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Acute exposure to lead increases
myocardial contractility independent of
hypertension development
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Abstract

We studied the effects of the acute administration of small doses of lead over time on hemodynamic parameters in
anesthetized rats to determine if myocardial contractility changes are dependent or not on the development of hypertension.
Male Wistar rats received 320 ug/kg lead acetate iv once, and their hemodynamic parameters were measured for 2 h. Cardiac
contractility was evaluated in vitro using left ventricular papillary muscles as were Na*,K*-ATPase and myosin Ca?*-ATPase
activities. Lead increased left- (control: 112 + 3.7 vslead: 129 + 3.2 mmHg) and right-ventricular systolic pressures (control:
28 + 1.2 vslead: 34 £ 1.2 mmHg) significantly without modifying heart rate. Papillary muscles were exposed to 8 uM lead
acetate and evaluated 60 min later. Isometric contractions increased (control: 0.546 + 0.07 vs lead: 0.608 + 0.06 g/mg) and
time to peak tension decreased (control: 268 + 13 vslead: 227 + 5.58 ms), but relaxation time was unchanged. Post-pause
potentiation was similar between groups (n = 6 per group), suggesting no change in sarcoplasmic reticulum activity, evaluated
indirectly by this protocol. After 1-h exposure to lead acetate, the papillary muscles became hyperactive in response to a
B-adrenergic agonist (10 uM isoproterenol). In addition, post-rest contractions decreased, suggesting a reduction in
sarcolemmal calcium influx. The heart samples treated with 8 uM lead acetate presented increased Na®,K*-ATPase
(approximately 140%, P < 0.05 for control vs lead) and myosin ATPase (approximately 30%, P < 0.05 for control vs lead)
activity. Our results indicated that acute exposure to low lead concentrations produces direct positive inotropic and lusitropic
effects on myocardial contractility and increases the right and left ventricular systolic pressure, thus potentially contributing to
the early development of hypertension.
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Introduction

Lead is a toxic metal and an environmental pollutant
related to the development of hypertension, in addition to
having harmful effects on the neural, renal and cardio-
vascular systems, among others (1-4). lts effects on
human health depend on blood levels and the duration of
the exposure (5). Navas-Acien et al. (6) reviewed the link
between lead exposure and cardiovascular events in
various population studies, highlighting the elevation of
arterial pressure (7-9). Lead-induced hypertension
involves an increase of sympathetic nerve activity and a
reduction of baroreflex sensitivity (10-12).

However, the cardiovascular effects of lead are not
limited to increases in blood pressure. While lead-induced
hypertension has been well described, only a few reports
have described the direct effects of lead on cardiac
muscle (13). Carmignani et al. (14) reported a positive
inotropic effect and the increased activity of angiotensin-
converting enzyme in rats exposed to 60 ppm, as drinking
water, of lead acetate for 10 months. Moreover, Prentice
and Kopp (15), also using perfused hearts, demonstrated
that 30 uM lead attenuated the positive inotropic
response of increasing calcium concentrations. In agree-
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ment with those findings, Bernal et al. (16), using 1 to
30 uM lead, also reported calcium channel blocker action
in rat myocytes and Xenopus laevis oocytes. In papillary
muscles, acute 100 uM lead added to the bath had a
negative inotropic effect (17), suggesting that lead affects
heart function. However, it is necessary to emphasize that
low lead concentrations (24.2 + 1.8 ug/dL) cause
positive inotropism (14), while negative inotropism has
been associated with higher lead concentrations (100 uM)
17).

The cardiac effects resulting from acute administration
of low concentrations of lead acetate are still poorly
understood. There is a need to know whether even a short
exposure to low lead concentrations can cause significant
deleterious effects on important components of cardio-
vascular function. If deleterious effects occur, they could
be related to cardiovascular pathophysiology and should
be potentially noteworthy in the context of epidemiological
impact.

In the present study, we investigated the acute effects
of low concentrations of lead over time on hemodynamic
parameters in anesthetized rats to determine if myocardial
contractility changes are dependent on hypertension
development. To this end, we also measured in vitro the
isometric twitch and tetanic contractions of the left
ventricular papillary muscles and myosin ATPase and
Na* ,K*-ATPase activities.

