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It is significant that the main mechanism of the 
cross-protective effect of adaptation revealed by us is 
an increased tissue capacity for utilizing the oxygen 
supplied by the blood. This important shift may be 
determined by at least two factors: 1) better preser- 
vation of the capillary-ceU membrane barrier in 
adapted animals and, accordingly, accelerated oxygen 
diffusion across them; 2) more intense oxygen con- 
sumption in adapted animals, possibly due to better 
oxygen utilization and oxidative phosphorylation in 
the mitochondria. Of course, these conclusions should 
be experimentally verified. However, it has been re- 
cently revealed that adaptation to repeated restrained 
stress results in the development of the phenomenon 
of adaptiv e stabilization of structures (PASS). PASS 
manifests itself in an increased stability of the cyto- 
plasmic membrane and sarcoplasmic reticulum struc- 
tures of the mitochondria [5] and cell nuclei [6] to 
autolysis and lipid peroxidation. It may be asserted 
that under the conditions of  our investigation PASS 
development played a certain role in the preservation 
of  cellular structures under  severe hypoxia and 

thereby in the maintenance of a high rate of oxygen 
diffusion and consumption in the cells. 
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Recent investigations have provided substantial evidence 
for the existence of membrane cation transport distur- 
bances in patients with essential hypertension (EH), 
either in electrically excitable or nonexcitable cell types 
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[4-6]. These facts produce new insight into this pathol- 
ogy which allow us to consider EH as a peculiar kind 
of membrane pathology. Cell membrane permeability 
depends strictly on structure. The shape of erythrocytes 
is determined mairdy by the membrane proteins as well 
as membrane lipid composition. T h e  phospholipid 
composition of the erythrocyte membrane is of inter- 
est, since phospholipids (PL) are the main component 
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TABLE 1. Na  + and  K § Flux Rates  Ratio, Total Phosphorus  Content ,  and  Phosphol ip id  Compos i t ion  of Ery throcyte  M e m b r a n e  in 
Pat ients  wi th  Essent ia l  Hyper tens ion .  

Patients 

Control n=  8 
Essential hypertension 
n=10  

Total 
phosphorus, 
gg P/10 ~2 

erythrocytes 

LPC 

47.2-'1.96 7.454-0.61 

32.86• 4.83--0.48 
p<O.O1 p<0.05 

PS 

6.124-0.54 

2.764-0.22 
p<O.Ol 

SPM 

7.634-0.54 

3.46---0.40 
p<0.01 

PC 

8.72--0.51 

5.47--0.57 
p<0.01 

PE 

7.55---0.24 

8.76--1.53 

PA 

10.4---0.68 

4.56• 
p<0.01 

N a + / K  + 
flux rates 

ratio 

3.63--0.47 

1,84--+-0.20 
p<O.Ol 

of the membrane (about 60%) and play an  important 
role in the formation and function of the erythrocytes. 

The aim of the present investigation was a com- 
parison study of the phospholipid composition of eryth- 
rocyte membranes and their permeability for Na + and 
K + in patients with EH and in healthy subjects. 

MATERIALS AND METHODS 

Ten patients with mild EH aged 20 to 43, with ar- 
terial pressure of 155-170/80-95 mm Hg without 
concomitant diseases were examined. The control 
goup included 8 healthy male subjects aged 27 to 41, 
with arterial pressure of 110-125/60-70 mm Hg and 
no family history of hypertension (only first-degree 
relatives were taken into consideration). The eryth- 
rocyte membrane permeability for monovalent cations 
was assayed after Garay and Meyer [7]. Na + and K § 
content was determined with a flame photometer 
(Germany). Total phosphorus and major PL were 
determined by thin-layer chromatography [2]. PL 
separation was performed in a thin layer of silica gel 
and developed with chloroform:methanol:25% ammo- 
nium (14:6:1). Silica gel for TLC-L 5/40 microns 
Chamapal (Czechoslovakia) was used. The following 
PL fractions from the erythrocyte membrane were 
determined: lysophosphatidylcholines (LPC), pho- 
sphatidylserines (PS), sphingomyelins (SPM), pho- 
sphatidylcholines (PC), phosphatidylethanolamines 
(PE), and phosphatidic acids (PA). To evaluate the 
PL concentration the number of erythrocytes was 
determined. The total phosphorus content was ex- 
pressed as txg P/ 1012 erythrocytes. 

