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SIMILAR NATURE OF IONIC IMBALANCES IN
CARDIOVASCULAR AND RENAL DISORDERS

Shahid SM1, Akram H2, Jawed M3 & Mahboob T4

ABSTRACT
Background: Several studies have reported improper ionic environment in cardiovascular and renal
patients but how the diseases are associated on ionic basis is still not clear.
Objective: The present study was aimed to investigate sodium and potassium concentrations and
their transport abnormalities in cardiovascular and renal patients.
Patients & Methods: Thirty patients of various cardiovascular and thirty patients of various renal
disorders (53.33% males, 46.67% females) were selected. Erythrocytes were isolated from freshly
drawn blood samples, washed and used for the estimation of sodium and potassium levels using flame
photometer (Corning 410). Serum sodium and potassium were measured by flame photometer. RBC
membranes were prepared for the estimation of Na+-K+-ATPase activity in terms of inorganic phos-
phate released/mg protein/hour.
Results: Intra-erythrocyte and serum sodium and potassium concentrations and Na+-K+-ATPase activ-
ity were different in cardiovascular and renal patients from controls. Intra-erythrocyte sodium level
was increased significantly (P<0.01) in cardiovascular patients and non-significantly in renal patients
as compared to controls. Na+-K+-ATPase activity and serum sodium level were decreased significantly
(P<0.01) in both the groups as compared to controls. Serum potassium was found to be decreased
significantly (P<0.01) in cardiovascular patients whereas it was raised significantly (P<0.01) in renal
patients as compared to control subjects.
Conclusion: The results indicated similar nature of ionic and electrolyte imbalances in cardiovascular
and renal disorders resulting from impaired Na+-K+-ATPase system. Further investigations in the same
area, may be of help to establish an understanding of the progression of diseases, associated compli-
cations and the preventive steps that should be taken to arrest the progression of these disorders.
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INTRODUCTION

Cardiovascular and renal diseases are the
major health problems and main causes of
morbidity and mortality in Pakistan due to spe-
cific socio-economic and life style changes. Is-
chemic heart disease, hypertension and chronic
cardiac failure are the most common cardio-
vascular problems. As indicated by various
studies, dysregulation of sodium, potassium
and other ions has a role in the development
of various cardiovascular diseases1. Patients
with ischemic heart disease commonly exhibit
acid-base and electrolyte alterations mainly hy-
pokalemia, hypocalcemia and hypophos-
phatemia and allied disturbances2.

In 1950s and 1960s several disorders of fluid

    Pak J Med Sci   2004   Vol. 20   No. 4     www.pjms.com.pk    331



and electrolyte metabolism were described in
which the principle disturbance appeared to
be a specific functional defect in the renal tu-
bule3.  Most important electrolytes like sodium,
potassium, calcium, magnesium and bicarbon-
ate provide inorganic chemicals for biochemi-
cal processes as well as act at the cell mem-
brane to allow transmission of electrochemi-
cal impulse in nerve and muscle fibers4. The
intracellular cation play a significant role in the
regulation of normal physiology and biochem-
istry of cardiac and smooth muscles.
Dysregulation of these processes is an impor-
tant factor in the genesis of various serious
arrythmias5.

Kidneys being the vital organs of the body
perform reabsorption of these important elec-
trolytes by means of active transport and elec-
trochemical gradient6. Changes in renal me-
dulla, resulting in activation of the renin-an-
giotensin system may also contribute to sodium
retention and hypertension7. Treatment of hy-
pertension at least partially restores potassium
levels towards normal and fasting steady state
potassium level is closely linked to calcium and
magnesium homeostasis8. Abnormal sodium
metabolism has a critical role in etiology of car-
diovascular and renal disorders that can in-
crease the circulating concentration of Na+-K+-
ATPase inhibitors Dopamine and Catechola-
mine for example, which is responsible for the
cause of essential hypertension. The Na+-K+-
ATPase pump has an important role in main-
tenance of cellular ionic composition and vol-
ume by promoting the entry of nutrients into
the cell by cotransport with sodium and is in-
volved in the generation of membrane poten-
tial and is also essential for the movements of
solutes across the cells in renal tubules9. This
mechanism can be associated with urinary loss
of sodium and bicarbonate, leading to volume
depletion and metabolic acidosis10. Other chan-
nels also have their roles in regulation of cat-
ions in the compartments of blood including
Ca++-dependent K+-channels, Na+-carriers, K+-
carriers, Na+-Li+ exchangers, Na+-K+ exchang-
ers11. Some of these effects especially in myo-
cardial tissues may lead to permanent tissue

damage directly associated with cardiovascu-
lar mortality12.

