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The in vitro model of isovolumic beating heart revealed enhanced sensitivity of the
hearts from rats survived severe brain injury to concentration of Ca2+, Na+, and H+ ions
in the perfusion solution. Inhibition of myocardial contractile function after trauma was
accompanied by destruction signs in cardiomyocyte sarcolemma and mitochondrial
dysfunction.
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The conception of primary and secondary lesions
in the brain after brain injury (BI) is widely ac-
cepted. The secondary lesions are not directly rela-
ted to the effect of mechanical impact on the brain,
but rather reflect the reactions of the brain and the
organism to the trauma and related phenomena cau-
sed by respiratory obstruction, disturbances caused
by transportation of the patient, inadequate treat-
ment, etc. The important pathogenic factors leading
to secondary cerebral abnormalities are hemodyna-
mics disturbances [1,4,8] caused by imbalance of
autonomic nervous regulation during the acute post-
traumatic period [2,3]. Our aim was to evaluate
direct damage to the heart after severe BI. To this
end, we studied function of isolated isovolumically
contracting hearts from rats subjected to BI in per-
fusion solution of different electrolyte compositions.

MATERIALS AND METHODS

The experiments were carried out on random-bred
male albino rats (n=85) weighing 160-250 g. Se-
vere BI was inflicted with a load of certain weight
freely falling onto the midline parietal region of the
skull of ether-narcotized rats. One hour after BI, the

heart was isolated, and its contractile function was
examined on the model of isolated heart contracting
in an isovolumetric mode [5]. The heart was per-
fused with Krebs—Henseleit solution saturated with
carbogen at 37oC and containing (in mM): 120 NaCl,
4.8 KCl, 2.0 CaCl2, 1.2 MgSO4, 1.2 KH2PO4, 20
NaHCO3, 10 glucose, pH 7.4. We recorded diastolic
and systolic pressure in the left ventricle, and the
maximum contraction and relaxation rates of the
left-ventricular myocardium. Heart sensitivity to
electrolyte composition of the perfusate was exa-
mined using low-Ca2+, high-Ca2+, high-Na+, and aci-
dic tests. The concentrations of glucose and lactate
and AST activity (Hospitex reagents) in the per-
fusate passed via the coronary bed was measured on
a Mars Automatic Biochemical Analyzer. The mea-
surements were made after a 30-min stabilization
period, after termination of each electrolyte test, and
after the recovery period. Glucose consumption by 1
g dry myocardium over 1 min, release of lactate, and
the loss of AST by cardiomyocytes were calculated
per 1 mm Hg developed pressure. The data were
processed statistically using Student’s t test.

RESULTS

Assessment of contractile function of the isolated
hearts 30 min after the stabilization period (Table
1) revealed decreased relaxation rate of the left
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ventricular myocardium in rats subjected to BI (709.0±
37.4 vs. 879.0±69.0 mm Hg/sec in the control,
p<0.05). At the same time, the efficiency of sub-
strate utilization by the myocardium decreased by
36.4% (p<0.05) as attested by the growth of glucose
consumption per 1 mm Hg developed pressure.
Cardiomyocyte membrane permeability also in-
creased, which manifested in 43.1% (p<0.05) in-
crease in AST activity in the perfusate passed via
the coronary bed.

The decrease in Ca2+ concentration to 1.25 mM
during low-Ca2+ test sharply impaired pumping func-
tion of the left ventricle even in intact rats. After
30 sec, the left ventricular pressure and the myo-
cardium contraction and relaxation rates decreased
by 2.5, 2.4, and 3.7 times, respectively (p<0.001),
while the diastolic pressure increased by 2.1 times
(p<0.001). After termination of the electrolyte test,
the recovery period was characterized by a rapid
reverse dynamics. After 10 min, the parameters of
cardiac contractility did not differ from the initial
values. The subsequent high-Ca2+ perfusion pro-
duced a short-term increase in myocardial contrac-
tility followed by a pronounced drop of pumping
function (Table 1). After 10 min, the developed
pressure and myocardial contraction and relaxation
rates of the left ventricle decreased to 31.9, 30.3,
and 26.7% of the initial values, respectively (p<0.001),
against the background of diastolic pressure rise.
The following 20-min reperfusion with Krebs—
Henseleit solution did not normalize the indices of
cardiac contractility.

