same as



the previous studie$,'® and activation of AT2R can further improve the
electrophysiological characteristic, however, blagk of AT2R can
worsen the electrophysiological characteristic. olo knowledge, this
was the first study to examine the effect of AT2Rh dhe
electrophysiological remodelling of hypertrophiedyaoardium and
reversal of abnormal ventricular electrophysioldgyh in vivo and at the
cellular level. The present findings supported that AT2R stimulation
counteracted the AT1R-mediated action in electreiggical
remodeling of hypertrophied myocardium.

The left ventricular hypertrophy (LVH) was a stgomdependent
predictor of cardiovascular morbidity and mortalitv’H increase the
propensity to develop life threatening arrhythmiBise VFT was used as
an index of vulnerability to ventricular fibrillan. A lower VFT indicated
easier induction of ventricular fibrillatiof. In this study, VFT was
increased by the activation of AT2R. A low Was likely to be the ionic
mechanism responsible for the prolongation of tléioa potential
duration. As the decrease ip Wwas dishomogeneous, it may cause
dispersion of repolarization, which was in itsetfhgthmogenic' The
lower |, in ventricular myocytes in disease states asstiatith an
increased propensity for ventricular arrhythnffadn this study, the
density of |, was increased by the activation of AT2R. The dgri .

was increased in hypertrophied myocytes, whichltegun increases in



[Ca’"];. C&*-dependent signal pathways were likely activateichy led
to decreasing of#In this study, the density ofJ, was decreased by
the activation of AT2R, which may led to decreases[C&']; and
weakening of the activity of Gadependent signal pathways.

The systolic blood pressure had no change betwaksartan group
and valsartan+PD123319 group, which indicated thatAT2R had no
effect on the systolic blood pressure. This wasesa® the previous
studiest® ** " However, the VFT andclwere higher, at the same time,
the LVMI, membrane capacitance, one of reliableapaaters of cellular

);), 21,23, 24
1)

hypertroph and k, were lower in the valsartan group compared
with the valsartan+PD123319 group. Taken togethbe results
suggested that the AT2R had effect on improvingtedehysiological
remodeling and reserving the cardiac and cellwaehrophy.

In summary, the activation of AT2R improved hypeptny of the
left ventricle, elevated the VFT, increasegddénsity and decreaseg,l
density in hypertrophied myocytes. Our findings icate that the

activation of AT2R improved the electrophysiolodiczharacteristics

associated with hypertrophy of the left ventricle.

Limitation
The ECG changes, systolic and/or diastolic functmeurring in the

hypertrophied heart may contribute to understandirey effect of the



activation of AT2R.
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Table 1 Comparison of SBP and LVMI between thedigs

Group n SBP(mmHQ) N LVMI(mg/g)
Control 12 166+3.67 8 3.61+0.17
Valsartan 12 156+3.77 8 3.28+0.13
Valsartan+PD123319 12 158+4%79 8 3.47+0.1%

SBP: systolic blood pressure; LVMI: left ventriculmass index; n: number of annimals; N:
number of heart.
dCompared with the control group, P<0.8@ompared with the Valsartan group, P<0.01.

Table 2 Comparison of VERP and VFT between theoBs

Group N VERP (ms) VFT (mA)
Control 8 62.9+1.6 15.8+0.5
Valsartan 8 63.242.3 17.4+0%
Valsartan+PD123319 8 63.4+1.9 16.6+0%

VERP: ventricular effective refractory period; VRntricular fibrillation threshold;
N: number of heart.
®Compared with the control group, P<0.85ompared with the Valsartan group, P<0.05.

Table 3 Comparison of the ionic channels in thevehtricular myocardium between the 3
groups (n=8 / N=4).

Group Cm (PF) ka(PAIPF)  a(pA/pF) ko (PA/PF)
Control 272.5+3.7 -6.9+0.1 -16.7+0.2 11.2+0.15
Valsartan 198.5+5.6 -4.6+0.2 -16.9+0.5 14.7+0.42
valsartan+PD123319  224.3+4.9" 5.4+0. P -16.8+0.4 13.6+0.38

Cn: cell capacitance; n: number of myocytes; N: nundideart.
%Compared with the control group, P<0.&Iompared with the Valsartan group, P<0.01.
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Figure 3. The change of L type cakim cument (Ico,) 1 3 group rats. Typicalrecordihgs of Iea
h cells fiom contwl @) valartan b) and valsartan+PD 123319 (c). X axis: tine (ns:
m hisecond) ;Y axis: currentvolime (A). The voltage clam p protocol is shown i panel d.
Panel e: average IV rehtionships of ka density (h pA oF) as a functon of step potental (n
m V), obtaned 1 control (M, valsartan () and valsartan+PD 123319 ).
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Figure 1. The change of sodiim current () 11 3 group rats. Typical recordgs of Iva 1 cells
from control (a) valsartan (b) and valsartan+PD 123319 (c). X axis: tine (m s:m hisecond) ;Y
axis: currentvolm e (A). The voltage clam p protocol is shown 1 panel d. Panel e: average
IV rehtionships of k. density (h pA pF) as a function of step potentil (h m V), obtained n
control (M, valsartan (O) and valsartan+PD 123319 (V).
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Figure 2. The change of transient outw ard current (I,) i 3 group rats. Typical recordngs of Ii,
h cells from contwol (@) valartan () and valsartan+PD 123319 (c). X axis: tme (@ s:
m iisecond) ;Y axis: cumrentvolum e (A). The voltage clm p protocol is shown i panel d.
Panel e: average IV rehtionships of Ito density (h pA /F) as a function of step potential (n
mV), obtained n contol (M, valsartan ((CJ and valsartan+PD 123319 V).
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Figure 3. The change of L type cakim current (Ica.) 1 3 group rats. Typicalrecordgs of Ioar
n cells from contwol (@) valartan (b) and valsartan+PD 123319 (). X axis: tine (ms:
m hisecond) ;Y axis: currentvolim e (pA). The voltage clam p protocol is shown 1 panel d.
Panel e: average IV rehtionships of ko density (ih pA /F) as a functon of step potential (n
m V), obtaned 1 control (M, valsartan (O) and valsartan+PD 123319 V).
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Highlights

The activation of angiotensin Il type-2 receptor (AT2R) improved the density of
lto-

The stimulation AT2R decreased the density of Icy .

The stimulation of AT2R reduced the | eft ventricular mass index.

The stimulation of AT2R decreased the membrane capacitance of cardiomyocyte.
The stimulation of AT2R improved the ventricular fibrillation threshold.



