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Combined renin-angiotensin system blockade and
dietary sodium restriction impairs cardiomyocyte

contractility

Petcharat Trongtorsak,* Trefor O Morgan, Lea MD Delbridge

Abstract

Introduction

Blockade of the renin-angiotensin system (RAS) by
combined angiotensin-converting enzyme inhibitor
and angiotensin type 1 receptor (AT) antagonist
treatment with reduced dietary sodium intake
produces suppression of cardiac growth and regression
of cardiac hypertrophy. The purpose of this study was
to investigate whether cardiac growth suppression by
combined RAS blockade under conditions of dietary
sodium restriction is associated with cardiomyocyte
atrophy and contractile dysfunction and whether this
intervention modifies cardiomyocyte inotropic
responsiveness to angiotensin II (Ang II).

Methods

Rats were fed a high (4% w/w) or low (8,20 Ww/w)
NaCl diet for six days. Both groupsévere then given &
combined intraperitoneal injection of\perindopFit

(6 mg/kg/day) and losartan (10N\gzg/kg/day)\with
maintained dietary treatmer(t fo5 dnother Seyveis days.
At the end of the treatmean, pes#0d, animals were
anaesthetised and their héasts were résgeved and
weighed. Left venuteular Cardigmyucyses were isolated
by enzymatic disSqglation and‘sell Himensions were
evaluated. A lineScdn cam¢ra apd/digital imaging
technique/vertased to@syess-eardiomyocyte
contraction apd inowOpiéyresponses to exogenous

Ang T1 (107 to 10 VB,

Results

Dietary treatment alone had no effect on body
growth, whereas combined RAS blockade suppressed
somatic growth in the low sodium (LS) group,
compared with the high sodium (HS) group. This
growth suppression in the LS group was also evident
in the heart at the organ and cellular level. Studies of
cardiomyocyte contraction showed that myocytes
from the LS group exhibited contractile instability and
depression of contractile performance. Compared with
the HS group, myocytes from the LS group showed a
significant reduction in maximum cell shortening
(6.40+0.17 vs. 7.32+0.16% resting length, p<0.05),
and maximum rate of shortening (3.85+0.14 vs.
4.29+0.11 cell length/ms, p<0.05). Myocytes of the
HS group exhibited negative inotropic responses to
Ang II at all concentrations tested, with a significant
reduction in maximum cell shortening by 11-16%
after 12 minutes peptide exposure (p<0.05 vs. non-
treated control). In comparison, Ang II elicited both

positive and negative responses in myocytes from the
LS group, with a predominant negative inotropic
effect.

Conclusions

This study, provides evidence that combined RAS
blockade txeatn¥ént under restricted sodium intake
conditiohs c&nh impaiy cakdiomyocyte contractile
fundpiohin assgeratfon Wwith cardiomyocyte growth
sippiestion. Chieni¢ RAS blockade qualitatively alters
theNintrins{C fnderopic status and responsiveness of
ventriculancapdiomyocytes, and this shift is further
modwlared\by dietary sodium intake conditions.

intvoduction

Lhe renin-angiotensin system (RAS) is implicated
in the pathophysiology of cardiovascular diseases,
such as hypertension, cardiac hypertrophy, and
heart failure.' The beneficial effects of RAS sup-
pression by treatment with either angiotensin II
converting enzyme (ACE) inhibitors or
angiotensin type 1 receptor (AT;) antagonist in
cardiovascular disorders have been extensively
demonstrated.”®> ACE inhibitors (ACE-D) and AT,
antagonists have been widely used in the treat-
ment of hypertension.® These pharmacological
agents have also been shown to regress cardiac
hypertrophy and to reduce the extent of cardiac
contractile dysfunction in experimental heart
failure.>’

