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One of the peculiarities of the surface membrane 
is its ability to bear a negative electrical charge 
responsible for such processes as contact  interac- 
tion, adhesion, aggregation, formation of structures 
in the moving blood,  and ionic permeabil i t ies 
[2,8]. This charge changes throughout the course 
of vital activity of the cell (different degrees of its 
differentiation, decline of viability, and adsorption 
of a number  of substances on the cell surface) 
[4,5] and reflects the biological state of  the cell. 
Few data are available on the changes of erythro- 
cyte electrical properties in alcoholism [11,13]. Yet 
such data are very valuable since they can provide 
information about the state of other cell mem- 
branes, including those of brain ceils [12]. 

The aim of the present study was to investi- 
gate the specific conductivity (cy) of erythrocyte 
ghosts (EG) and hemoglobin (Hb) in patients with 
alcohol abuse for different times of withdrawal and 
to compare these parameters with the viscosity of 
suspensions of erythrocytes and their ghosts and 
with other bIood indexes. 

MATERIALS AND METHODS 

Thirty-six alcohohc patients (mean age 37.44-1.44 
years) under  t reatment  in the narcologic depart- 
ment  (alcoholic psychoses - delirium and halluci- 
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nosis - being observed in 5 patients, and signs of 
damage to the liver and pancreas in 5 patients) 
were examined over a period of t ime: the first 
examination was performed during the 1st week of 
withdrawal against the background of  marked in- 
toxication, and the second and the third examina- 
tions in the 2nd and 4th weeks against the back- 
ground of detoxication therapy and administration 
of psychotropics (in the cases with psychoses). The 
alcohol abuse had a history of 13.9+1.3 years on 
average, for both the patients with and without 
alcoholic psychoses. However, within the entire 
group the patients exhibited differences with respect 
to the degree of genetic burden for alcoholism and 
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l:ig. 1. Specific conductivity of EG suspensions as a function 
of t empera tu re  in a lcohol ic  pa t i en t s  at d i f f e r en t  t imes of 
withdrawal. Here and in Pig. 2: i) 1st week of withdrawal; 2) 
2 n d - 3 r d  week of withdrawal; 3) 3 r d -  4th week of withdrawal. 
Dif ferences  are reliable t h roughou t  the en t i re  t empera ture  
interval. Tc is the phase transition. 
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TABLE 1. Specific Conduc t iv i ty  of EG (in 1/OhmXm) in Donors and Patients  with Chronic  Alcoholism (X~m) 

G r o u p  

C o n t r o l  

A l c o h o l i c  p a t i e n t s  

toC 

34 

0 . 1 9 2 0 •  
•  
0 . 2 3 0 7 •  
-----0.0016 

35 

0 .1962•  
•  
0 .2345•  
•  

36 

0,1996--- 
•  
0 ,2374•  
•  

37 

0.2016--- 
•  
0.2401 • 
•  

38 

0 , 2 0 5 6 •  
•  
0.2430--- 
•  

39 

0 ,2090•  
---0.0016 
0,2459 • 
4-0.0017 

40 

0 ,2128•  
-4-0.0016 
0 . 2 4 8 6 -  
•  

41 

0 .2165--  
•  
O, 2509 - 
•  

(%-~p/% 
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11,780-*-0, i 40 

7 . 8 9 0 •  

Note. (G2--G1)/G;X 100% is the specific conductivity of EG (%). Over the entire interval of temperatures the reliability of differences 
be tween  groups  is p<0.001. 

the type of alcohol-induced behavior. In studies of 
the specific conductivity of  erythrocytes the group 
for comparison comprised donors (28 men, mean 
age 34.6+2.1 years) without  alcohol abuse. The 
electrical properties of  erythrocytes were assessed 
from the absolute values of the specific conductiv- 
ity (e) of EG and Hb at t=34~ as well as from 
the changes of  these indexes as a function of the 
temperature (T~ The (J(T) dependence was plot- 
ted on the basis of measurements.  The measure- 
ment  technique was described by us previously [7]. 
The relative indexes: (c~2-(yt)/~2xl00%, where ~ is 
the specific conductivity at t=-34~ and e2 is the 
specific conductivity at t=-41~ and the tempera- 
ture coefficient Ae/aT, were assessed. The viscos- 
ity of suspensions of erythrocytes and their ghosts 
was automatically measured using the method of 
capillary viscosimetry [3]. The relative indexes of 
viscosity were assessed by using similar formulas. 
The indexes of the whole blood: erythrocyte count, 
hematocri t ,  total Hb, mean  corpuscular volume 
(MCV), and mean content  and concentration of 
Hb in erythrocytes, were measured, and the color 
index was calculated by the standard formulas. The 
results were statistically processed on an IBM/PC/  
AT 286/287 with the aid of  STATGRAPHICS 
software (version 3.0). 

