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Abstract

Experiments were designed to determine if the inotropic response to increasing buffer calcium concentration differs in male and
female cardiac muscle. Left atrial and papillary muscles were isolated from hearts of 3—4-month old male and female rats, bathed in
Krebs—Hensdleit solution (30°C), and stimulated at 1.5 Hz. Isometric developed tension was monitored continuously as extracellular
Ca?™ was increased in a cumulative fashion. When compared to male atrial muscle, female atrial preparations were more sensitive to the
resulting positive inotropic action; ECy, values were 2.89 + 0.22 and 1.86 + 0.21 mM in male and female atria, respectively. Two-way
analysis of variance (ANOVA) also indicated that there was a significant gender-associated difference in the Ca?* dose—response curves
in atrial muscle. In contrast, papillary muscle did not show a significant gender-related difference in ECy, values (0.88 + 0.07 and
0.74 + 0.06 mM in males and females); however, the Ca?" dose—response curves obtained from male and female preparations were

found to be significantly different when compared by ANOVA. © 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

The literature is beginning to describe gender-related
differences in cardiac muscle structure and function. For
example, some investigators report that left ventricular
mass is lower in women (Hinderliter et a., 1991), although
others believe this difference is eiminated if ventricular
mass is indexed to lean body mass (Daniels et al., 1995).
Similarly, data regarding gender-related differences in rest-
ing cardiac contractile function in humans are inconsistent,
with some investigators finding that men have a lower left
ventricular gjection fraction at rest (Hanley et al., 1989;
Wong et al., 1995; Merz et al., 1996) and others showing
that gender has no influence (Adams et al., 1987). In spite
of this disparity among reports on resting function, most
studies show that men respond to stress with a greater
increase in gjection fraction (Adams et al., 1987; Hanley et
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al., 1989; Merz et al., 1996). Thus, available data suggest
that men have a greater cardiac reserve; however, docu-
mented gender-associated variations in neurohumoral con-
trol and hemodynamic responsiveness (Gotshall et al.,
1991; Ryan et a., 1994; Du et a., 1995; Ettinger et d.,
1996; Huikuri et al., 1996; Jones et al., 1996; Stein et al.,
1997) make it difficult to determine the extent to which
this difference is mediated by variations in the heart.

A limited number of studies have examined gender-re-
lated differences in contractile function in cardiac muscle
isolated from anima models. Unfortunately, information
from this in vitro experimentation is contradictory. Studies
in isolated working rat heart suggest that basal cardiac
function is somewhat greater in male as compared to
female rats (Schaible et al., 1984), while experimentation
in isolated rat papillary muscle indicates that the rate of
tension development and the rate of relaxation are greater
in female heart (Capasso et al., 1983). These contradictory
reports may be a result of the different preparations uti-
lized or variations in other experimental conditions. With
relatively little known about possible gender-associated
differences in cardiac biochemistry, physiology and elec-
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trophysiology it is difficult to understand observed differ-
ences in contractile function. The present study was de-
signed to begin addressing this issue by determining if
gender alters the response of cardiac muscle to increases in
extracellular Ca?™.

2. Materials and methods
2.1. Animals

Male and female, Sprague—Dawley rats (3—4 months of
age) were purchased from Charles River Breeders
(Wilmington, MA) and used to isolate tissues for all
experiments. Female rats were used without regard to
estrus cycle status. All protocols in this study were ap-
proved by the Ingtitutional Animal Care and Use Commit-
tee at the University of Arkansas for Medical Sciences and
were in accordance with the Guide for the Use of Labora-
tory Animals issued by the U.S. Department of Health and
Human Services.