The observation that chronic administration of
ACETs to hypertensive patients leads to a lesser
degree of angiotensin II (Ang II) suppression, sug-
gests a partial escape of ACE inhibition with long-
term treatment.” Clinical and experimental studies
have found that long-term treatment with ACE-Is is
associated with an increase in plasma renin activ-
ity and plasma angiotensin I (Ang D) levels.*®
Under these circumstances, Ang II formation by
enzymatic processes other than ACE, such as
chymase,'” may become important. AT} antagonist
treatment is also observed to produce an increase
in plasma Ang II levels,** which may partially over-
ride the blockade at receptor sites.Therefore, com-
plete blockade of the RAS is unlikely to be
achieved by monotherapy with either agent.
Experimentally, dual target treatment using com-
bined ACE-T with AT; antagonism, has been shown
to produce more effective inhibition of the RAS.’
Moreover, combined administration of an ACE-I
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and AT; antagonist is more effective than either
agent alone in the treatment of hypertension,
cardiac hypertrophy, and heart failure.>*'"" Thus,
the combination of ACE-I with AT; antagonism is a
promising therapeutic approach for cardiac and
vascular disorders.

The RAS is also important in sodium home-
ostasis, and variation in sodium intake can modify
the operation of this system. Low sodium intake
activates renin secretion, whereas high sodium
intake suppresses enzyme secretion.'>® In Ang II-
induced cardiac hypertrophy, salt loading can
further increase heart size, indicating that sodium
intake and Ang II exert additive effects on cardiac
growth." There is clinical and experimental evi-
dence that high sodium intake overcomes the
blocking effects of ACE- in lowering blood pres-
sure and regressing cardiac hypertrophy.'>*
Therefore, sodium intake is a determinant of the
efficacy of RAS suppression. The means by which
sodium intake modulates the blockade of RAS is
not well understood.

Recent studies have focused on the influence
of sodium intake and combined RAS blockade on
cardiac growth. Griffiths et al."” showed that the
combination of an ACE-I and AT; antagonist with
low sodium intake caused a reduction in heart
weight in normotensive rats, and that this effect
was reversed by high sodium intake. Mogreovef, in
hypertensive rats this co-treatment elicited 2 more
pronounced antihypertrophic effect ig/asodium-
depleted state, but not in sodium Yoading.'™\It
seems that sodium depletion/may amplify\fire
effect of RAS blockade on cardigg growth.Theie s,
however, no information zZbotit how fAis\giahipu-
lation may affect cardiac junction. Thus, we
hypothesised that cfloric RAS, hlockade with
sodium depletion may cause, arhy alteration in
cardiac functiomssOciated¢with ‘growth suppres-
sion, which pray e moduiated Dy salt loading.

The purpose) of this\study was to assess the
functiondl characteristics~of cardiomyocytes from
normotensive raps tweated in vivo with both an
ACE-I and an AT h\dntagonist, together with either
high or low sogiunmi intake. It has been previously
established that* physiological concentrations of
Ang II exert a positive inotropic effect on car-
diomyocytes," suggesting a role for this endoge-
nous mediator in the regulation of normal cardiac
contractility. Thus, we evaluated the additional
hypothesis that chronic combined RAS blockade
with contrasting dietary sodium regimes is able to
alter cardiomyocyte inotropic responses to Ang II.
Basal and Ang II-stimulated cardiomyocyte con-
tractile function was assessed using enzymatically-
dissociated single left ventricular cardiomyocytes.

Materials and methods

Animals and treatments

Experiments were conducted following the rec-
ommendations of the Australian Code of Practice
for the Care and Use of Animals Scientific
Purposes and with the approval of the University
of Melbourne Animal Experimentation Ethics
Committee. Male Sprague-Dawley rats aged 10-11

weeks old were obtained from the Biological
Research Facility at the University of Melbourne.
The animals were divided into two groups to
receive different diet and drug regimens. One
group of rats received a high sodium diet (4%
w/w) and the other was given a low sodium diet
(0.2% w/w). Both diets were prepared identically
as previously described.”* Animals were allowed
to establish feeding on each diet for six days, then
both groups were given RAS blockade treatment
by combining intraperitoneal (i.p.) injection of an
ACE-I (perindopril 6 mg/kg/day) and an AT, antag-
onist (losartan 10 mg/kg/day). All rats were main-
tained on the diet with drug treatment for eight
days, and body weight was determined daily
before drug injection.At the end of the treatments,
the animals were anaesthetised by i.p. injection of
pentobarbitone sodium, 60 mg/kg, (Rhone
Merieux). The hearts were removed and weighed
before prepdrasion of cardiomyocytes.