RESULTS 

The erythrocyte count arid total Hb proved to be 
low only in the patients with psychoses (2<0.05). 
A trend toward a decrease of the mean Hb con- 
tent in erythrocytes was revealed (by 5.9%). The 
hematocrit  was 7.5% higher than in the control. 
The MCV was also reliably higher (109.5+0.53 as 
against 92.8+0.62 g3 in the control). 

Throughout the entire interval of temperatures 
(34-41~ the specific conductivity of EG suspen- 
sions and Hb solutions was reliably higher in al- 
coholic patients than in the control (Tables 1 and 
2). An increase in their specific conductivity re- 
flects a decrease in the hydrophilic properties of 
the membranes and Hb, which goes along with a 
drop of the {-potential mad electrophoretic mobil- 

ity, this leading to a reduction of erythrocyte co- 
agulability. 

The hydrophilic properties of the erythrocyte 
membrane in alcoholics are evidently reduced due 
to a decrease in the density of the surface charge, 
because the MCV increases by 17-18% for this 
pathology. Since the density of the surface charge 
is 60% determined by the membrane content  of 
sialic and neuraminic acids (bound to membrane 
glycoproteins and glycolipids), redistribution of the 
latter occurs over the ceU surface due to an in- 
crease of the erythrocyte surface. However, it can- 
not be ruled out that reduced hydrophi]_ic proper- 
ties of erythrocyte membranes are associated with 
a decreased absolute content of sialic and  neura- 
minic acids in them [9,10]. 

Membrane proteins also make a certain con- 
tribution, since the hydrophilia of Hb  as a repre- 
sentative of proteins is lowered. In this case the 
reduced hydrophilia is associated either with the 
content of aminodicarbonic acids or with confor- 
mational changes. The absence of T transformation 
in Hb during the acute phase and over the course 
of treatment attests to a change in the protein 
conformation. 

Calculation of the relative values (G2-ch)/cy:xl00% 
showed their reduction in patients with chronic al- 
coholism, which reflects a decrease of the tempera- 
ture coefficient of specific conductivity (,So/AT). 

t~ 
34 35 36 37 38 39 40 41 

0.4 , , , , I , , 

~0.41 

~0.42 - 3 

? 0.43 

0.44 ~ 

0.45 

0.46 

Fig. 2. Specific conduc t iv i ty  of Hb solut ions as a funct ion 
of t e m p e r a t u r e  in a l c o h o l i c  p a t i e n t s  at  d i f f e r e n t  t imes  of 
withdrawal,  
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TABLE 2. Specific Conductivity of Hb (in 1/OhmXm) in Donors and Patients with Chronic Alcoholism (X-4-m) 

G r o u p  
34 35 

toC 

36 37 38 39 40 41 

(~2-oi)/G2, 
% 

between groups is p<0.001. 

Studies of the specific conductivity of EG sus- 
pensions and Hb solutions revealed the dynamics 
of these values over the course of treatment. 

At early stages of withdrawal (Fig. 1, 1) the 
specific conductivity was 20% higher than that by 
the end of treatment (Fig. 1, 3) and 12% higher 
than that after 2 weeks of treatment (Fig. 1, 2). 
It was characteristic for the temperature Coefficient 
(2~/~XT) to increase somewhat (Fig. 1, 2). 

