
Thus the marked myoglobinemia and high blood enzyme levels observed during postischemic 
reperfusion are largely determined by damage to cardiomyocytes during reperfusion. Prophy- 
lactic injection of the antioxidant dibunol and of the calcium antagonist verapamil, however, 
inhibits the reperfusion component of myocardial damage, and this is accompanied by preven- 
tion of loss of enzymes and myoglobin by the cardiomyocytes. 
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Na+/H + EXCHANGE IN ERYTHROCYTES OF SPONTANEOUSLY HYPERTENSIVE RATS 
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The membrane concept of the pathogenesis of primary hypertension, which was formulated 
more than I0 years ago [5], has been confirmed experimentally many times [7, 10]. Most of 
these investigations have been conducted on blood cells from patients with essential hyper- 
tension and from rats with spontaneous hypertension, which is regarded as an adequate model 
of human primary hypertension (essential hypertension). Research aimed at discovering the 
molecular mechanisms of formation of membrane disturbances is currently in progress in sev- 
eral laboratories. Particular attention is being paid to the study of the state of proteins 
forming the cytoskeleton of the membrane [i, 6, ii]. We know that some cytoskeletalproteins 
participate directly in the regulation of the shape and volume of cells, including erythrocytes. 

It was shown previously that if valinomycin is added to rat erythrocytes the cells are 
compressed and H+-dependent sodium inflow is induced [2, 3]. It was therefore decided to com- 
pare the velocity of Na+/H + exchange in the erythrocytes of spontaneously hypertensive rats 
(SHR) and rats of a control group, with different degrees of cell contraction. 

EXPERIMENTAL METHOD 

Male SHR (spontaneous hypertensive Kyoto-Wistar rats) and control WKY(normotensiveKyoto- 
Wistar rats)~ acting as the control, and whose ages and blood pressure (BP) are indicated in 
Table I, were used. The procedures of taking blood and obtaining erythrocytes were described 
by the writers previously. The value of Na+/H + exchange was judged from the amiloride-in- 
hibited component of the velocity of 22Na inflow [3]. For this purpose 200 ~i of erythrocytes 
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TABLE i. MaximalVelocity of Na+/H+Exchange 
Induced by Valinomycin in Erythrocytes of 
Hypertensive and Normotensive (control) 
Rats (M • m) 

Group of 
animals 

WKY 68 
SHR 
WKY 4 
SHR 

Age, 
weeks 

14 

4 

BP, rr~ 
Hg 

I08•  
183~13 

Na + inflow, 
~moles/ 
liter of 
cells/h 

33,5-*-1,1 
32 ,6+0 ,7  
67,0~2,0 
51,0:h2,2 

--r.. j] 

0 20 ~0 FO 80 100 

Fig. i. Dependence of scattering of light by 
erythrocyte suspension from normotensive rats 
on K + concentration in incubation medium. Ab- 
scissa, KCI concentration (in mM); ordinate, 
intensity of scattering of light at 600 nm 
(in relative units), i) Control, 2) medium 
contains 2.5 ~M valinomycin. 

was preincubated for 30 min at 37~ in 800 ~I of medium A, containing 130 mM NaCI, 5 mM KCI, 
1 mM MgCI2, ! mM CaCI2, 1 mM Na2HPO~, i0 mM glucose, 30 mM HEPES-Tris-buffer, pH 7.4. After 
sedimentation the cells were resuspended in the same volume of medium A containing 2.5 ~M val- 
inomycin, 0.i mM ouabain, and 1 ~Ci/ml of 22NaCI. In some cases the medium contained 1 mM 
amiloride and the KCI concentration was increased to i0 mM. To maintain a fixed osmolarity 
the NaCI concentration was reduced to 50 mM (affinity of the Na+/H + carrier for [Na+]o is 20 
mM [4]), and when the KCI concentration was reduced, an equimolar amount of choline chloride 
was added. As the writers showed previously, activation of Na+/H + exchange in rat erythro- 
cytes takes place 15 min after the addition of valinomycin, and the kinetics of sodium accu- 
mulation in the erythrocytes remains linear in character until 40 min of incubation [3]. Tak- 
ing these results into consideration, in the present investigation the erythrocytes were in- 
cubated with 22NaCI for not more than 30 min, after which an aliquot of suspension was trans- 
ferred into 1 ml of cold washing medium, containing 150 mM choline chloride and i0 mM Tris- 
HCI, pH 7.4. Washing was repeated three times and the cell residue was treated successively 
with 0.5 ml of a 0.5% solution of Triton X-100 and 0.5 ml of a 10% solution of TCA to deter- 
mine their radioactivity. After precipitation of the proteins 0.8 ml of the supernatant was 
transferred into scintillation fluid. The change in size of the erythrocytes after addition 
of valinomycin was determined by measuring the scattering of light by the cell suspension [3]. 
The quantity of hemoglobin released from the erythrocytes in the course of their incubation 
was determined from the optical density of the samples at 450 nm [2]. 

