Biological systems always contain several different proteoglycans [5, 12]. Probably,
therefore, during aggregation and adhesion of cells the action of one of them, bound rela~-
tively specifically with the outer .surface of the cell membrane, is reinforced by the non-
specific stereochemical (displacing) effect of other proteoglycans contained in the given
system, as revealed by model systems and tissue cultures [2, 11]. The interactions noted
above may be of essential importance in processes of morphogenesis, when sharp changes take
place in the absolute content of the proteoglycans and also in the relations between the
quantities of these biopolymers and glycoproteins [1, 5, 11, 12].
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CHANGES IN PASSIVE ELECTRICAL PROPERTIES OF ERYTHROCYTES DURING
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The widespread use of hemoperfusion in clinieal practice has necessitated the develop-
ment of rapid methods of monitoring the stateofithe blood cells actually during hemoperfus-
ion changes take place in the chemical compesition and physical characteristics of the plasma
membranes of the blood cells [1, 3]. One such method that may be suggested is to measure
the passive electrical properties of blood cells and blood plasma, which depend on the func-
tional state of the cells and tissues and may be drastically changediduring the development
of various pathological states (aging, malignant transformation, low temperature injury,
and so on) [7-9].

The aim of this investigation was to study the electrical characteristics of erythrocytes
(total impedance, capacitance and conductance of the membrane, conductance of the intra- and
extracellular medium) under hemoperfusion conditions on intact rabbits in pivo and on eryth-
‘rocytes from normal human blood donors im vitro.

EXPERIMENTAL METHOD

Hemoperfusion was performed on intact rabbits with an anteriovenous circuit, using
columns with a capacity of 50 cm®, packed with synthetic SKN-2K activated charcoal (Medical
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Fig. 1. Dependence of virtual part of conductance on actual (Cole-Cole
diagram) during hemoperfusion in rabbits, Abscissa, virtual conductance
(in ©°'); ordinate, actual conductance (in Q~'), 1) Control, 2) 30 min

of hemoperfusion, 3) 60 min of hemoperfusion. Arrows indicate peaks of

semicircles and corresponding values of characteristic frequencies (in

mHz).
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Fig. 2. Changes in macroscopic parameters of whole blood and plasma dur-
ing hemoperfusion in rabbits. Abscissa, time (in h); ordinate conduc~
tance (in Q" 'em '). 1) Specific conductance w of blood at low frequencies
relatdve to fo, 2) specific conductance ® of blood at high frequencies
relative to f¢, 3) conductance u of blood plasma.
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Fig. 3. Changes in electrical parameters of erythrocytes during hemoper~
fusion in rabbits., Abscissa, time (in h); ordinate, cénductance (in cm*
m~ '), capacitance (in mF/cm®). 1) Conductance ® of plasma membrane-of
erythrocytes, 2) capacitance Cg of plasma membrane of erythrocytes, 3)
conductance % of intracellular medium of erythrocytes.

Preparations Factory, Kiev). The rate of perfusion was 10 ml/min and the duration of hemo-
perfusion 60 min., The operation was performed under pentobarbital anesthesia (30 mg/kg,
from Spofa, Czechoslovakia), and before hemoperfusion heparin (Weddell Pharmaceuticals
Limited, England) was injected intravenously in a dose of 500 U/kg body weight.

Experiments iIn vitro were carried out on a suspension of erythrocytes obtained from
human blood donors after resedimentation twice (3000g, 10min) in 0.14 M NaCl, pH 7.4, The,
fatty acids — chromatographically pure oleic acid {from Serva, West Germany) and lauric acid
(from Boehringer, West Germany) — were injected in alcoholic solution from a microsyringe,
so that the final concentration of ethanol in the suspension did not exceed 27. Hemoperfus-
ion inm vitro was carried out by passing the erythrocyte suspension (50 ml) through & column
with SKN-2K activated charcoal,

The electrical parameters of the blood were measured in a specially constructed cylin-
drical constant temperaure cell (25°C), with gilded electrodes, pessessing minimal parasitic
capacitance (6 x 107'®F) and inductance (9 x 10~° H). Frequency dependences of complex con-
ductance were measured on a BM-508 impedance meter (from Tesla, Czechoslovakia). The follow-
ing parameters were determined from a "Cole-Cole" diagram (dependence of the virtual part of
conductance on the actual part): the characteristic frequency (fo), conductance at low fre-
quencies relative to fo (% o), and conductance at high frequencies relative to fo (%w). The
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TABLE 1. Passive Electrical Properties
of Erythrocytes on Incubation with Free
Fatty Acids and after Hemoperfusion

Specific con« Capacitance of
sxperimenta | gpnee gl | ool menbrne
conditions (xy), Q1-m-1 | s mF/cm?
Control 1,1-10-31-10-3 | 1,3-10~2:£0,1%
: 1 X10-2