In the experimental hearts (isolated from the
rats subjected to BI), restoration of Ca2+ concentra-
tion in the perfusion solution after low-Ca2+ test
induced a more pronounced response: the deve-
loped pressure increased by 36.6% (p<0.02), while
the rate of myocardial contraction and relaxation
increased by 24.0% (p<0.05) and 33.5% (p<0.02)
compared to the control values. The subsequent
high-Ca2+ perfusion induced a more pronounced
increase of the diastolic pressure in the experimen-
tal group: on perfusion minute 10 it surpassed the
control value by 65% (p<0.05). This increase was
combined with a more pronounced decrease in
myocardial force and, especially, rate indices of the
left ventricle, where the rates of contraction and
relaxation were below the control values by 21.6%
(p<0.05) and 31.9% (p<0.02), respectively. During
20-min recovery period, the indices of cardiac pum-
ping function of experimental hearts were below
the control values. At the end of this period, the left
ventricular pressure and contraction and relaxation
rates were below the control by 28.4% (p<0.02),
27.9% (p<0.05), and 28.7% (p<0.02), respectively.T
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In this (experimental) group the diastolic pressure re-
mained elevated by 2.1 times (p<0.02), which re-
flected more intensive contracture formation after BI.

Biochemical analysis of the perfusate passed
via the coronary bed of experimental rats revealed
more pronounced changes during the recovery per-
iod after low- and high-Ca2+ perfusion compared to
those observed immediately after the termination of
these tests. After 10- and 20-min recovery periods,
the hearts of experimental rats consumed more glu-
cose (by 49.7%, p<0.02 and by 35.3%, p<0.05)
and released more lactate (by 57.1%, p<0.001 and
by 64.0%, p<0.001, respectively) per 1 mm Hg
developed pressure than control hearts. This can be
explained by more pronounced disturbances in Ca2+

balance in cardiomyocytes during the tests, because
the increase in intracellular Ca2+ leads to intensive
uptake of these ions by mitochondria and block of
oxidative phosphorylation. This can decrease the
efficiency of substrate utilization by the heart. At

the end of the recovery period after high-Ca2+ perfu-
sion, the hearts of experimental rats released more
AST (by 41.4%, p<0.05) than control hearts. Prob-
ably, pronounced activation of solubilized and mem-
brane-bound proteases, lipases, and phosphorylases
triggered by Ca2+ overload in cardiomyocytes [7]
of experimental rats intensified “delipidization” and
“deproteinization” of cardiomyocyte membranes
[6], which increased their permeability.

The increase in Na+ concentration in the per-
fusion solution produced a greater (compared to
control hearts) drop of developed pressure on mi-
nutes 3 (by 31.5%, p<0.02) and 7 (by 23.4%, p<0.05)
of testing (Fig. 1). Changes in the rate parameters
were more pronounced: the relaxation rate of the
left ventricular myocardium was below the control
at all stages of the experiment. During recovery
after the electrolyte test, changes in the dynamics
of developed pressure were most persistent: on re-
covery minutes 1 and 10 it was 74.8% (p<0.05) and
64.4% (p<0.02) of the control value. Lactate con-
centration in the perfusate passed via the coronary
bed of experimental hearts was elevated during the
entire experiment. During recovery, the glucose
consumption and AST release increased by 34.5%
(p<0.05) and 39.0% (p<0.05), respectively.

The decrease of perfusate pH attests to more
pronounced depression of contractility of experi-
mental hearts at the start of testing and at the end
of the recovery period, when the developed pres-
sure and contraction and relaxation rates of the left
ventricle were below the control values by 22.6,
26.3, and 26.6% (p<0.05), respectively. The acidic
perfusion more severely affected heart metabolism
in experimental rats, which manifested in increased
glucose consumption during testing and recovery
period (by 31.1 and 54.4%, respectively, p<0.02),
increased lactate release (by 43.4 and 50.9%, p<0.05),
and more pronounced enzyme loss in experimental
hearts compared to the control (Fig. 2).

Fig. 2. Effect of BI on glucose consumption and release of lactate and AST by rat hearts during acidic test. I: 30-min stabilization period
of the heart work; II: 15-min acidic perfusion; III: 15-min recovery period.

Fig. 1. Effect of brain injury (BI) on the dynamics of pressure
developed by the left ventricle during high-Na+ test. Here and in
Fig. 2: 1) control; 2) BI. *p<0.05 compared to the control.
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Thus, enhanced sensitivity to electrolyte com-
position of the perfusion solution was revealed in
hearts of traumatized rats by low-Ca2+, high-Ca2+,
high-Na+, and acidic tests despite some differences
in the dynamics of pressure and rate indices of
myocardial contractility accompanied by differ-
ences in biochemical shifts detected in perfusion
solution during testing. This enhanced sensitivity
was more pronounced in changes of the rate indices,
especially during the recovery period after the tests.
Inhibition of myocardial contractility was accom-
panied by signs of destruction of cardiomyocytic
sarcolemma and mitochondrial dysfunction.
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