Material and Methods

Animals and ethics statement

Studies were performed using male Wistar rats (280-
350 g). Rat chow and water were provided ad libitum. All
experiments were conducted in compliance with the
guidelines for Biomedical Research as stated by the
Brazilian Societies of Experimental Biology. The experi-
mental procedures were approved by the Ethics
Committee in Animal Experimentation of the Escola
Superior de Ciéncias da Santa Casa de Misericordia de
Vitéria (CEUA-EMESCAM; protocols #003/2007 and
#007/2007) and are in agreement with the Ethical
Principles in Animal Experimentation of the Sociedade
Brasileira de Ciéncia em Animais de Laboratério
(SBCAL).

Hemodynamics

Rats were anesthetized with urethane (1.2 mg/kg, ip),
and the femoral vein, carotid artery, and jugular vein were
cannulated. The carotid artery and jugular vein cannulas
were advanced into the left and right ventricular cham-
bers, respectively, and connected to transducers (TSD
104A, Biopac Systems, Inc., USA) for pressure measure-
ments and recordings. The following parameters were
analyzed: left and right ventricular systolic pressures
(LVSP and RVSP), heart rate (HR), and the positive (+)
and negative (-) time derivatives of the left and right
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ventricular pressures (dP/dt).

The following protocols were applied to anesthetized
rats. The acute effects were achieved using a bolus dose
of intravenously injected lead acetate (320 ug/kg). This
amount was selected to produce a blood concentration
near 160 pg/dL (approximately 8 uM) considering that the
lead was dissolved in a volume equivalent to 20% body
weight that corresponds to the extracellular fluid volume,
approximately 20 mL/100 g in rats.

All animals (n = 9) were monitored for 120 min, and
the LVSP, RVSP, HR, and dP/dt+ and dP/dt- time
derivatives of left and right ventricular pressures were
recorded before lead administration (control condition,
time 0, Ct) and at 30, 60, 90, and 120 min following lead
administration. Similar protocols were repeated to estab-
lish time controls in animals that only received saline
injections (n = 4).

Isometric contractility study using papillary muscles

Rats were anesthetized with 10% chloral hydrate
(65 mg/kg, ip), the thorax was opened, and the heart was
rapidly removed. The hearts were perfused through the
aortic stump with modified Tyrode’s solution (120 mM
NaCl, 5.4 mM KCI, 1.2 mM MgCl,, 1.25 mM CaCly,
20 mM HEPES buffer, and 11 mM glucose, pH 7.4)
allowing the proper selection and dissection of the left
ventricular papillary muscles. The muscles were mounted
in a specific apparatus (Schuler-Organbad; Hugo Sachs
Elektronik, Germany) to evaluate the isometric force that
was normalized to the respective papillary weight (papil-
lary weight = 5.85 + 2.12 mg, n = 33). The preparations
were bathed in a 20-mL water-jack bath that was
maintained at 26 + 0.5°C to avoid hypoxia of the muscle
core and was gassed with 100% O,. The preparations
were attached to an isometric transducer (TSD125,
Biopac Systems, Inc.). Field stimulation was provided by
isolated rectangular pulses (10 to 15 V in 12-ms duration)
applied through a pair of platinum electrodes placed along
the whole extension of the muscle. The standard rate of
stimulation was 0.5 Hz. The recordings were started after
45 to 60 min to let the beating preparation adapt to the
new environmental conditions. The force developed
during the contractions was measured in g/mg (developed
force divided by muscle weight in mg). Correction by
papillary weight was used to normalize the data from
different preparations.

To evaluate the acute effects of lead on papillary
muscle contractility, we used 8 uM lead acetate to
reproduce a condition similar to the one obtained in vivo.
Lead was added to the bath after stabilization of the
preparation and contractility parameters were determined
at 0 (control condition), 15, 30, 45, and 60 min after lead
administration. Tests were performed at optimum length
for contraction (Lmax) before and after exposure to lead
acetate. The following parameters were determined: peak
isometric force, time to peak tension (TPT), relaxation
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time, and the dP/dt+ and dP/dt- time derivatives of left
ventricular force development.

