
283

0007 -4888/22/1723-0283  © 2022  Springer Science+Business Media, LLC

GENERAL PATHOLOGY AND PATHOPHYSIOLOGY

The Role of Na+/K+-ATPase in the Development  
of Hyponatrenemia under Conditions of Hypoxic  
Stress in Patients with SARS-CoV-2 Infection
S. H. Jafarova1, S. A. Adnaev2, R. T. Guliyeva1, and N. H. Jafar2

Translated from Byulleten’ Eksperimental’noi Biologii i Meditsiny, Vol. 172, No. 9, pp. 268-272, September, 2021
Original article submitted May 11, 2021

We studied laboratory parameters of patients with COVID-19 against the background of 
chronic pathologies (cardiovascular pathologies, obesity, type 2 diabetes melitus, and cardio-
vascular pathologies with allergy to statins). A decrease in pH and a shift in the electrolyte 
balance of blood plasma were revealed in all studied groups and were most pronounced in 
patients with cardiovascular pathologies with allergy to statin. It was found that low pH pro-
motes destruction of lipid components of the erythrocyte membranes in patients with chronic 
pathologies, which was seen from a decrease in Na+/K+-ATPase activity and significant hy-
ponatrenemia. In patients with cardiovascular pathologies and allergy to statins, erythrocyte 
membranes were most sensitive to a decrease in pH, while erythrocyte membranes of obese 
patients showed the greatest resistance to low pH and oxidative stress.
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For successful treatment and timely intervention, great 
importance is attached to the results of laboratory tests 
that allow predicting the course of the disease. For as-
sessing the severity of the condition in patients with 
COVID-19, lactate dehydrogenase (LDH), D-dimer, 
C-reactive protein (CRP), etc. in blood plasma are 
used as the main criteria [10,12]. However, these indi-
cators, which are nonspecific for infectious (including 
viral) diseases and just demonstrate the intensity of 
oxidative-destructive processes developing due to the 
presence of serious chronic pathologies such as diabe-
tes, obesity, cardiovascular diseases with allergic com-
plications [4,7-9]. It is known that CRP is involved in 
the development of oxidative stress in the body in var-

ious pathologies, leading to LPO activation in tissues 
[3,9]. One of the main LPO products, diene conjugates 
accumulating in blood vessels in cardiovascular pa-
thologies stimulate the formation and accumulation of 
D-dimer [8]. Increased blood level of LDH attests to 
intensification of destructive processes in tissues under 
hypoxic conditions; it is not specific for SARS-CoV-2 
infection, and occurs in advanced diabetes, vascular 
pathologies, and allergic conditions [10,12]. The main 
symptom of COVID-19, reduced blood oxygen level, 
is present in all patients with SARS-CoV-2 infection 
[12]. Hypoxic stress accompanying viral infections 
impairs oxygen-transport function of erythrocytes, 
which can contribute to a decrease in oxygen satura-
tion and tissue malnutrition [1].

Our aim was to identify laboratory parameters 
reflecting the development of hypoxia in patients with 
COVID-19 against the background of cardiovascular 
pathologies, diabetes, obesity, and allergic conditions 
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and to evaluate the influence of these pathologies on 
the resistance of erythrocytes to acidification of the 
environment.

MATERIALS AND METHODS

Two consecutive series of studies involving patients 
of the MediClub medical service company clinic were 
carried out. All patients (mean age 61±7 years) signed 
informed consent form for participation in the studies. 
For series I, 43 patients with confirmed PCR analysis 
for COVID-19 and with severe and moderate course 
of the disease were divided into 5 groups: control 
(no chronic pathologies; n=8; group 1), patients with 
cardiovascular pathologies (CVP; n=12; group 2), 
patients with obesity (n=8; group 3), patients with 
type 2 diabetes mlitus (DM2; n=10, group 4), and 
patients with CVP+allergy to statins (n=5; group 5). 
Laboratory tests were performed using a Cobas 411 
biochemical analyzer (Roche) and a Sysmex XT-
2000i hematological analyzer (Sysmex). All patients 
received treatment according to WHO protocols. In 
series II, 38 COVID-19 patients with chronic diseases 
outpatiently examined in the MediClub clinic were 
divided according to the same principle into 5 groups: 
control (n=7), CVP (n=9), obesity (n=8), DM2 (n=9), 
CVP+allergy (n=5).

The material for the study was plasma and eryth-
rocyte membranes.Washed erythrocytes isolated from 
venous blood were incubated for 30 min at 37°C in 
0.15 M sodium phosphate buffer with a pH range 
from 6.9 to 7.5. Erythrocyte ghosts were obtained 
as described elsewhere [5]. LnCl3 was added to the 
hemolysate of isolated erythrocytes to precipitate 
membranes to a final concentration of 0.8-1.2 mM. 
Activity of Na+/K+-ATPase was measured in a suspen-
sion of erythrocyte ghosts as described previously [6]. 
Changes in ATPase activity were assessed by accumu-
lation of inorganic phosphorus (Pi) in the incubation 
medium. Na+/K+-ATPase activity was expressed in  
μmol/Pi/mg protein. LPO intensity was assessed by 
changes in malondıaldehyde (MDA) content [11]. Pro-
tein content was measured spectrophotometrically at 
260-280 nm on an SF-46 spectrophotometer (LOMO).

Statistical processing of the results was carried out 
using the Student’s t test (Microsoft Excel 2017). The 
results of laboratory tests were presented as Me (Q1; 
Q3), Na+/K+-ATPase activity and content of LPO prod-
ucts were presented as M±m. The differences were 
significant at p<0.05.