The present study was carried out to find out
sodium and potassium transport abnormalities
in serum and red blood cells of various cardio-
vascular and renal patients, and to compare
these with the transport of these cations in
normal healthy subjects.

PATIENTS & METHODS

Study Population:
Thirty cases of cardiovascular diseases (16

males and 14 females) admitted to coronary
care unit of Liaquat National Hospital and
thirty cases of renal disorders (16 males and
14 females) admitted to Urology units of
Liaquat National Hospital, Civil Hospital and
Jinnah Postgraduate Medical Center were se-
lected randomly for the present study after in-
formed consent was obtained. The mean ± SD
ages of cardiovascular and renal patients were
58.23 ± 8.86 and 51.18 ± 10.49 years, respec-
tively. The cardiovascular patients were suf-
fering from ischemic heart disease and hyper-
tension; where as renal patients were suffer-
ing from nephritis, renal hypertension and dia-
betic nephropathy. These diagnoses were taken
from the medical records of these patients on
the basis of laboratory investigations. Same
number (N=30) of age and sex matched healthy
subjects with no known history of cardiovas-
cular and renal diseases were selected as con-
trols.

Sample Collection:
The blood samples of patients and control

subjects were collected in lithium-heparin
coated tubes after an informed consent was
obtained for analysis of erythrocyte sodium and
potassium. Blood samples were processed the
same day for estimations.

Erythrocyte electrolyte estimation:
Heparinized blood was centrifuged and

plasma was separated. Buffy coat was also re-
moved leaving behind erythrocytes. Erythro-
cytes were washed three times at room tem-
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perature by suspension in the magnesium chlo-
ride solution (112 mmol/L) and using centrifu-
gation at 450x g at 4°C for 5 minutes and aspi-
ration of the supernatant as described earlier
13. Final supernatant was retained for the esti-
mation of erythrocyte sodium and potassium
concentrations. Neither electrolyte was detect-
able in the final wash. Washed erythrocytes
were then lysed with the help of 20% Saponin
solution and the lysate was used for the esti-
mation of erythrocyte sodium and potassium
concentrations.

Plasma electrolyte estimation:
Plasma sodium and potassium were esti-

mated by flame photometer (Corning 410) by
previously described method14.

Erythrocyte membrane preparation:
The red cell pack extracted by centrifugation

at 4oC was resuspended and diluted in 25 vol-
umes of 0.11mol/L Tris buffer, pH 7.4. The
hemolyzed cells were then centrifuged at
12,000 rpm at 4oC and the membrane pellet
was again suspended in 30 ml of 0.11 mol/L
Tris-HCl buffer, pH 7.4. This centrifugation step
was repeated three times. The final concentra-
tion of the membrane suspension was ~4 mg
protein/ml of Tris buffer. The concentration
of protein was estimated by Biuret method15.
The membrane suspension was stored at –80oC
until the assay was performed.

Erythrocyte Na+-K+-ATPase activity
measurement16:

ATPase activity was measured in a final vol-
ume of 1 ml briefly: membrane (400mg) were
preincubated for 10 minutes at 37oC in a mix-
ture containing 92 mmol/L Tris-HCl (pH 7.4),
100 mmol/L NaCl, 20 mmol/L KCl, 5 mmol/
L MgSO4 and 1 mmol/L EDTA. Assays were
performed with and without 1mmol/L Oua-
bain, a specific inhibitor of Na+-K+-ATPase.
After incubation with 4 mmol/L ATP (Vana-
date free, Sigma) at 37oC for 10 minutes, the
reaction was stopped by adding ice-cold
trichloroacetic acid to a final concentration of
5%. After centrifugation at 5500g at 4oC for

10 minutes the amount of inorganic phosphate
in the supernatant was determined17. Na+-K+-
ATPase activity was calculated as the differ-
ence between inorganic phosphate released
during the 10-minute incubation with and
without Ouabain. Activity was corrected to a
nanomolar concentration of inorganic phos-
phate released /milligram protein/ hour.