Cardiginyagyte isolation and dimension
measturement

Left oentriculdg_casdiomyocytes were isolated by
am\enzymasic\dissociation procedure as described
previously¥ Jn brief, the isolated hearts were
immedigtely mounted on a Langendorff apparatus
ang-retrogradely perfused through the aorta with
higarhonate-buffered Krebs solution at 37°C.
Jhen, collagenase type 2 (Worthington) was
added to the final recycling perfusate to achieve
0.5 mg/ml. The left ventricles were minced and
the tissue fragments incubated in the same enzy-
matic buffer for 20 minutes. Dissociated myocytes
were filtered, washed and re-suspended in HEPES
buffered solution containing trypsin inhibitor
(Type 1-S from soybean; Sigma). An aliquot of
myocyte suspension was added to a glass-base
chamber mounted on the stage of an inverted
microscope, and the myocytes were allowed
to settle and adhere to the bottom of the chamber.
An eyepiece graticule was used to measure the
length and width of randomly selected myocytes
(50-100 cells per heart) with clear striation and
rod-shaped morphology. The eyepiece graticule
was calibrated using a stage grati-cule viewed
with a x40 objective. Mean cell length and width
were calculated for each animal and treated as a
single observation for comparison between
groups.

Measurement of cardiomyocyte contraction
After dimension measurement was completed,
myocytes were superfused with oxygenated
HEPES buffer of the following composition (mM):
118 NaCl, 4.8 KCl, 1.2 MgSOy, 1.2 KH,POy, 25.0
Na-HEPES, 11.0 glucose and 1.0 CaCl, with a final
pH of 7.4. The cell superfusion system, as
described previously,” maintained the chamber
temperature at 36+0.5°C and the flow rate of the
superfusate at 2 ml/minute. Cells were paced to
contract at 3 Hz using field electrode stimulation.
Cardiomyocyte contraction was determined by
measurement of changes in cell length, using a
line scan camera and digital imaging system, as
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described previously.*"* The system allowed cell
length scanning every 1.088 ms during each con-
traction, with scanning synchronised to com-
mence with the stimulus delivery to the cell. The
cell length changes during each contractile cycle
were analysed by custom-designed software to
obtain a number of contractile parameters. The
following contractile parameters were defined.
Maximum of cell shortening (%S) was expressed
as a percentage of change in cell length relative to
diastolic cell length (Iy).Time at maximum short-
ening (Ty) was the time at which %S was
obtained. The excitation-contraction latency and
contractile cycle time were designated Ty and Tg
respectively. Maximum rate of cell shortening
(MRS) and lengthening (MRL) were calculated as
rate of cell length changes during shortening and
lengthening. The times at which MRS and MRL
were recorded were designated Tygrs and Tyge
respectively.

Evaluation of basal contraction and

inotropic responses

Cardiomyocytes were superfused with HEPES
buffer containing 0.25% bovine-serum albumin
(BSA; Sigma) for 3-5 minutes to achieve steady
state. Data acquisition was monitored and bgSal
contraction was recorded for 3 minutes.The gnean
basal contractile parameters of cardiomyogytes
from rats treated with high or low sodiupi~with
RAS blockade were calculated and\gcempared.
After the basal contraction from edgh® myocyte
was determined, myocytes weré\then ‘expased o
a single concentration of Ang A for 12 minutes.
The responses to Ang I/Avete evaludted over a
concentration range of W0':10° M. A\ separate
group of myocytes Wids superfused with HEPES
buffer plus BSA vehicleé\as a time control. A total of
65 cells was allgsated to expéxitiiental groups as
follows: Contral \HS, n=8;1$52=8); Ang II 10* M
(HS, n=8; L.S \n=8); AngJIN\10°)M (HS, n=9; LS, n=8);
Ang II 10" M (HS, ax5~LS, n=8). The contractile
parameters-fromycagn Cell were averaged during
the test period. at/l-minute intervals. The average
parameter vamcs<from each interval were then
expressed as a percentage of the average value of
basal contraction for each cell to obtain nor-
malised parameter values. Mean averaged nor-
malised contractile parameter values were calcu-
lated for each experimental group.

