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Summary

The effect of prenatal hypoxic stress on the cardiac contractile function and responsiveness to calcium was
studied in rats during the perinatal period. Pregnant rats were exposed to intermittent high altitude hypoxia from
day 14 to 18 of pregnancy. Foetal hearts (prenatal day 22) and the hearts of offsprings (days 1, 4 and 7) were
isolated and perfused in the Langendorff mode. Developed force of contraction (DF) as well as the rate of force
development and fall were measured a) at the Ca?* concentration of 1.25 mmol.l~1, b) under increasing Ca2t
concentration (from 0.6 to 10.0 mmol.I=1). Body and heart weights were significantly smaller in hypoxic than in
matched control rats starting from day 1. The contractile performance of hypoxic hearts did not differ from
controls. Their inotropic response to increasing Ca®* concentrations was, however, significantly reduced on
prenatal day 22 and postnatal day 7. Our results suggest that prenatal maternal hypoxia affects the cardiac

inotropic responsiveness to Ca2* even postnatally.
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We have shown previously that the early
postnatal development of cardiac contractile function
and its regulation at the level of Ca2* transport is not
linear and changes dramatically during the first week of
life (Ost'adalova et al. 1993, 1995). These experimental
data were obtained in healthy individuals. Such
approach differs, however, from the clinical situation
where the pathogenetic factors acting during the
prenatal period (e.g. stress, hypoxia, toxic effects of
drugs) may have serious consequences for further
maturation (Benedetti 1986, Driscoll 1987, Ostadal et
al. 1989, Pexieder et al. 1995). The aim of the present
study was, therefore, to evaluate the cardiac contractile
function in rats exposed prenatally to hypoxic stress.

A total of 20 pregnant rats were used
throughout this study. The beginning of pregnancy was
determined by means of vaginal smears; the day when
sperm was observed represented day 0. Experimental
pregnant rats were exposed to intermittent high
altitude (IHA) hypoxia simulated in a barochamber
from day 14 to 18 of pregnancy; the altitude was 4000
m on day 1 and 5000 m on days 2 to 5; daily exposure
lasted 8 h. The control pregnant rats were kept under

normoxic conditions. All pregnant rats had free access
to water and a standard laboratory diet. The foetuses
were investigated on day 22 of pregnancy and the
offsprings on days 1, 4 and 7 of postnatal life. Foetuses
were removed from pregnant rats under thiopenthal
anaesthesia. All experimental animals were weighed
and killed by cervical dislocation. The hearts were
quickly removed, isolated and perfused in the
Langendorff mode under constant pressure with
Tyrode solution saturated by O3 at 37 °C as described
previously (Ostadalova et al. 1993). The hearts were
electrically stimulated (120 beats.min™! for foetuses,
180 beats.min™! for offsprings). The resting force was
gradually increased by means of a micromanipulator to
the level at which the developed force was
approximately 80 % of the maximum force attained at
an optimum preload. The contractile force (DF, g),
rate of contraction [(+dF/dt)max, g.s1] and relaxation
[(~dF/dt) max g.s ~1] were measured by means of an
isometric force transducer and evaluated automatically
using an on-line computer. After perfusion the hearts
were weighed.
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Table 1
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The effect of prenatal intermittent high altitude hypoxia on the body weight, heart weight and cardiac
contractile parameters of the heart during perinatal period of the rat.

Body Heart Contractile parameters
(days) n (® (mg) (® (gs1) (&s!)
CONTROL
Prenatal
22 8 4.6+0.1 15.9+0.6 0.30+0.05 3.76+0.61 2.61+0.32
Postnatal
1 6 74%0.2 37.3x22 0.57+0.06 8.69+0.84 6.70+0.68
4 8 113x03 59.7£1.6 1.01+0.13 14.80+1.81 11.65+1.41
7 6 16.1+0.1 68.1+2.9 1.90+0.10 27.97+1.37 20.53+0.77
EXPERIMENTAL
Prenatal
22 8 40+0.3 16.6+1.0 0.25+0.03 2.99+0.43 1.78+0.25
Postnatal
1 7 5.7+0.1* 27.4+0.5* 0.75£0.09 10.21+1.20 7.48+0.96
4 7 9.2+0.4* 470+2.1* 1.26+0.16 18.80+2.56 13.35+£2.03
7 7 12.5%0.7* 58.7+3.3* 2.20+0.28 31.64+4.10 23.73+3.42
Values are means + S.E.M. * significantly different (p <0.05) from corresponding control values.
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Fig. 1

Ca’"(mmol/l)

Inotropic response to increasing Ca?* concentrations (expressed as a percentage of the lowest value) of DF
(developed force) in the control (full dots) and experimental hearts (circles) on prenatal day 22 (A), on
postnatal day 1 (B), day 4 (C) and day 7 (D).
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To estimate the inotropic responsiveness to
Ca?* the hearts were initially perfused with 1.25
mmolI"1  C&*. After stabilization, the CZ*
concentration was decreased to 0.6 mmoll™! and
thereafter again graduaily increased up to 10 mmol.I™!.
The effect of each concentration was evaluated after
reaching the peak value (about 4 min) and expressed as
a percentage of the value corresponding to the lowest
concentration of Ca2*. Student’s t-test was used for
statistical evaluation.

The weight parameters are summarized in
Table 1. Body and heart weights were significantly less
in experimental rats as compared with the controls
starting from day 1. Contractile parameters [DF,
(+dF/dt)max and (-dF/dt) maJy measured at the
concentration of 1.25 mmoll™! C#* are shown in
Table 1. Despite the significantly lower weight the
experimental hearts exhibited similar values as the
controls. The inotropic responsiveness to increasing
concentration of Ca?* is illustrated in Fig. 1. On
prenatal day 22 (Fig. 1A) and postnatal day 7 (Fig. 1D),
the response of DF (expressed as percentage of the
minimum  value) was significantly lower in
experimental animals than in the controls. On the other
hand, the difference was not significant on days 1 (Fig.
1B) and 4 (Fig. 1C).
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Our results have shown that prenatal maternal
hypoxia influenced body and heart growth of offsprings
as well as cardiac inotropic responsiveness to
extracellular C2* even 12 days after the last exposure
to IHA hypoxia. This may suggest that the
development of Ca?* handling could be altered. The
above changes may be induced by at least three
different  factors:  undernutrition, stress-induced
catecholamines and maternal hypoxia per se. On the
basis of our results it is, however, not possible to
determine the most relevant cause. It seems interesting
to mention that even a short period of perinatal
hypoxia was able to induce permanent changes in the
rat pulmonary vasculature (Heymann and Hoffmann
1984, Hampl and Herget 1990). Furthermore, Okubo
and Mortola (1988) found increased lung ventilation in
adult rats born in hypoxia. The possibility that prenatal
hypoxia alters different physiological processes, which
are activated by the lack of oxygen, must also be taken
into consideration.
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