RESULTS

The data of clinical laboratory tests showed a 1.5-3.0-
fold increase in plasma LDH activity during the first 

week in patients with CVP and DM2 in comparison 
with the control (COVID-19 patients without chronic 
diseases) (Table 1). After 15 days of treatment, LDH 
values in all groups, except group 5, significantly de-
creased and were below the levels observed at admis-
sion.

Plasma D-dimer concentration increased during 
the first week in all groups, except the group of obese 
patients, and 10-fold surpassed the control by the end 
of this period. By the end of the second week, D-di-
mer values in groups 2 and 5 were still high. Lactate 
level by the end of the first week was increased by 
2-7 times in all groups; this increase was most pro-
nounced in patients of CVP and allergy to statins (by 
8 times). Plasma level of CRP increased during the 
first 2 weeks of the disease; significant fluctuations 
of this parameter were found in patients with CVP 
and allergy to statins (by 23 times). The increase in 
CRP levels was associated with an increase in plasma 
8-isoprostane, a product of peroxidation of arachidonic 
acid, a constituent of phosphatidylserine, an annular 
lipid for Na+/K+-ATPase in erythrocyte membranes, 
which affects the activity of the enzyme and its trans-
port function [2,3,9]. Over the 2 weeks of observa-
tion, the content of potassium and sodium ions in the 
plasma of patients of all test groups deviated signifi-
cantly from the normal (3-7%) (Table 1). Changes of 
sodium and potassium inflow into the cell in various 
diseases, including viral ones, can be either as a re-
sult of damage to the cell membrane or inhibition of  
Na+/K+-ATPase [1,2,13]. Our findings attested to a di-
rect relationship between the increase in hypoxia (de-
crease in saturation) and significant fluctuations in the 
content of electrolytes in the blood plasma (hypona-
trenia and hyperkalemia) in patients with COVID-19. 
At the same time, plasma pH in all groups was shifted 
to the acidic values and reached by the end of the 
second week values close to 7.0 in groups 2 and 5. 
Analysis of the above data indicates a possible depen-
dence of the resistance of erythrocyte membranes and  
Na+/K+-ATPase on LPO intensity and changes in plas-
ma pH during hypoxic stress in COVID-19 patients 
and various pathologies.

In model experiments, we studied the resistance 
of Na+/K+-ATPase of erythrocytes isolated from 
COVID-19 patients with various pathologies (se-
ries I) to changes in medium pH and oxidative stress. 
Changes in the activity of Na+/K+-ATPase induced by 
medium acidification were most pronounced in eryth-
rocytes of group 5 patients (CVP+allergy to statins): 
in comparison with the control group at pH 7.4, en-
zyme activity at pH 6.9 in this group decreased by 
35% (Fig. 1). In other experimental groups, enzyme 
activity was also changed upon pH shift to acidic val-
ues (in groups 2 and 4 it decreased by 31 and 28%, 
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Fig. 1. Effect of different pH of the incubation medium on activity of Na+/K+-ATPase in erythrocytes from COVID-19 patients with 
chronic pathologies. Here and in Fig. 2: all differences from the control are significant at p<0.05.

Fig. 2. Effect of different pH of the incubation medium on the 
content of LPO products in membranes of erythrocytes from 
COVID-19 patients with chronic pathologies.

 respectively). Erythrocytes from obese patients (group 
3) were most resistant to medium acidification: en-
zyme activity in this group decreased by 17% com-
pared to the control at pH 7.4 (Fig. 2). At pH 6.9, the 
level of MDA in erythrocytes of this group increased 
by 1.6 times in comparison with the control group at 
pH 7.4. The destructive processes in erythrocyte mem-
brane lipids caused by the decrease in medium pH 
were most intensive in groups 2 (CVP) and 4 (DM2), 
and especially in group 5 (CVP+statin allergy). In 
particular, MDA content at pH 6.9 in groups 2, 4, and 
5 increased by 2.0, 1.9, and 2.3 times, respectively, in 
comparison with the control at pH 7.4.

Hypoxia leads to significant metabolic disorders 
in tissues, including accumulation of LPO products, 
lactate, and a decrease in medium pH. The substrate 
dependence of Na+/K+-ATPase changes under the in-
fluence of ROS and at different pH values, and leads 
to the loss of the ability of the enzyme protomers to 
interact with each other, affecting its activity. Hence, 
the observed decrease in Na+/K+-ATPase activity 
and intensification of LPO in erythrocytes of the test 
groups after 30-min incubation in phosphate buffer at 
low pH attested to a destructive effect of these factors 
on activity of the enzyme, and, as a result, transport 
of sodium ions. This was most pronounced in patients 
with vascular pathologies (groups 2 and 5). Despite 
taking measures to maintain electrolyte homeostasis 
in patients with moderate and severe complications 
of SARS-CoV-2 infection, a pronounced decrease in 
the plasma Na+ level was observed in these patients. 
We believe that this is primarily due to impaired Na+ 
transport across the erythrocyte membrane as a result 
of inhibition of Na+/K+-ATPase. The most significant 
impairments of the acid-base balance and electrolyte 
balance during coronavirus infection were observed 
in patients with allergies to statins against the back-
ground of CVP. In model experiments, analysis of 
the resistance of isola ted erythrocytes to pH changes 
also revealed the lowest activity of Na+/K+-ATPase 
and higher levels of MDA in CVP patients with al-
lergies. These observations showed that exacerbation 
of allergic reactions against the background of viral 
infections, intensification of LPO in erythrocytes leads 
to serious disturbances in Na+/K+-ATPase activity.

Our findings can be used to assess the severity 
of the condition of patients with COVID-19 and, if 
necessary, to change the treatment tactics.
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