Statistics

All data are presented as mean + standard error of
mean (SEM). Comparison between two groups
was made by unpaired Student’s #-test. Multiple
comparisons between groups were performed
using one-way ANOVA, with post-hoc analysis by
Tukey HSD as applicable. A value of p<0.05 was
considered significant.

Results

Animal growth and heart growth

At the commencement of HS and LS diet treat-
ments, the animal body weights were comparable
(35949 ws. 360+10 @), and the extent of weight

Figure 1 Percentage weight gain of rats on high sodium
(HS) or low sodium (LS) diet, comparing initial weight vs.
weight at day 6, and on dietary treatment with combined
RAS blockade (RASB), comparing weight at day 6 vs. day
14. (HS, n=18; LS, n=18; HS+RASB, n=18, LS+RASB, n=18
animals). *p<0.05 vs. HS+RASB.

Weight gain (%)

HS LS HS+ LS+
RASB RASB

gain décginghe inftial\ six-day dietary treatments
werg, alsor simildr fO0s/the two groups, averaging
aboutN\6.5% OwerNhis period (Figure 1). These
wbsefvations \conifirm that HS and LS diet treat-
ments _aléQe) do not differentially influence
somatic)grewth. When the pharmacological RAS
blgcisade treatments were superimposed on the
digtary treatments, a marked difference in the
grewth rate of the LS treatment group was
evident. Over treatment days 7-14, a very modest
body weight increase of slightly over 1% (relative
to pre-drug treatment weight) was recorded for
the LS group, whilst the HS group maintained a
growth rate similar to that seen prior to the phar-
macological intervention (Figure 1). This result
suggests that RAS blockade suppresses body
growth under conditions in which sodium intake
is restricted, but appears to have no growth-sup-
pressing effect at higher sodium intake levels.

Figure 2 shows the effects of the diet and drug
treatments on wet heart weight (HW) and heart
weight to body weight ratio (HW/BW) measured
at the completion of the 14-day treatment period.
Post RAS blockade, both the HW and HW/BW ratio
of the LS group were significantly lower than the
HS group.Whilst the reduced somatic growth rate
observed in the LS group would contribute to the
reduced cardiac weight index measured, the
finding that non-normalised HW was also reduced
in this group indicates that RAS blockade also
exerted a specific cardiac growth suppression
effect.

The cellular dimensional data confirm this
interpretation. The mean cell length and width of
cardiomyocytes from rats on the reduced salt diet
with RAS blockade were significantly less than
those of high salt group, as shown in Figure 3.The
relative stunting effect of RAS blockade on cell
width growth in the LS group appeared to be
slightly more accentuated than the effect on cell
length growth. Thus, RAS blockade suppresses
cardiac growth in animals on reduced sodium
diet, and this effect is observable at the level of the
whole heart and at the cellular level.
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Figure 2 Heart weight (HW) (A) and heart Figure 3 Mean length (A) and width (B) of
weight/body weight ratio (HW/BW) (B) of rats on cardiomyocytes isolated from rats on combined RAS
combined RAS blockade treatment with high sodium blockade treatment with high sodium (HS+RASB, n=7) or
(HS+RASB, n=23) or low sodium diet (LS+RASB, n=23). low sodium diet (LS+RASB, n=7). Each n value represents
*p<0.05 vs. HS+RASB. the average of 50-100 myocytes per heart. *p<0.05 vs.
HS+RASB.
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E 120 *
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Basal contractile performancé\of
cardiomyocytes

