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Abstract

Background and objectives: Hridayarnava Rasa is traditionally used cardio tonic in Ayurveda. This drug was se-
lected for the evaluation of stabilization of erythrocyte membrane (EM) in high-fat diet induced atherosclerosis 
via rabbit model.

Methods: A total of 24 male white New Zealand rabbits were randomly divided into 6 groups (n = 4 each). Rabbits 
in group I were fed a standard pellet diet, those in group II rabbits a high-fat diet (HFD), those in groups III, IV and 
V increasing doses of H. Rasa and an HFD, and those in group VI an HFD diet plus Atorvastatin.

Results: There was a significant reduction in rabbit sodium/potassium adenosine triphosphatase (Na+/K+ ATPase) 
at 30 (58.51%), 60 (61.40%), and 90 (64.92%) days of an HFD diet compared to the control group. Upon treatment 
with H. Rasa, the activity of Na+/K+ ATPase in groups III, IV, and V increased at 30, 60 and 90 days, respectively, 
compared to HFD induced rabbits. The Na+ concentration also increased significantly in HFD-administered rabbits 
at 30, 60 and 90 days as compared to controls. Serum K+ concentration was reduced at days 30, 60 and 90 in the 
HFD group and was increased in group V as compared to the control group. These levels improved with H. Rasa 
treatment whereas the atorvastatin-treated group exhibited an improvement only between dose levels 2 and 3.

Conclusions: These results suggest that HFD diminishes EM stabilization in atherosclerosis whereas H. Rasa pro-
tects EM by maintaining the Na+/K+ ATPase activity through a Na+/K+ pump. In atherosclerosis, an HFD reduces EM sta-

bilization after administration of H. Rasa, which main-
tains Na+/K+ ATPase activity through a Na+/K+ pump.
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Introduction

Sodium/potassium adenosine triphosphatase (Na+/K+ ATPase) is 
expressed in almost all cells of higher organisms. This protein is 
heterodimeric and trans-membranal, and regulates ion homeostasis, 
substrate transport, neuronal signaling and muscle contraction.1 In 
addition to its inotropic effects, it acts as a signal transducer, which 
controls many cellular events.2 The P-type Na+/K+ ATPase is com-
posed of an active α-unit containing 10 trans-membrane segments 
(i.e. αM1-αM10), a sugar-rich auxiliary β-unit and a hydrophobic 
single membrane crossing protein γ-unit that regulates the entire 
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ionic gradient cell membrane.3
The primary catalytic unit present in various tissues has sev-

eral isoforms of binding units: α1 is present in nerves kidney and 
lung, α2 in heart and skeletal muscle, α3 in brain and α4 in the 
testis (especially in spermatozoa).4 The Na+/K+ ATPase in human 
erythrocytes is composed of the α1, α3, β1 and β3 isoforms,5 and 
regulates numerous erythrocyte functions. The physical and bio-
chemical properties of membranes are strongly controlled by the 
lipid composition and redox status of the environment. Changes 
in membrane fluidity have been shown to modify the activity of 
membrane-bound receptors, enzymes and ion-exchangers.6,7 Na+/
K+ ATPase activity is controlled by the microenvironment sur-
rounding the lipid, and therefore, modifications in membrane 
fluidity have an effect on the activity of this enzyme. Membrane 
fluidity and permeability affect ion transport due to changes in 
cholesterol and lipid fractions, thereby reducing the functional ef-
ficiency of the erythrocyte. These effects cause changes in mem-
brane elasticity and thus hinder the passage of erythrocytes through 
narrow capillaries. The lateral mobility of Na+/K+ ATPase can also 
be affected, which is important for cell function.8–11 Cholesterol 
molecules were recently shown to specifically bind to three dif-
ferent sites in the enzyme, as studied by X-ray crystallography on 
Na+/K+ ATPase.12,13 The activity of Na+/K+ ATPase is controlled 
by intracellular and extracellular ATP and Na+ concentrations. The 
affinity of Na+/K+ ATPase for Na+ and K+ appears to be modu-
lated by tissue-specific factors, such as the lipid composition of 
the membrane.4,14,15 It is estimated that roughly 25% of all cyto-
plasmic ATP is hydrolyzed by Na+ pumps in resting humans. In 
nerve cells, about 70% of ATP is consumed to fuel Na+ pumps. In 
erythrocytes, intrinsic K+ has been demonstrated to behave as a 
competitive inhibitor of intrinsic Na+ binding and an activator of 
maximal pump flux. Importantly, cholesterol deficiency amplifies 
each of these K+ effects. In the absence of internal K+, the reduc-
tion of cholesterol no longer has any effect on the enzyme.16 It has 
been suggested that biochemical and biophysical abnormalities of 
cell membranes17 may actively participate in the pathogenesis of 