All assays were performed in duplicate, and
blanks for substrate, membrane and incuba-
tion time were included to compensate for en-
dogenous phosphate and non-enzyme related
breakdown of ATP. Under these experimental
conditions, the coefficient of variation was
7.5%.

Statistical analysis:
Results are presented as mean ± SD. Statisti-

cal significance and differences between
groups were determined by Student’s t-test.

RESULTS

Results presented in Tables 1 and 2 show dif-
ferences among cardiovascular patients, renal
patients and control subjects with respect to
sodium and potassium homeostasis. Intra-
erythrocyte sodium and potassium levels were

Table-I: Intra-erythrocyte and serum sodium
and potassium concentrations and Na+-K+-

ATPase activity in control subjects and
cardiovascular patients

Control Cardiovascular
Patients

RBC Sodium 8.92 + 0.89 10.65+2.11*
(mmol/L)
RBC Potassium 121.73 + 11.98 133 + 18.83*
(mmol/L)
Na+-K+-ATPase 443.37 ± 282.03 182.71±30.75*
(nm/mg/hr)
Serum Sodium 143.3 + 0.68 122.27 + 13.3*
(mmol/L)
Serum Potassium 4.9 + 0.39 4.2 + 1.26*
(mmol/L)

Values are mean ± SD.
Significant difference was determined by Student’s t-test
* P<0.01 controls vs. cardiovascular patients (n=30)
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significantly increased (P<0.01) where as Na+-
K+-ATPase activity, serum sodium and potas-
sium levels were significantly decreased
(P<0.01) in cardiovascular patients as com-
pared to control subjects (Table-I).

Table-II represents the comparison of renal
patients with control subjects. Intra-erythro-
cyte and serum potassium levels were signifi-
cantly raised (P<0.01) while serum sodium and
Na+-K+-ATPase activity were significantly de-
creased (P<0.01) in renal patients as compared
to control subjects (Table-II). No significant
difference was observed in intra-erythrocyte
sodium concentrations of renal patients and
control subjects.

potassium concentrations in cardiovascular
and renal patients primarily due to impaired
Na+-K+-ATPase activity. The results also show
that alterations occur in erythrocyte and
plasma ionic environment in cardiovascular
and renal patients. Under physiological con-
ditions, the Na+-K+-ATPase pump is the prin-
cipal transporter, accounting for 1.4-2.0 mmol/
RBC/Hr. The Na+-K+-cotransport and sodium
leak pathway are each responsible for approxi-
mately 0.2 mmol/RBC/Hr. Most of the previ-
ous studies indicate that elevation of intracel-
lular sodium and potassium was associated
with a reduced activity of erythrocyte Na+-K+-
ATPase pump18, that also observed in this study
(Table I-II). Inhibition of Na+-K+-ATPase activ-
ity is the main factor as in most of the cardio-
vascular diseases, inhibited or reduced ATPase
activity has been observed. Various studies
have reported inhibition of Na+-K+-ATPase
activity during cardiovascular problems19-23.
The plasma sodium and potassium concentra-
tions were found to be decreased in cardiovas-
cular patients (Table-I). This has been indicated
by several previous investigators suggesting
that increased Na+-H+-exchanger activity
might be involved in this functional impair-
ment24. In spontaneously hypertensive rats,
increased functional sodium reabsorption and
blunted pressure natriuresis have been re-
ported25.