Data describing the basal/ cofitractilefunction of
ventricular myocytes from_ra?s onghe NS and LS
diets with RAS blockdde ase presentedsin Table 1.
In general, the myodytes from the IS group exhib-
ited a higher iriCidence ofdcontrdctile instability
than cells fromntite HS gpoupN\Data from myocytes
observed to\have unstable g¢ontractile pattern in
the initial 5 minutes-Qfdire recording were exclud-
ed from th€ analysis¢T'hus, the averaged data from
all cells in the LS gfoup may overestimate the basal
contractile fufi¢gtien.To control for an effect of cell
length per se, cells selected for this contraction
study were size-matched as confirmed by the sim-
ilarity of the values for resting cell length (L) of
myocytes from the HS and LS groups (Table 1).The
myocytes from the LS group exhibited a signifi-
cantly lower basal %S and slower rate of shorten-
ing (MRS), compared with those of the HS group,
indicative of a reduced contractility in the
myocytes from the sodium restricted group. The
rate of lengthening (MRL) was also somewhat
reduced in the LS myocyte group, but this decline
in relaxation rate did not attain statistical signifi-
cance. No difference in the timing of the events
early in the contractile cycle of HS and LS
myocytes could be detected, but the final cycle
completion time was significantly earlier for the
myocytes from the LS diet group. Overall, myocytes
from rats treated with RAS blockers and low
sodium diet exhibit a depressed basal contractile
performance and an abbreviated contractile cycle.

Table 1 Basal contractile parameter values of
cardiomyocytes from rats on combined RAS blockade
treatment with high sodium (HS+RASB) or low sodium
diet (LS+RASB).

Contractile HS+RASB LS+RASB
parameters (n=50) (n=51)

Ly (um) 111.74+2.35 110.68+2.03
%S (%) 7.3240.16 6.40+0.17*
T, (ms) 9.89+0.37 10.2340.34
Ty (ms) 40.43+0.99 40.26+1.02
T, (ms) 96.76+2.27 89.52+2.76*
MRS (Ly/ms) 4.29+0.11 3.85+0.14*
Turs (MS) 12.2640.51 12.73+0.46
MRL (Ly/ms) 4.03+0.12 3.74+0.16
Ty (MS) 56.21+1.54 58.03+1.74

n = number of cells. Values are mean+SEM. *p<0.05 vs. HS+RASB

Cardiomyocyte response to angiotensin Il

The mean time course of inotropic responses to
exogenous Ang II of myocytes from LS- and HS-RAS
treatment groups is presented in Figure 4. In
myocytes from the HS group, at all concentrations
tested, Ang II caused a reduction in myocyte con-
traction in a time-dependent manner. At the end of
the 12-minute Ang II exposure period, myocytes of
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Figure 4 Time course of the effect of exogenous Ang I
on maximum cell shortening (%S) on cardiomyocytes from
rats on combined RAS blockade treatment with high
sodium (HS+RASB) or low sodium diet (LS+RASB).
(O) time control (no Ang 1), ( @ ) Ang 11 10" M,
(W) Ang I1 10° M, (V) Ang II 10° M.
A 130 - HS+RASB
120 A
w110 A
*
E 100 4
E 90 -
2 80 -
c
3 70 A
2
60
50 T T T T T T T ]
0 2 4 6 8 10 12 14
Time (minutes)
B 130 - LS+RASB
120 A
w110 A
X
E 100 -
‘_g“ 90
2 g0 -
g |
70 -
s
60 -
50 T T T T T T {
0 2 4 6 8 10N\, 12 1
Time (midutes)
=\

the HS group showed significantly reduceéd %S com-
pared with time cgmitrol non-Ang II exposed
myocytes. Contraction fhagnitude was Suppressed to
84%, 85% and 85% Of pre-Aag~\INexposure perfor-
mance levels 26ANE IT congentrations of 10%°,10° and
10*M respeciively (Figure, 5A). There was no signifi-
cant doseteffect of An&\Ji~an myocyte contraction.

Ang Ii=dlicite\ a4 more complex range of
responses from\izidividual myocytes of the LS
treatment gréug=JIt¥was found that Ang II exerted
both positive aad negative inotropic effects on
myocytes in this group, with the overall propor-
tion of positive to negative responses of 6:18 (and
one cell exhibiting a biphasic response).The mean
data, showing overall time-dependent Ang II-asso-
ciated reduction in performance of this myocyte
group somewhat obscures this variability of
response. The performance of myocytes from the
LS group, even in the absence of exogenous Ang II
exposure, was less robust than the HS time control
myocytes, with a 10% deterioration of perfor-
mance evident over the 12-minute recording
period (Figure 4B). Interestingly, at the highest
concentration of Ang II tested, there appeared to
be a suggestion of an overall positive (albeit not
significant) inotropic response. Overall, compar-
isons of mean data at 12 minutes failed to yield any
significant Ang Il-induced differences in maximal
myocyte shortening in this LS treatment group.
(Figure 5B).