hypertension.18 Furthermore, such abnormalities may be involved 
not only in vascular smooth muscle cells, but also in circulating 
blood cells.19 Reduced activity of Na+/K+ ATPase in erythrocyte 
membranes (EMs) and its inverse relationship with the lipid perox-
idation product also occur in cardiac and vascular smooth muscle 
cells taken from patients with prehypertension. Increased lipoper-
oxidation has been proposed as a cause of Na+/K+ ATPase reduc-
tion in EM.18 Lipid peroxidation directly alters membrane fluidity, 
an important feature for maintaining the optimal functioning of 
erythrocytes. Membrane fluidity affects the homeostatic control of 
erythrocytes, which in turn affects the passage of oxygen, water 
and ions such as Na+, K+ and Ca2+ through the membrane. This in 
turn facilitates a balance between the intracellular and extracellu-
lar media. These changes affect the kinetic parameters of the Na+/
K+ ATPase and modify the enzyme-substrate affinity.20 Increased 
lysosomal fragility can lead to the release of proteolytic enzymes 
that have been seen in other cells.

Hridayarnava Rasa, an Ayurvedic formulation composed of 
six constituents, including Terminalia chebula Retz., Terminalia 
bellerica (Gaertn) Roxb, Embelica officinallis Gaertn (Kasayam 
Vara), Copper (Tamra), Mercury (Suta) and Sulphur (Gandhaka). 
These constituents are processed in a Solanum nigrum Linn (Svar-
asam Kakamachi Rasa) decoction. As per Ayurveda, this medicine 
is used in the treatment of cardiac disorders. H. Rasa can also be 
used to treat several diseases associated with Angina Pectoris (Hrid-
shoola).21 Tamra bhasma is an important component of H. Rasa that 
is used in the treatment of various ailments.22,23 Atherosclerosis and 
hypertension are directly related to the reduced status of Na+/K+ 
ATPase activity.24 The antihyperlipidemic and antioxidant with anti-
obesity activity of T. bhasma has also been reported.25,26 Data on the 
role of H. Rasa, Na+/K+ ATPase and ion transport in EM have yet to 
be studied. Therefore, the aim of the present study is to evaluate the 
correlation between the cholesterol-lowering agent H. Rasa on EM 
Na+/K+ ATPase activity in rabbits with high-fat diet (HFD)-induced 
atherosclerosis23 (Fig. 1). This study also investigated the dose-and 
time-dependent activity of H. Rasa.

Fig. 1. Possible mechanism of action of Hridayarnava Rasa on changes of erythrocyte membrane in experimental rabbits. Na+/K+ ATPase, sodium/potas-
sium adenosine triphosphatase. 
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Methods

Male New Zealand white rabbits were purchased from Biogen Labo-
ratory Animal Facility, Bangalore, Karnataka and adapted to labora-
tory conditions for 7 days before use. The average body weight of 
rabbits ranged from 1.9 to 2.2 kg, which were fed rabbit pellet feed 
and reverse osmosis water ad libitum. The variation in body weight of 
animals upon randomization did not exceed ±20% of the mean body 
weight. Temperature and relative humidity (RH) were maintained at 
22±2°C and 40 to 60% RH respectively. Illumination was controlled 
by a light/dark cycle of approximately 12/12 h. Each rabbit was indi-
vidually housed in its own rabbit cage. This study was approved by In-
stitutional Animal Ethics Committee (IAEC/CSMRADDI/17/2017). 
An atherogenic diet27 consisted of 1% cholesterol, 5% egg yolk, 
5% lard and 89% normal diet. H. Rasa, an Ayurvedic drug (Batch 
No. 191248; (MFG. LIC. Number: 1/25D/76; Date of Manufacture: 
03/2018 and Date of Expiry: 02/2023) was procured from Arya vaid-
ya sala, Kottakkal, Kerala, India and was kept under a temperature of 
25 ± 3°C and humidity of 52 ± 10% RH until the experiments were 
completed. An acute oral toxicity study on H. Rasa was performed 
as per the OECD 423 guideline. No remarkable toxicity was found.