RESULTS 
The experiments showed that the permeability for 
Na + and K* is altered in the erythrocyte membranes 
in the patients with EH. In particular, Na + retention 
in the erythrocytes was more pronounced in EH as 
compared with that in healthy subjects (p<0.05), 
whereas the rate of K + flux revealed opposite changes. 

The difference between the EH patients and the 
control group became more significant when the 

Na+/K + ratio was used. We thus used this index in 
the further discussion (see Table 1). 

We also found a substantially lower content of total 
phosphorus in the erythrocytes of EH patients versus 
the control, which seems to be connected with its de- 
crease in all PL fractions except PE (Table 1). 

Taken together, these data suggest that the struc- 
tural changes in the membrane, expressed in a decrease 
of major PL content, correspond to a lowerLng of the 
membrane permeability for Na + and K +. The exact 
molecular mechanisms underlying the alteration of 
plasma membrane structure in EH are not known. 

When analyzing the causes of the functional 
changes of cell membranes in EH, it is possible to 
single out the main factors contributing to membrane 
structure formation: the PL composition, the relative 
cholesterol content, and the state of the proteins of the 
membrane cytoskeleton. 

Recent data surest that a primary defect respon- 
sible for disorders of membrane function is located in 
a protein component of the cell membrane [1,10]. 

SevemA studies concerning the lipid composition of 
membranes are known where the authors do not fred 
any difference in the major PL content between EH 
patients and healthy subjects [8], nor has any differ- 
ence been discovered in the cholesterol content in these 
groups [9]. 

From our investigations we conclude that the dis- 
turbances in erythrocyte membrane permeability in EH 
are caused both by protein changes and by changes in 
PL composition. 

These results supplement our previous electron- 
microscopic study of the shape and surface of erythro- 
cytes in patients with EH, which exhibit a 15% increase 
of abnormal erythrocyte types [3]. Undoubtedly, the 
quantitative changes observed in membrane PL compo- 
sition must affect the transformation of the pho- 
spholipids. 
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Disturbances in calcium metabolism [4], as well as 
changes in the transport of Ca 2+ and other cations 
across the membranes of a variety of cells, in particu- 
lar erythrocyte membranes [3], have been found to play 
an important role in the pathogenesis of essential hy- 
pertension. These changes are most expressed under 
conditions of a Ca2+-deficient diet [1]. An inversely 
proportional dependence between the Ca 2+ content in 
the diet, notably in the drinking water, and both the 
frequency and degree of arterial pressure (AP) increase 
has been shown in epidemiological studies [4,5]. 

A search of the humoral factors responsible for 
the development of arterial hypertension (AH) under 
conditions of a Ca2+-deficient diet has resulted in the 
discovery of a plasmatic factor in spontaneously hy- 
pertensive rats I6-81, in addition to the well-known 
erythrocytic factor [9,10]. 

The present study is based upon data concerning 
the broad prevalence of cardiovascular diseases under 
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conditions of a diet deficient in Ca 2+ and Mg 2+, es- 
pecially in the regions with soft drinking water 
(Saint-Petersburg, Finland, Sweden, Norway, which 
rank first in incidence of AH), as well as upon data 
on the universal role of Ca 2+ ions in the regulation 
of all cell functions. Additionally, it should be noted 
that there is a lack of physiological studies concern- 
ing the mechanism of the exogenous influence of 
Ca 2+ on the formation of vascular tone as well as 
cardiac output. 

The purpose of the present work was to study the 
influence of low and normal Ca 2+ concentrations in 
drinking water on both the AP level and plasma hy- 
pertensive activity in WKY rats. 

MATERIALS AND METHODS 

Rats of the Wistar-Kyoto line (males) wei~dhting 250- 
280 g at the age 12-16 weeks were used in the ex- 
periments. From the moment of the transition to the 
definitive nourishment the animals were kept on a 
standard ration with 0.6% Ca 2+ content. The rats were 
given water ad libitum. The f i n  (control) group start- 
ing from 4-week age was given drinking water with a 
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