The decreased serum sodium and increased
serum potassium concentrations in renal pa-
tients (Table-II) have also been reported previ-
ously6, indicating that hyperkalemic state
might have developed from a shift of potas-
sium from intracellular to extracellular com-
partment or it could have been secondary to
decreased renal potassium excretion. This in-
creased potassium could also result from de-
creased renin production, which affects the
aldosterone synthesis due to adrenal defect,
which then would produce renal tubular secre-
tory defect leading to abnormal distribution of
potassium between intra and extracellular
compartments26.

Cardiovascular diseases especially ischemic
heart disease account for the majority of mor-

DISCUSSION

The dysregulation of chief electrolytes espe-
cially sodium, potassium and calcium has a
characteristic role in the cardiovascular and
renal diseases. The results from the presented
study expose the similar nature of ionic imbal-
ances as intra-erythrocyte sodium and potas-
sium levels were significantly increased and
Na+-K+-ATPase activity and serum sodium
level was significantly decreased in cardiovas-
cular as well as renal patients as compared to
control subjects (Table -I & II).

This study has shown altered sodium and
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Table-II: Intra-erythrocyte and serum
sodium and potassium concentrations
and Na+-K+-ATPase activity in control

subjects and renal patients

Control Renal
Patients

RBC Sodium 8.92 + 0.89 9.82 + 5.04
(mmol/L)
RBC Potassium 121.73 + 11.98 133.7 + 13.9*
 (mmol/L)
Na+-K+-ATPase 443.37 ± 282.03 28.85 ± 12.22*
(nm/mg/hr)
Serum Sodium 143.3 + 0.68 130.9 + 14.92*
 (mmol/L)
Serum Potassium 4.9 + 0.39 5.99 + 0.21*
(mmol/L)

Values are mean ± SD.
Significant difference was determined by Student’s t-test
* P<0.01, controls vs. cardiovascular patients (n=30)



bidity. It involves the atherosclerotic vascular
changes in the coronary circulation leading to
angina pectoris and myocardial infarction. It
has previously been suggested that higher so-
dium and potassium concentrations in hyper-
tensive patients are related to an elevated blood
pressure and an inappropriately high secretion
of aldosterone, which is a potent salt retaining
hormone27.

Kidneys are primary target of diabetes melli-
tus. In fact renal, failure is second only to myo-
cardial infarction as a cause of death from this
disease. The biochemical and structural alter-
ations responsible for renal vascular compli-
cations of diabetes mellitus, such as, diabetic
nephropathy are likely to be the result of com-
mon processes28. Diabetes raises the blood glu-
cose level by increasing the amount of glucose
in glomerular filtrate. Reabsorption of glucose
takes place by Na+-glucose cotransport mecha-
nism, increasing both sodium and glucose con-
centrations. This raised sodium level returns
to normal by pressure natriuresis because in
response to an acute increase in arterial pres-
sure there is a rapid natriuresis and diuresis
that occurs in the absence of a change in renal
blood flow or glomerular filtration rate29. The
results also suggest that there is a loss or dam-
age of major part of nephron due to which the
adrenal release of aldosterone is decreased,
which in turn reduces potassium secretion.
Therefore, decreasing plasma sodium and in-
creasing potassium concentrations were ob-
served. The decreased plasma sodium also
caused by an increased activity of adrenaline
stimulates the excretion of prostaglandins,
which causes increased excretion of sodium in
urine, and a further decrease in plasma sodium
level takes place. The principal function attrib-
uted to renal prostaglandins is modulation of
renal blood flow and electrolyte excretion, ac-
tivation of renin secretion and antagonism to
the antidiuretic action of vasopressin30.

The altered similar status of sodium and po-
tassium in patients of cardiovascular and re-
nal disorders suggested that abnormal plasma
and erythrocyte sodium and potassium levels
are possibly produced due to abnormal

physiochemical and structural condition of
heart muscles as well as kidneys. Further elu-
cidation of exact mechanism by which these
ionic disturbances occur for example the vari-
ous cation transport mechanisms, their kinet-
ics at the cellular level, the membrane abnor-
malities resulting in receptors modulation and
the secondary changes at the hormonal level
in normal and kidney patients may provide
new insights regarding the pathogenesis and
treatment of various kinds of cardiovascular
and renal disorders.
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