Experimental design

A total of 24 rabbits were randomly divided into 6 groups of 4 
rabbits. Briefly, Group I rabbits were fed with standard pellet diet, 
Group II rabbits with HFD, Group II rabbits with HFD + H. Rasa 
(10.27 mg/kg.b.wt/p.o.) Group IV rabbits with HFD + H. Rasa 
(20.53 mg/kg.b.wt./p.o), Group V rabbits with HFD + H. Rasa 
(41.07 mg/kg.b.wt/p.o), and Group VI-rabbits with HFD + atorv-
astatin (0.513 mg/kg.b.wt/p.o). The drug and vehicle were admin-
istered daily by oral (gavage) for up to 90 days.

Isolation of erythrocyte membrane and estimation of Na+/K+ 
ATPase

At the end of 30, 60 and 90 days of the diet, blood was collected 
from the saphenous vein of rabbit under thiopental sodium anes-
thesia. Blood was collected in heparin tubes, plasma was separated, 
and red blood cell pellet was subjected to erythrocytes membrane 
isolation using a standard procedure.28 Na+/K+ ATPase was also 
estimated using a standard procedure.29,30 Briefly, two sets of test 
tubes were marked as test and the other as control and were filled 
with membrane samples. A total of 1.0 mL of Tris-HCl buffer (90 
mM, pH 7.5), 0.2 mL of MgSO4 (500 mM), NaCl (600 mM), KCl 
(50 mM), EDTA (1 mM), ATP (40 mM) were added to each tube. 
The tubes were incubated at 37°C for 15 min and the reaction was 
arrested by adding 1.0 mL of TCA (10%). A total of 0.2 mL of the 
membrane preparation was added to the control tubes. The phos-
phorus content in the supernatant was estimated by the method of 
Fiske and Subbarrow.31 Membrane proteins were then estimated,32 
with enzyme activity in the erythrocyte membrane expressed as 
µmoles of Pi liberated/hr/mg protein. Serum was used for the esti-
mation of Na+ and K+ using a semi-automated analyzer.

Histopathology

The liver, heart, aorta, kidney and spleen were harvested on the 
91st day of diet and were subjected to histopathological evaluation 
using hematoxylin and eosin staining.

Statistical analysis

Statistical analysis was performed using the Graph Pad Prism soft-
ware, version 8.4. All values are expressed as the mean ± SD (n 
= 4). A one-way analysis of variance was used to compare group 
means with Turkey’s test to correct for multiple comparisons. A 
p-value<0.05 was considered statistically significant.

Results

ATPases are membrane-bound enzymatic proteins that are sensi-
tive to changes in membrane lipid composition. An increase in the 
amount of cholesterol in plasma membranes leads to a decrease 
in the activity of ATPases. Erythrocytes are unique among mam-
malian cells and the red cell membrane has been provided with 
several receptor activities. The Na+/K+ ATPase activity at different 
time intervals of treatment in the EM of the control and drug treat-
ment groups being fed with different doses of H. Rasa is depicted 
in Figure 2. The activity of Na+/K+ ATPase was significantly re-
duced in group II-IV (p<0.0001) at 30, 60 and 90 days and group 
VI (p<0.05) at 90 days compared to group I. The activity of group 
V was significantly increased at 30 (p<0.001), 60 (p<0.0001) 
and 90 (p<0.0001) days, as was that of group VI at 30, 60 and 90 
(p<0.001) days of treatment compared to group II. The level of 
Na+/K+ ATPase was also significantly increased in group V at 30 
(p<0.05), 60 (p<0.05) and 90 (p<0.01) days of treatment compared 
to group III.

The level of Na+ in the serum of the control and drug-treated 
groups being treated with different doses of H. Rasa and at dif-
ferent time intervals of treatment is shown in Figure 3. The Na+ 
level was significantly increased in group II at 30 (p<0.05), 60 
(p<0.001) and 90 (p<0.0001) days, and in group III (p<0.01) and 
VI (p<0.001) at 90 days compared with group I. The level of Na+ 
was also significantly reduced in group III at 90 days (p<0.01), 
group IV at 60 (p<0.01) and 90 (p<0.0001) days, group V at 30 
(p<0.05), 60 (p<0.001), and 90 days (p<0.0001), and group VI 
(p<0.01) compared to group II at 90 days. There was also a sig-
nificant reduction in group V (p<0.05) at 60 of 90 days compared 
to group III.