2.2. Cardiac tissue preparations

Rats were anesthetized with a volatile anesthetic, and
their hearts were excised and immediately perfused via the
aorta with a Krebs—Henseleit (KH) solution (30°C) of the
following composition (in mM): 118.0 NaCl, 25.0
NaHCO,, 3.7 KCI, 1.0 KH,PO,, 1.4 CaCl,, 1.2 MgCl,,
and 11.0 Dextrose. The solution was buffered to pH 7.4 by
saturation with 95% O, /5% CO, gas. After the heart was
free of residual blood, left atrial and papillary muscles
(< 0.7 mm diameter) were dissected and hung vertically in
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muscle baths containing the oxygenated solution described
above. Nadolol (1 wM; a B-adrenoceptor antagonist) was
included in the buffer to prevent possible interference from
endogenous catecholamines. Preparations were paced at
1.5 Hz via platinum contact electrodes using 2.0 ms square
wave pulses set at 50% above threshold voltage. |sometric
tension was monitored by force-displacement transducers
(Type FTO3, Grass Instrument, Quincy, MA) and recorded
continuously on a polygraph (Grass Model 7 D). A
‘length—tension’ relationship was determined for each
preparation, and resting tension was subsequently main-
tained at that level which dlicited 90% of maximum ob-
served contractile force (L, ). After establishing resting
tension, tissues were equilibrated for 60 min in alow Ca?*
(0.4 mM) KH buffer with the bathing solution being
changed every 15 min. Concentration—response curves for
Ca?" were then obtained by cumulative addition; each
concentration was added to the medium only after the
tissue reached a steady-state response at the previous level.
After completing the concentration—response curve, tissues
were dried to constant weight at 100°C. Developed tension
was expressed per unit tissue dry weight. EC,, values
were obtained by graphical evaluation of individual log
concentration—response curves using regression analysis of
the linear phase.

2.3. Satistical evaluation

Data were analyzed by analysis of variance (ANOVA)
and by student’s t-test where appropriate. All data are
presented as means + S.E.M. The criterion for significance
was a P value less than 0.05.
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Fig. 1. Inotropic effects of extracellular calcium (Ca2 ") in left atrial (Ieft panel) and papillary (right panel) muscles isolated from male (circles) and female
(inverted triangles) rats. Preparations were bathed in a Krebs—Henseleit buffer (30°C) and stimulated at 1.5 Hz. After equilibration in buffer containing 0.4
mM Ca2*, CaCl, was added cumulatively to attain each concentration. Each data point represents the mean of 10 preparations; vertical bars represent

S.E.M. Developed tension is expressed relative to tissue dry weight.
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3. Results

Increasing Ca?* elicited a concentration-dependent pos-
itive inotropic effect in al preparations. The magnitude of
the response was not affected by gender in either atrial or
papillary muscle (Fig. 1). Maximum observed developed
tension in the presence of high Ca?* was 0.77 + 0.06 and
0.92 + 0.09 g/mg dry weight. in male and female atria
muscles, respectively. Corresponding values in papillary
muscle were 1.20+0.13 and 147+ 0.19 g/mg dry
weight. However, female atrial muscle was more sensitive
to the positive inotropic effect of Ca?*. EC,, values were
2.89 4+ 0.22 and 1.86 + 0.21 mM in male and female atria,
respectively, and two-way ANOVA indicated that there
was a significant gender-related difference in the dose—re-
sponse curves. In contrast, the ECy, values in papillary
muscle were not significantly different when compared
between genders (0.88 + 0.07 and 0.74+ 0.06 mM in
males and females); however, as with atrial muscle, two-
way ANOVA indicated that there was a significant
gender-associated difference in the dose—response curves
in papillary preparations.

4. Discussion

Results of current experiments comparing mae and
female rat atrial muscle indicate that female preparations
are more sensitive to extracellular Ca?*; EC., values for
the Ca2" dose—response curves were lower in female atria
with no difference observed in the maximum response.
Two-way ANOVA also indicated that the Ca?* dose-re-
sponse curves were different in male and female prepara-
tions. The observed difference in sensitivity to extracellu-
lar Ca?* suggests that female atrial muscle is closer to its
maximum contractile state when monitored at physio-
logical extracellular Ca?* concentrations and in the ab-
sence of neurohumoral control.

In contrast to atrial muscle, gender was not associated
with a significant difference in the ECy, values in rat
papillary preparations. However, two-way ANOVA did
indicate that there was a statistically significant gender
difference in the Ca2* dose—response curves in papillary
muscle. This difference results primarily from the fact that
female preparations tended to develop greater tension per
unit tissue weight at every Ca?* concentration examined
(P values ranged between 0.08 and 0.24 when the two
groups were compared by t-test at individua Ca2* con-
centrations). The maximum observed developed tension in
papillary muscle was not significantly different in the two
genders (P = 0.24).