Of great interest in the case of EG is the 
dynamics of intensity of the anomalous g zone 
near 37~ At early stages of withdrawal the cy(T) 
dependence has a monotonous character or else two 
weak anomalous zones are observed at temperatures 
of 36 and 38~ (Fig. 1, 1). After 2 weeks of with- 
drawal the cy(T) dependence changes its character; 
just one anomalous zone appears at 37~ the in- 
tensity of which increases along with the prolon- 
gation of withdrawal (Fig. 1, 2 and 3). 

The presence of an anomalous zone in the o(T) 
dependences for EG and Hb correlates with optic 
and rheologic data [3,6,7] and is interpreted as chan- 
ges of ordering (anisotropy) of membrane proteins 
and phospholipids over a narrow range of tempera- 
tures. The regulatory role of the phase transition in 
the physioloNcal range of temperatures is currently 
being studied. A relationship has been discovered 
between the phase transition and the activity of 
Na, K-ATPase and acetylcholinesterase or the rate of 
glucose utilization [6], this relationship between 
membrane structure and function manifesting itself 
not only in health but in pathology as well [1,3,6]. 

The direct correlation between the specific 
conductivity of EG and Hb and the stage of dis- 
ease (r=0.43, p<0.0042 and r=0.34, p<0.02, re- 
spectively) and the inverse correlation between the 
temperature coefficient and the severity of disease 
(r=-0.46,/)<0.0019) attest to the possibility of us- 
hag these parameters for diagnosis and prognosis. 

REFERENCES 
1. A. P. Ierusalimskii, V. G. Kunitsyn, and M. F. Nekrasova, 

Lab. Delo, No- 10, 39-41 (1989). 
2. G. I. Kozinets, L. V. Borzova, and R. A. Kul'man, Ibid., 

N.o 5, 284-289 (1975). 
3. V. O. Kunitsyn, P. P. Khavin,, A. D. Kuimov, and V. I. 

Fedenkov, Byull. Eksp. Biol. Med., N o- 5, 64-67 (1983). 
4. A. A. Markosyan, I. D. Lisovskaya, and R. A. Markosyan, 

Usp. Fiziol. Nauk, 8, 91-108 (1977). 
5. A. I. Miroshnikov, V. M. Fomchenkov, and A. A. Ivanov, 

Electrophysical Analysis and Cell Separation [in Russian], 
Moscow (1986). 

6. M. F. Nekrasova, Sixth All-Union Congress of  Obstetricians 
and Gynecologists: Synopses of Reports [in Russian], Mos- 
cow (1987), p. 254. 

7. L. E. Panin, V. G. Kunitsyn, and M. F. Nekrasova, Kosm. 
Biol., 95, No- 5, 12-15 (1991). 

8. S. S. Khararnonenko and A. A. Rakityanskaya, Electro- 
phoresis of  Blood Cells in Health and Pathology [in Rus- 
sian], Minsk (1974). 

9. F. Beauge, H. Stibler, J. GaUay, and S. Borg, Pharmaco!. 
ToxicoL, 61, N o- 1, 120-126 (1987). 

10. F. Beange, C. Girre, E. Niel, and S. Dally, Alcohol and 
Alcoholism, 24, No- 4, 366-371 (1989). 

l l . A .  Benedetti, A. Birarelli, E. Brinelli, et aL, PharmacoI. 
Res. Commun., 18, N ~ 11, 1003-1014 (1986). 

12. H. Stibler, F. Beauge, and S. Borg, Alcoholism, 8, N o 6, 
522-527 (1984). 

13. J. M. Vanderkooi, Ibid., 3, 60-63 (1979). 

Cont ro l  0.39444- 0.39974- I 0.40484- 0.40814- 0,41324- 0.4180-- 0.42294- 0,42734- 8.2164-0,177 
4-0,0014 4-0.00151 --'0.0016 "0.0016 --0,0018 4-0,0019 4-0.0019 4-0,0020 

Alcohol ic  pa t i en t s  0.42654- 0,43094- 0,43494- 0.4393--- 0.44384- 0.44784- 0,45174- 0.45504- 6.3454-0./68 
4-0.0014 4-0.0015 --0,0014 4-0,0015 --0.0014 4-0.0014 4-0,0013 --0.0013 

Note. (c~ 2 -  ~i)/c~2x100% is the specific conductivity of Hb (%). Over the entire interval of temperatures the reliability of differences 