Figure 5 Effects of Ang Il on maximum cell shortening
of cardiomyocytes from rats on combined RAS blockade
treatment with high sodium (HS+RASB) or low sodium
diet (LS+RASB). *p<0.05 vs. control.
A
120 1 HS+RASB
wv
R
° ]
.g 100 %
® * *
E
2
c 80
©
]
=
60 -
Control 10 10°  10°
Ang Il (M)
B \*4 LS+RASB
w0
X
o 100 ;
]
5 )
RN
9]
< /0"
z
&
=,
|
60 - 10 -9 -8
Control  10° 10 10"
Ang Il (M)
Discussion

This study demonstrates that combined ACE-T and
AT;-receptor blockade with restricted sodium
intake (0.2%) suppresses somatic growth in nor-
motensive rats and induces relative cardiac
atrophy associated with cardiomyocyte growth
stunting.These anti-growth effects can be reversed
by elevated sodium intake (4.0%), even with main-
tained RAS blockade. In both sodium deplete and
replete states, combined RAS blockade is associat-
ed with impaired cardiomyocyte contractility, and
an inversion of the normally positive inotropic
response of myocytes to exogenous Ang II. Thus
chronic RAS blockade qualitatively alters the intrin-
sic inotropic status and responsiveness of ventricu-
lar cardiomyocytes, and this shift is further modu-
lated by in vivo sodium intake conditions.

The level of dietary sodium restriction used in
this study was not extreme (0.2% or 1.57 mmol/
kg/day). Standard rat chow sodium levels can be
up to about 0.6%. In humans, a normal ad libitum
dietary sodium intake is about 2.9 mmol/kg/day
and a sodium-reduced diet is designed to maintain
sodium intake at approximately 0.7 mmol/kg/
day* Thus, the sodium restricted diet used in
this study is equivalent to an intermediate level
of sodium intake in humans and is thus of clinical
relevance. In contrast, the high sodium diet used
in this study (4% or 31.5 mmol/kg/day), represents
a substantial elevation of sodium.
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RAS blockade, sodium, and growth

The appearance of somatic growth retardation in
animals on LS intake with RAS blockade is consis-
tent with previous studies in normotensive and
hypertensive rats treated with similar dietary
regimes.'”"® The growth retardation in LS diet
animals was observed in parallel with poor
appetite and a decline in general activity level
during combined drug treatment. The body
growth suppression is not due to gross depletion
of sodium, since rats on the same treatments show
a rather small negative sodium balance.'” These
observations suggest that RAS blockade may affect
central nervous system control of food intake
(through an undefined mechanism) - an effect
which is relieved by high sodium intake.

The antigrowth effect of RAS blockade in the
salt restricted state, but not in salt loading, can also
be observed in the heart at organ and cellular
level. It has been shown that combined ACE-I and
AT antagonist treatment with LS intake causes a
profound increase in plasma renin and depletion
of angiotensinogen.'”"® It would be expected that
operation of the intra-cardiac RAS might be modi-
fied in the same manner as the systemic RAS
during combined drug treatment with salt restrict-
ed intake. In the heart, renin sequestered from the
circulation® would contribute to enhanced ¢ag I
production. In circumstances of pharmacaqlogi&ally-
suppressed ACE activity, Ang II formation\js' likely
dependent on local chymase activty® with
locally-produced Ang II selectively acing on AT,
receptor subtypes in the preserice of ChropiCATT
receptor blockade. AT»receptonactivation in)the
heart has been linked with arntigrowid ard-dpop-
totic outcomes.””*® Thege\is Lviderdice that com-
bined ACE-T and AT; #nlagenist treatment up-regu-
lates myocardial AT \reseptors,® implying that the
effects of AT, ativation may be aplified in rats
on combingd~\RAS blgCkrade/ with LS intake.
Decreased -heart/size in thes¢ animals may also be
partly duf to a redystigirin cardiac haemodynam-
ic loading. Tt has beed démonstrated that both sys-
tolic and diastelic®dlood pressure are decreased in
rats on LS diedwith combined drug treatment.'”'®
The effects of unlloading and RAS-mediated atroph-
ic influence would be expected to be additive.