It is not surprising that gender would have differing
effects on contractile function in atrial and papillary mus-
cle. Excitation—contraction (E—-C) coupling is known to
vary in these two tissues with reports from studies in
various species suggesting that the differing function may

be mediated by variations in sarcoplasmic reticular content
and t-tubule density (Berlin, 1995), myosin isoform ex-
pression (Morano et al., 1991), and/or voltage-dependent
Ca?* influx (Beuckelmann, 1997). These differences be-
tween atrial and ventricular muscles apparently result in
atrial myocardium being more dependent on the sarco-
plasmic reticulum as a source for activator Ca?* (see
Asgrimsson et al., 1995). Similarly, these differences be-
tween atrial and ventricular muscles may play arole in the
fact that gender-related differences in protein expression
affect contractile function and responsiveness to extracellu-
lar Ca2* differently in the two tissues. In addition, tissue
differences in E—C coupling are probably involved in the
fact that the EC, values for extracellular Ca?* were found
in the present study to be greater in atrial than papillary
muscle (e.g., mean values were 2.89 and 0.88 in male
atrial and papillary preparations). Although observed rou-
tinely in our laboratory in rat myocardium monitored
under the conditions used in this study, this tissue differ-
ence in the Ca®" EC,, value has not been observed in
cardiac tissue of al species (Kafiluddi et al., 1989; Tanaka
et al., 1995) and is not observed in rat cardiac preparations
monitored under different experimental conditions (Ruch
et al., 1992).

Current results provide little insight into the cause of
the disparity in previous studies comparing cardiac con-
tractility in male and female rats. As discussed above,
studies in isolated working rat heart suggested that basal
cardiac function is somewhat greater in male as compared
to female rats when examined at high afterload (Schaible
et a., 1984). In contrast, experimentation by Capasso et al.
(1983) with isolated rat papillary muscle suggested that
basal contractility is greater in female heart. As indicated
by results of the present study, these investigators found no
significant difference in peak isometric developed tension;
however, they reported that both +dT/dt,, and
—dT/dt,,, werelower in male than female myocardium.
The studies by Schaible et al. (1984) and Capasso et al.
(1983) both utilized tissues isolated from Wistar rats of
approximately the same age (15-25 weeks). However, the
isolated working heart was monitored at 37°C using a
physiological buffer containing 1.5 mM Ca?* and a stimu-
lation frequency of 340 beats/min, while the papillary
muscle was examined in a 24 mM Ca®*-containing
physiological solution at 30°C using a stimulation fre-
guency of 30 beats/min. Current experiments utilized
atrial and papillary preparations from 3-4 month old
Sprague—Dawley rats that were bathed in a KH solution at
30°C and stimulated at 90 beats/min. It is possible that the
disparities among these studies were the result of differ-
ences in the tissue studied, stimulation frequency or tem-
perature. Additional studies are required to examine these
possibilities.

The mechanism underlying the observed gender-related
differences in cardiac contractile function is not known.
Experiments in rabbits have shown that estradiol treatment
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elicits a down-regulation of the delayed rectifier potassium
current (1,.) (Drici et al., 1996). The resulting increase in
action potential duration could enhance voltage-dependent
Ca?* influx and thus the sensitivity to Ca?*. However, the
role of 1, in rat myocardial repolarization may be mini-
mal. Studies in guinea pigs have demonstrated that estra-
diol treatment increases Ca?"-dependent nitric oxide syn-
thase levels in the heart (Weiner et a., 1994). Since NO
has been reported by some investigators to €licit negative
inotropic actions and inhibit voltage-dependent L-type
ca®* current (I,) (see Wyeth et al., 1996), an estradiol-
mediated up-regulation of nitric oxide synthase should act
to diminish, not enhance, contractile function in the fe-
male. Data have also suggested that estrogen acts to con-
trol the expression of L-type Ca?* channels, however,
available results are somewhat contradictory. Johnson et
al. (1997) reported that cardiac myocytes from male mice
with a disrupted estrogen receptor gene show increases in
both dihydropyridine binding site density and 1,. In con-
trast, binding studies by Ishii et al. (1988) suggested that
estrogen increases the expression of dihydropyridine bind-
ing sites in rat heart. An estrogen-mediated increase in I,
would enhance the response to Ca?*. Finally, steady state
MRNA levels for a- and B-myosin heavy chain and sar-
comeric actin are greater in female than male rat heart
(Rosenkranz-Weiss et al., 1994). Differences in myofibril-
lar protein content could affect contractility; however,
further work is required to demonstrate if gender affects
myofibrillar expression in a manner that affects the sensi-
tivity to Ca?*.
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