The effects of 8 uM lead acetate were also investi-
gated in the following protocols: post-pause potentiation
(PPP), post-rest contraction (PRC) and B-adrenergic
stimulation with 10 uM isoproterenol. PPP, taken as an
indicator of sarcoplasmic reticulum Ca?" release (18), was
measured after a pause interval of 15, 30, and 60 s, and
these results are presented as relative potentiation (the
amplitude of post-rest contractions divided by steady-
state contractions) to compare potentiation after steady-
state contractions of different amplitudes. PRCs were
obtained after 10 min without stimulation and in the
calcium-free solution containing 5 mM caffeine. To
achieve PRC, seconds before the electric stimulation,
the calcium-free solution was replaced with modified
Tyrode’s solution (with 1.25 mM calcium). The first
contraction after rest was taken as an index of sarco-
lemmal calcium influx (18). Taking into account that the
rat myocardium saturates its positive inotropic response
at extracellular Ca" concentrations lower than those for
other species (17), the protocols using isoproterenol were
performed with reduced extracellular Ca®* concentrations
(0.62 mM). In the last protocol, tetanic tension was
elicited before (control condition - time 0) and at 15, 30,
45, 60, and 90 min after lead administration by high
frequency stimulation (10 Hz for 15s). Tetanus was
achieved after 5 mM caffeine pretreatment for 30 min,
and a time interval of 15 min was used between tetanic
stimulations.

Time control protocols were performed in preparations
(n = 4) without exposure to lead.

Cardiac myosin ATPase activity

Another group of animals (n = 6 per group) was
sacrificed, and their hearts were rapidly frozen in liquid
nitrogen and kept at -80°C until analysis.

Myosin was prepared from minced and homogenized
left ventricles extracted briefly with KCl-phosphate buffer
(0.3 M KCl and 0.2 M phosphate buffer, pH 6.5 (19). After
precipitation of myosin with a 15-fold dilution with water,
the muscle residue was separated by filtration using
cheesecloth. This procedure precipitates cell fragments,
including the membranes. The filtrate containing myosin
was centrifuged at 10,000 g for 40 min. The precipitate
was re-dissolved in phosphate buffer and 0.6 M KCI for
elution of myosin under high ionic strength, and 1 mL
water was added for each g of tissue to produce a new
precipitate. The material was again centrifuged at
10,000 g for 40 min, and the muscle residue separated
by filtration. The material was re-dissolved again in 14 mL
water per g tissue, centrifuged and filtered as before. The
precipitate was dissolved in 50 mM N-(2-hydroxyethylpi-
perazine-N’-[2-ethanesulfonic acid]) sodium salt (HEPES,
pH 7.0) and 0.6 M KCI plus 50% glycerol (v/v) and
stocked at -20°C. Stocked myosin had to be diluted in
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water (1:12) and centrifuged at 10,000 g for 40 min. The
precipitate was re-suspended in 50 mM HEPES, pH 7.0,
and 0.6 M KCI, and centrifuged at 600 g for 5 min. The
supernatant was used for enzyme assays.

Myosin ATPase activity was assayed as described in
previous reports (19,20) by measuring inorganic phos-
phate (Pi) liberation from 1 mM ATP in the presence of
50 mM HEPES, pH 7.0, 0.6 M KCI, 5 mM CaCl,, or
10 mM ethylene glycol-bis (B-amino ethyl ether-
N,N,N’,N’-tetra acetic acid (EGTA) in a final volume of
200 pL. ATP was added to the reaction mixture and pre-
incubated for 5 min at 30°C. The reaction was initiated by
adding the enzyme fraction (3-5pug protein) to the
reaction mixture. The incubation time (10 min) and protein
concentration were chosen to be in the range of reaction
linearity. The samples were assayed in duplicate or
triplicate and corrected for non-enzymatic hydrolysis by
using controls assayed under the same conditions, except
that the protein sample was added after the interruption of
the reaction by using 200 uL 10% trichloroacetic acid. The
reaction was initiated by the addition of the protein sample
to avoid the inactivation at 30°C caused by a lack of
substrate. The enzyme activity was calculated as the
difference between the activity observed in the presence
of Ca?* and that in the presence of 10 mM EGTA. Pi was
determined by the method of Chan et al. (18). The specific
activity was reported as nmol Pi released per min per mg
protein. Protein levels were measured by the method of
Bradford (21) using bovine serum albumin as a standard.
To determine whether lead acetate can affect myosin
ATPase activity, the aforementioned protocol was con-
ducted in the absence and presence of 8 uM lead acetate
(n = 6).

Na*,K*-ATPase activity

To determine whether lead acetate (8 uM) can affect
Na*,K*-ATPase activity, enzymatic material was
extracted as described by Stefanon et al. (22).
Ventricular tissue (n = 6 per group) was homogenized
in a solution containing 20 mM Tris-HCl and 1 mM EDTA,
pH 7.5. The homogenized tissue was centrifuged at
10,000 g for 20 min, and the precipitate was discarded.
The same volume of 20 mM Tris-HCI and 1 mM EDTA,
pH 7.5, was added to the supernatant and centrifuged at
10,500 g again for 1 h. The precipitate was resuspended
in 20 mM Tris-HCI and 1 mM EDTA, pH 7.5, in a final
volume of 400 puL.