Cleic acid, 2.5 mg
2.5 mg 1,4:10-%+0,1-10-3%| 1,4-10-2+0,1-10-2
Lauric acid,
.0 Mg
Oleic acid (2.5
mg)+ hemo-
perfusion 8,1:10-31,4-10-9 8,2-10~21,1- 10~

1,4.10-%+0,2-10-3| 1,6-10-220,2-10-2

value of specific conductance of the intracellular medium (pci),_and of the specific conduc-
tance (%g) and the capacitance (Cg) of the cell membrane were calculated from the experimen—
tal data by the following equations:

2%y (T —P) — % (P12
e 0P e P 2) W
® (1—Py—2P—1
%(Z
1
Lo P
B K(n.' 1 —P
ng=","- j 5 ‘ " (2)
w ‘TP 1P 1y 1 142P
%g 1 —P (%i+1+2P'2xa)_ % | 1—P 2,
1/ #i-%q 2 -+ P) s
Cs="" (\xa(2+P>+uo(1—P> ) )

where d denotes the thickness of the membrane (10~° m); r the effective radius of the erythro-
cytes (3.5 x 107° m); %, the conductance of the external medium; P the bulk concentration of
the cells.

Values of %, were determined for supernatants obtained after sedimentation of the eryth-
rocytes (3000g, 10 min) in each series of experiments,:

EXPERIMENTAL RESULTS

A "Cole-Cole" diagram for whole blood during Bemoperfusion in rabbits in shown in Fig.
1. Measurements were made during hemoperfusion for 60 min., It will beiclear from Fig., 1 that
hemoperfusion led to changes in the electrical parameters of the erythrocytes, manifested as
a shift of the curve to the right. Average results of measurement of electrical parameters
of erythrocytes and plasma in the course of hemoperfusion are given in Fig. 2. The data showed
that the hemofusion procedure leads to the following changes in the macroscopic parameters
of whole blood which were measured; an increase in specific conductance (%0, %) and an in-
crease in conductance of the blood plasma (x,) relative to the characteristic frequency (fo).
On the basis of the experimental data conductance (%g) and capacitance (Cg) of the plasma
membrane of the erythrocytes and also the conductance of the intracellular medium of the
erythrocytes (%) were calculated. Ttwillbe clear from Fig. 3 that hemeperfusion led to a de-
crease in conductance of their intracellular medium. These results are evidence of stabiliza-
tion (an increase in specific resistance) of the erythrocyte membrane during hemoperfusion.
The method used thus not only enables the effectiveness of the hemoperfusion procedure to be
monitored, but its membrane effects to be studied also.

Since we knowothat the appearance of free fatty acids in the blood is a characteristic
sign of the development of many pathological states (stress, hypoxia, ischemia, and so on)
[5, 6], the action of fatty acids on the acid electrical properties of erythrocytes and the
possibility of correcting changes which arose by means of hemoperfusion were studied in a
separate series of experiments. As will be clear from Table 1, oleic and lauric acids, built
into the plasma membrane of the erythrocytes, induce an increase in capacitance and conductance
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of the membrane, but have virtually no effect on intracellular conductance. Perfusion of
erythrocytes "loaded' with fatty acids through a column containing the sorbent leads to
opposite changes in their electrical characteristics: a sharp decrease in conductance and
capacity of the membrane, much beleow the control fevels obtained for intact erythrocytes.

It can be postulated that not only the added fatty acids are removed from the plasma membranes
of erythrocytes during hemoperfusion, but also membrane destabilizers present in them
initially (hydrolysis products of phospholipids, peroxidation products of polyenic fatty
acids, etec.) [2, 4].

It can thus be concluded from these results that the method of recording passive elec-
trical properties of blood is a highly sensitive and informative means of monitoring the
effectiveness of hemoperfusion. Further investigations will demonstrate to what extent the
method can be used to select optimal conditions of hemoperfusion for different pathological
states.
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Acute intestinal infections are accompanied by endotexemia, acute renal failure (ARF),
and changes in hemostasis and the water—electrolyte balance.

The response of the blood clotting system to intravenous injection of endotoxins into
animals has been studied in fair detail. One of the main symptoms reflecting the character
of the effect of endotoxin on hemostasis is a state of hypercoagulation which arises when the
endotoxin circulates in the blood stream, and if the toxin is injected continuously, intra-
venously over a;period of several hours characteristic features of disseminated intravascular
clotting (DIVC) develop [6, 10].

The main trigger mechanism leading to temporary thrombin formation in the circulating
blood in response to intravenous injection of endotexin may originate from different sources.
For instance, according to some workers blood cells and, in particular, leukocytes of many
species of animals, on contact with endotoxin, become the source of procoagulant activity,
Platelets stimulated by endotoxin are one source of both procoagulant and proaggregating
activity [8]. Experiments in vitro have demonstrated the cytotoxic action of granulocytes
treated with endotoxin on a culture. of endothelial cells [9]. Injury to the endothelium
by endotoxin, mediated through granulocytes, is another factor in the stimulation of hyper-
coagulation and thrombin formation when endotoxin enters the blood stream.
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