EXPERIMENTAL RESULTS 

It will be clear from Fig. 1 that in the absence of valinomycin a change in the K + con- 
centration in the incubation medium had no effect on erythrocyte volume, recorded by scatter- 
ing of light. Addition of valinomycin at physiological values of [K+]o was accompanied by 
membrane hyperpolarization, leading to the outflow of potassium and chloride and to a reduc- 
tion of half to two-thirds of the quantity of intracellular water [3]. This process was ac- 
companied by contraction of the cells, which was reflected in a more than threefold increase 
in the scattering of light. At zero value of the K+-diffusion potential ([K+]o = [K+]I = I00 
mM) valinomycin did not affect the membrane potential of the erythrocytes and did not lead to 
contraction of the cells (Fig. i). Under these conditions it was impossible to find any 
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Fig. 2. Dependence of amiioride-inhibited component of 
velocity of ==Na inflow on extracellular K + concentra- 
tion in the presence of valinomycin. Abscissa, KCl con- 
centration (in mM); ordinate, Na + inflow (in nmoles/li- 
terof cells/h). Experiments performed on 15 WKY (I) 
and SHR (2) animals aged 14 weeks~ 
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Fig. 3. Kinetics of hemoglobin release from erythro- 
cytes during incubation in medium A containing 5 mM 
Na3V04. Abscissa, duration of incubation (in h); or- 
dinate, hemoglobin release (in %). I, 3) WKY; 2, 4) 
SHR. Age of animals 4 weeks (3, 4) and 16 weeks (i, 2). 

significant effect of amilorlde on the kinetics of ==Na accumulation (Fig. 2), in agreement 
with the abundant data on the absence of Na+/H + exchange in resting cells [9]. 

The fall in the K + concentration in the presence of valinomycin led to an increase lnthe 
velocity of Na+/H + exchange, and at concentrations [K+]o of 50 and 30 mM the velocity of this 
process in WKY erythrocytes was 5.5 and 9.3 mmoles/liter of cells/h, respectively. In SHR 
erythrocytes, at the same values of [K+]o, the velocity of Na~/h ~- exchange was increased by 
45 and 75% (Fig. 2). The maximal velocities of Na+/H + exchange recorded at [K+]o = i0 mMin 
SHR and WKY erythrocytes did not differ; whereas only half the maximal values of the velocity 
of Na+/H + exchange (Vo.s = 12 mmoles/liter of cells/h) were recorded in SHR and WKY rats With 
40 and 25 mM of extracellular K +, respectively. 

Two suggestions can be put forward to explain these results. First, Na+/H + exchange in 
SHR erythrocytes is activated in the presence of less contraction of the cells. Second, in 
the presence of moderate concentrations of [K+]o vallnomycin induces greater contraction of 
SHR erythrocytes than in animals of the control group. 

Data showing that SHR erythrocytes are smaller in size [8, 12] are in agreement with this 
hypothesis. Strict proof of its validity can be obtained in experiments with direct measure- 
ment of the change in cell volume under these conditions, and these are currently in progress 
in the writers' laboratory. 

As was pointed out above, the maximal velocities of the Na+/H + exchange in SHR erythro- 
cytes in the chronic hypertensive stage (age 4 weeks) did not differ from those in WKY 
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erythroeytes. It will be clear from Table 1 that the velocity of Na+/H + exchange in the ery- 
throcytes of young rats (age 4 weeks) was approximately doubled, and in SHR erythrocytes this 
increase was reduced by 20%. 

It can be tentatively suggested that differences in the maximal velocity of Na+/H + ex- 
change observed in erythrocytes of young SHR, in the prehypertensive stage, are due to dif- 
ferences in cytoskeleton formation. In fact, it has been shown on chick embryonic erythro- 
cytes that the ratio of the content of protein in the 4.1 band to spectrin increases in the 
course of development from 0.83 to 3.64 [13]. Differences in the properties of the erythro- 
cytes of young SHR and WKY rats were seen most clearly in the experiment whose results are 
given in Fig. 3: incubation of the erythrocytes of rats aged 16 weeks for 4 h in the pres- 
ence of orthovanadate led to very slight hemolysis of the cells, recorded as hemoglobin re- 
lease (Fig. 3: i, 2). No differences were found between SHR and WKY rats in this age group. 
Erythrocytes of young rats (especially SHR) were much more sensitive to the action of ortho- 
vanadate: under these same conditions, after incubation for 4 h, 95% and 37%, respectively, 
of their hemoglobin was released from SHR and WKY erythrocytes (Fig. 3: 3, 4). 
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DURING THE EXTRACORPOREAL CIRCULATION 

Yu. B. Pisarskii, V. B. Kazimirovskaya, UDC 616.12-089.166:616.12-78/-06:616. 
and M. G. Voronkov 155.18-085.246.4:547.245 

KEY WORDS: extracorporeal circulation; assisted circulation apparatus; hemolysis; 
lipid peroxidation; l-(chloromethyl)-silatrane. 

The creation and use of assisted circulation apparatuses (ACA) during operations on the 
heart, the use of an assisted circulation for the treatment of heart failure, and also the 
fitting of artificial heart valves and artificial main blood vessels are all connected with 
the problem of trauma to blood cells (BC) [3, 10-12]. Injury to and destruction of erythro- 
cytes (hemolysis) and other BC are the main obstacles to the long-term use of assisted circu- 
lation methods and they greatly complicate the process of postoperative rehabilitation of pa- 
tients. The most important traumatic factors include the effect of a foreign surface, me- 
chanical trauma, the velocity and duration of perfusion, and oxygenation [i, 3, 12, 14]. Sta- 
bilization of the integrity and functional activity of BC during the extracorporeal circula- 
tion (ECC) is thus an acute problem which faces modern cardiology. In clinical practice no 
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