Na* K*-ATPase activity was assayed by measuring Pi
liberation from 3 mM ATP in the presence of 125 mM
NaCl, 3 mM MgCl,, 20 mM KCI and 50 mM Tris-HCI,
pH 7.5. The enzyme was pre-incubated for 5 min at 37°C,
and the reaction was initiated by adding ATP. Incubation
time and protein concentration were chosen to ensure
reaction linearity. The reaction was stopped by the
addition of 200 uL 10% trichloroacetic acid. Controls were
prepared by the addition of the enzyme preparation after
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the addition of trichloroacetic acid and were used to
correct for the non-enzymatic hydrolysis of the substrate.
All samples were tested in duplicate. Specific activity is
reported as nmol Pi released per min per mg of protein,
unless otherwise stated. The specific activity of the
enzyme was determined in the presence and absence
of 5 mM ouabain.

Drugs used

The following drugs were used: heparin (Roche
Q.F.S.A., Brazil), anhydrous caffeine (B. Herzog, Brazil),
chloral hydrate (Reagen, Brazil), urethane, bovine serum
albumin, lead acetate, HEPES and (-) isoproterenol
hydrochloride (Sigma, USA). All other reagents used
were of analytical grade and were obtained from Sigma,
E. Merck (Germany), or Reagen.

Data analysis and statistics

Data are reported as means + SE. Comparisons
between the means were made using repeated measures
ANOVA or the Student t-test. A significant ANOVA was
followed by the Tukey test. The level of significance was
set at P < 0.05. Figures were plotted using the GraphPad
Prism™ version 5.0 software (GraphPad Software, USA)
and data were analyzed statistically using the GB-STAT
software (version 4.0, Dynamic Microsystem Inc., USA).

Results

Table 1 shows the effects of lead administered iv on
the time course changes of hemodynamic parameters.
Sixty minutes after lead administration, the LVSP and
RVSP and corresponding positive (dP/dt+) and negative
(dP/dt-) derivatives increased, but HR remained
unchanged.

Animals that received only vehicle injections were
considered as a time control. In this group, left and right
ventricular pressures, their derivatives and HR were
unchanged (data not shown).

Figure 1 displays the effects of exposure to 8 uM lead

181

acetate over 60 min on force, TPT and the corresponding
positive and negative time derivatives. The force and both
time derivatives increased after lead exposure. TTP was
reduced, but relaxation time did not change (data not
shown). To investigate the putative role of the sarcoplas-
mic reticulum and sarcolemmal calcium influx, two
protocols examining PPP and PRC, respectively, were
performed. PPP was unchanged, suggesting that the
sarcoplasmic reticulum was not involved (at least at this
concentration; data not shown). However, PRC was
reduced, aproximately 50%, suggesting a lead effect
blocking the sarcolemmal calcium influx. This finding was
reinforced by the reduction of the peak tetanic tension
(Figure 2), whereas the plateau tension did not change
(control: 0.215 £ 0.02 vs lead: 0.190 + 0.03 g/mg; P >
0.05).

As a time control protocol, papillary muscles were
investigated without lead exposure. Force parameters
and time derivatives did not change (data not shown).

Knowing that chronic lead exposure increases sympa-
thetic activity, we used a single dose of isoproterenol, a
B-adrenoceptor agonist, to investigate this issue (10-12).
Isoproterenol increased the percentage of force develop-
ment following lead administration in vitro (control: 39.14
+ 6.15 vs lead: 64.43 + 8.71%; P < 0.05).

In agreement with previous reports (16), our findings
indicated that lead reduced PRC, suggesting that the
metal acts as a calcium channel blocker. These results
raise the question of how the pressure and force were
increased. To clarify this issue, we investigated the effects
of lead on myosin ATPase activity. Figure 3 presents the
increase in myosin ATPase activity after acute lead
acetate administration. However, TPT was reduced
(Figure 1), suggesting that calcium could be released
faster into the myoplasm. This possibility was ruled out
because PPP was not affected (data not shown). This
finding led us to investigate the possibility of increased
contractile synchronization. This mechanism had already
been reported to be linked to increased Na*,K*-ATPase
activity producing hyperpolarization (23). As previously

Table 1. Effects of lead on the time course changes of hemodynamic parameters of anesthetized rats.