The mechanism by which sodium repletion may
‘rescue’ the RAS-blocked sodium deplete heart is
unclear. It seems unlikely that this is a haemody-
namically-mediated effect, as previous work has
shown that a HS diet is able to increase cardiac mass
independently of arterial pressure change.* Griffiths
et al.” also demonstrated that the haematocrits of
rats on HS and LS diets with combined drug treat-
ment were comparable, inferring that plasma
volumes were relatively normal. HS diet may over-
come RAS blockade by a direct trophic influence on
the heart. In vitro studies suggest that elevated extra-
cellular Na* can induce an increased rate of protein
synthesis and cell growth responses in myocardial
fibroblast cultures®* Other early work suggests that
an increase in Na*-H*' exchanger activity might
mediate HS-induced cardiac growth.** Further inves-
tigation of these possibilities is required.

Altered myocyte contractility and responses
to angiotensin Il

Cardiomyocytes from the LS treatment group
exhibited a higher incidence of contractile instabil-
ity, reduced maximal cell shortening, and slower
rate of cell shortening when compared with those
from the HS treatment group.The findings suggest
that there is an impairment of basal myocyte con-
tractile function when iz vivo sodium restriction is
combined with RAS blockade. Thus, we find that
depressed basal contractility is associated with
cardiac growth suppression. This observation is
consistent with a recent study reporting that,
during cardiac atrophy associated with chronic
unloading in vivo, there is evidence of a progres-
sive decline in myocyte contractile function.?
Suppressed contractile function in the unloaded
heart has been previously linked with myofilament
disorientation in atrophied cardiomyocytes.*
Therefore, i is\possible that the basal contractile
depressiah of\myocytes in LS with RAS blockade
may b&due Lo strdctuyal deformation during pro-
gressive Cardiac{atréphny. A high salt intake may
preverns thesechanges, and thereby preserve con-
wadkstile fupefivn.

Our, pravigus studies have shown that, at phys-
iologicalConcentration ranges, Ang II normally
elieits a positive inotropic response from rat ven-
triqular cardiomyocytes.” Data presented in this
gcudy show that under conditions of chronic RAS
brockade, regardless of sodium status, the
response to exogenous Ang II is converted to one
which is predominantly negatively inotropic in
character. Considerable cell-to-cell variability in
the nature and extent of the Ang II inotropic
response was particularly evident in the LS treat-
ment group. A negative inotropic effect of this
peptide has been previously reported in car-
diomyocytes from hypertrophied and failing
hearts.***” Thus, Ang II-induced negative inotropy
appears to be a feature of the pathologically
deranged heart.

A possible explanation for this inotropic inver-
sion may be a shift in the balance of AT;- versus
AT,receptor-mediated signalling. Where there is
AT suppression, down-regulation or blockade, a
relative increase in AT,-signalling may result. The
role of the AT,-receptor subtype in inotropic mod-
ulation in the heart is virtually unexplored,
although there is evidence that increased AT,
expression occurs in some pathological states.
This possibility requires that the AT,-receptor is in
some manner linked to a second messenger or
intracrine signalling pathway which induces a
reduction in myocyte contractility. Some evidence
for these possibilities exists*®* and further investi-
gation of the functional role of AT,-receptor sig-
nalling (if any) in the myocardium is required.

In summary, this study provides experimental
evidence that combined RAS blockade treatment
under sodium restricted dietary conditions can
produce impairment of cardiomyocyte contractile
function, in parallel with progressive cardiac
atrophy. Based on this study, combination treat-
ments with ACEI and AT; antagonist could be
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predicted to have detrimental rather than benefi-
cial effects on cardiac function, particularly in cir-
cumstances of restricted dietary sodium intake.
The findings of this study also indicate that the
effectiveness of in vivo RAS blockade can be
undermined when dietary sodium intake is high.
Therefore, the appropriate sodium intake should
be taken into account when combined blockade
of RAS is introduced for clinical treatment. More
detailed studies in which the therapeutic titration
of sodium intake with combined RAS blockade
treatment are indicated.
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