0 min 30 min 60 min 90 min 120 min
LVSP (mmHg) 112 £ 3.7 123 £ 4.7 127 £+ 4.4* 129 £+ 4.3* 129 + 3.2
dP/dt+ LV (mmHg/s) 5731 + 753 6761 + 891* 6892 + 786* 7269 + 881* 7518 + 869*
dP/dt- LV (mmHg/s) -5330 + 504 -5868 + 442 -5937 + 436 -6249 + 438* -6507 + 443*
RVSP (mmHg) 28 £ 1.2 305 + 1.6 33 £ 1.1* 34 + 1.0* 34 £ 1.2*
dP/dt+ RV (mmHg/s) 1721 £ 179 1888 + 203 2024 + 182 2140 + 193* 2224 + 177*
dP/dt- RV (mmHg/s) -1662 + 108 -1762 + 153 -1979 + 135* -1873 + 87 -1959 + 98*
HR (bpm) 312 + 22 330 + 23 331 + 17 334 + 16 334 + 17

Data are reported as means + SE for 9 animals. Changes in left ventricular (LV) and right ventricular (RV) pressures of anesthetized rats
are shown. Zero time is the control condition. RV and LV parameters were obtained before and during 120 min of exposure to lead acetate
(320 pug/kg, iv). LVSP = LV systolic pressure; RVSP = RV systolic pressure; dP/dt = positive (+) and negative (-) rate of rise of left
ventricular pressure; HR = heart rate. *P < 0.05 for lead vs control (one-way repeated measures ANOVA followed by the Tukey test).
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Figure 1. Effects of 8 uM lead acetate on the time course changes of isometric force (A), time to peak tension (B), dF/dt+ (C) and dF/dt-
(D) of rat left ventricular papillary muscles. Results are reported as means + SE for 5 animals. Ct = control; dF/dt = time derivatives of
left ventricular force development. *P < 0.05 for lead vs Ct (one-way repeated measures ANOVA followed by the Tukey test).
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Figure 2. Effects of 8 uM lead acetate on the time course of peak
force of isometric force upon tetanic stimulation. Results are
reported as means + SE for 8 animals. Ct = control. *P < 0.05
for lead vs Ct (one-way repeated measures ANOVA followed by
the Tukey test).
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Figure 3. Myosin ATPase activity (A) and Na*,K*-ATPase activity
(B) of control (Ct) and lead (Pb)-exposed animals. Results are
reported as means + SE for 6 animals. *P < 0.05 (Student
t-test).
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reported, the increased Na*,K*-ATPase activity increases
resting potential and induces positive inotropic effects and
contractile synchronization (24). Therefore, we also
measured Na*,K*-ATPase activity and found that it was
increased (Figure 3).

Discussion

The results presented here demonstrate that acute
administration of low concentrations of lead increases
systolic left and right ventricular pressures and produces
positive inotropic and lusitropic effects in cardiac muscle,
both in vivo and in vitro. In addition, these results also
suggested that lead is a calcium channel blocker.
However, lead did not affect sarcoplasmic reticulum
activity but did increase myosin ATPase and Na*,K*-
ATPase activity, which explains the positive inotropism
and lusitropism. These findings suggest that the myocar-
dial contractility changes that were induced by exposure
to lead are independent of hypertension development.

Exposure to lead causes numerous damaging effects
on human health (1-4,25), which depend on blood
concentration and exposure time (5). The hypertension
induced by lead is associated with the inhibition of Na*,K*-
ATPases (26) and an accompanying reduction of the
bioavailability of nitric oxide (27-29), increasing the
release of endothelin (30,31) and sympathetic activity
and reducing parasympathetic tone (10-12), increasing
oxidative stress (32-34), and increasing renin-angiotensin
system activity (35).

Previous reports on rats exposed for 10 months to
60 ppm lead acetate indicated increased myocardial
inotropism and increased angiotensin-converting enzyme
activity (11,14). However, other reports have indicated
that acute lead administration (30 uM in the bath) to
perfused rat hearts attenuates positive inotropic
responses (15). In rat papillary muscles, acute 100 pM
lead in the bath, although not affecting sarcoplasmic
reticulum activity, has a negative inotropic effect and
reduces myosin ATPase activity (17). Lead action
contributing to calcium channel blocking has also been
reported in rat myocytes and Xenopus laevis oocytes
(16). These findings, although contradictory, suggest that
lead affects heart function. Moreover, it is necessary to
emphasize that a positive inotropism was found with a
lower lead concentration (14), while negative inotropism
was found with a higher lead concentration (17).

Our results indicated that, after 60 min, acute lead
acetate administration increased systolic left and right
ventricular pressures, and produced a positive inotropic
effect in anesthetized rats while heart rate was unchanged.
These results are similar to those reported by Carmignani
et al. (11,14) in an experimental model of chronic lead
administration. Since these findings are based on acute
exposure, they suggest that positive inotropic effects take
place very early and are independent of hypertension
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development. Since acute lead administration increased
both left and right ventricular systolic pressures and
positive inotropic and lusitropic effects, these findings
suggest increased sympathetic tone acting on the heart.
Previous reports have already described the involvement
of sympathetic nerve activity, along with reduction of
baroreflex sensitivity and of parasympathetic tone in lead-
induced hypertension (10-12).

However, another hypothesis that should be considered
was that a low concentration of lead increases rat
ventricular pressure by a direct effect, increasing myocar-
dial contractility. To investigate this issue, the papillary
muscle preparation was used to avoid external neural or
humoral interferences that can be present in vivo. Our
results indicated that the positive inotropic effect also
occurred in the papillary muscles, suggesting a local
myocardial action of lead, corroborating our in vivo results.
To clarify the underlying mechanisms, we indirectly tested
the activity of the sarcoplasmic reticulum using the PPP
protocol (36). No changes in PPP were observed after lead
administration, suggesting that the sarcoplasmic reticulum
might not be involved. However, the reduced isometric
tension, which was observed in the PRC, suggested that
sarcolemmal calcium influx was reduced, in agreement with
a previous report (16). This finding, although in contrast to
the positive inotropic effect found, was reinforced by the fact
that peak tetanic tension was reduced (Figure 2) since it is
dependent on the sarcolemmal calcium influx or on the
characteristics of contractile proteins. Thus, the decreased
calcium influx could have reduced the peak tetanic tension.

However, the enhanced B-adrenergic response and
the increased myosin Ca®" ATPase activity (Figure 3A)
may demonstrate the ability of acute lead administration
to increase force and pressure in the isolated papillary
muscle and ventricles. It is already known that sympa-
thetic nerve terminals continue to release catecholamines
in isolated preparations (37). The enhanced response to
B-adrenoceptor stimulation may help maintain contractility
both in vivo and in vitro and could explain why TPT
tension was reduced (Figure 1). Moreover, B-adrenergic
activation also regulates myosin ATPase activity through
cyclic AMP. The cooperation of these two effects, the
enhanced response to B-adrenoceptor stimulation and
increased activity of myosin ATPase, may explain why the
inotropic effects prevailed (Figure 1 and Table 1) (38).
The last finding that could explain the positive inotropic
effect is the increased Na",K*-ATPase activity. It is a
known fact that this activity produces intracellular sodium
reduction, enhancing the Na‘/Ca®" exchanger activity,
which reduces intracellular calcium and, consequently,
force development. However, digitalis sensitivity is differ-
ent regarding the alpha subunit of Na*,K*-ATPase. The
alpha 1 subunit is distributed all over the plasma
membrane and the alpha 2 and 3 subunits are expressed
only in regions of superposition with the sarcoplasmic
reticulum. This region has been defined as plasmerosome
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and Na®,K*-ATPase is usually co-expressed with the
sodium/calcium exchanger. It is at this region that digitalis
produces a positive inotropic effect because a low digitalis
concentration inhibits Na*,K*-ATPase. However, to inhibit
the alpha 1 isoform of Na*,K*-ATPase, digitalis concen-
tration must attain toxic levels. A recent report has shown
that the alpha 2 subunit is the isoform responsible for a
positive inotropic effect (39). Then, the alpha 1 subunit of
Na*,K*™-ATPase has another function, mainly the regula-
tion of ionic distribution and maintenance of resting
potential. Adequate resting potential is necessary for the
activation of an action potential. In the myocardium, small
reductions of resting potential reduce the Na* fast inward
current and then action potential conduction slows down.
This reduces contraction because of reduced myocyte
synchronization. It has been known for a long time that
isolated preparations lose potassium permeability during
experiments that also reduce resting potential. Increasing
Na*,K*-ATPase activity increases the resting potential,
promoting better synchronization of contraction and
consequently peak force increases (24).

Our findings suggest that acute administration of lead
acetate increases left and right ventricular pressures and
myocardial contractility without affecting heart rate. In
addition, the present results show, for the first time, that
acute exposure to low lead concentrations produces
positive inotropic and lusitropic effects independent of
hypertension development. These effects seem to be the
result of increased myosin ATPase and Na*,K*-ATPase
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