The serum potassium level of the control and drug-treated 
groups at different doses of H. Rasa and at different time intervals 
of treatment is shown in Figure 4. The K+ level was significantly 
reduced in group II (p<0.001) at 30, 60 and 90 days, in group III 
and IV at 60 (p<0.01) and 90 (p<0.001) days, in group IV (p<0.05) 
at 30 and 60 days and in group VI (p<0.01) at 30, 60 and 90 days 
compared to group I. The K+ level was significantly increased in 
group IV at days 60 and 90 (p<0.01), in group V at 30 (p<0.01), 60 
and 90 (p<0.001) days and in group VI at 90 (p<0.05) days com-
pared with group II. There was also a significant increase in group 
V (p<0.05) at 60 of 90 days compared to group III.

Discussion

The EM consists of two domains, a lipid bilayer and a cytoskel-
eton. The lipid domain exhibits structural similarity in almost all 
mammalian cells. The erythrocyte carries oxygen and is exposed 
to a wide range of substances dissolved in blood plasma, and is 
particularly vulnerable to oxidative damage. The effect of those 
oxidative stresses depends on the compounds involved, their con-
centration, and the metabolic capabilities of the erythrocyte.33 In 
the present study, Na+/K+ ATPase was significantly reduced at 30, 
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60 and 90 days of HFD-induced rabbits. Hypercholesterolemia can 
lead to reduced denaturation of red blood cells, which impairs their 
hemorrhagic behavior and promotes atherosclerosis.34 The trans-
port of cations and anions through the membrane is regulated by a 
number of enzymes, including Na+/K+ ATPase, Ca2+ ATPase, Na+/
Ca2+ exchanger, Na+/K+/Cl− co-transporter and H+ ATPase.35–37 
Na+/K+ ATPase is an important protein that regulates the cellular 
volume of erythrocytes, which in turn protects hemolysis and has 
a major effect on the deformability of erythrocytes. These tolerate 

blood pressure and allow passage through narrow vessels and are 
thus important factors for erythrocyte viability.38

The viscosity and stiffness of EMs are elevated in hypertensive 
rats18 and in patients with essential hypertension.39 The EM flu-
idity depends on Na+/K+ ATPase activity18 and may suggest that 
early damage in cell membranes leads to further complications, 
such as decreased erythrocyte Na+/K+ ATPase activity and the 
development of hypertension. In addition, changes in antioxidant 
status and increased lipoperoxidation have also been proposed to 

Fig. 3. Status of Sodium in serum of experimental groups. Gp I-Control; Gp II-Disease Control; Gp III-Dose 1; Gp IV-Dose 2; Gp V-Dose 3; Gp VI-Standard 
drug. Values are expressed as mean ± SD of 4 rabbits; *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001; NS-Non significant. $Statistical analysis of one way 
ANOVA was used to compare results with group I. #Statistical analysis of one way ANOVA was used to compare results with group II. @Statistical analysis of 
one way ANOVA was used to compare results of group IV and V with group III. 

Fig. 2. Status of Na+/K+ATPases in erythrocyte membrane of experimental groups.  (Gp I-Control; Gp II-Disease Control; Gp III-Dose 1; Gp IV-Dose 2; Gp 
V-Dose 3; Gp VI-Standard drug). Values are expressed as mean ± SD of 4 rabbits; *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001;NS-Non significant. $Statisti-
cal analysis of one way ANOVA was used to compare results with group I. #Statistical analysis of one way ANOVA was used to compare results with group II. 
@Statistical analysis of one way ANOVA was used to compare results of group IV and V with group III HFD, high-fat diet; Na+/K+ ATPase, sodium/potassium 
adenosine triphosphatase.
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be a reason for the reduction in Na+/K+ ATPase activity in EM.39 
The current work suggests that the drastic reduction in Na+/K+ AT-
Pase activity at 30 (2.41 fold), 60 (2.59 fold), and 90 (2.85 fold) 
days in HFD-induced rabbits may be one of the pathophysiological 
aspects associated with atherosclerotic status. Changes in intracel-
lular Na+ and K+ levels were also related to the reduced activity of 
the erythrocyte Na+/K+ ATPase.40

There was a significant reduction in Na+/K+ ATPase at days 30 
(58.51%), 60 (61.40 %), and 90 (64.92 %) in HFD-induced rabbits 
compared to the control group. Since Na+/K+ ATPase is essential 
for maintaining various cellular functions, its inhibition can result 
in a variety of pathological conditions. The association between 
cardiovascular risk factors and Na+/K+ ATPase activity in diabetes 
patients leads to cardiovascular complications. While studies have 
shown that the concentration of total Na+/K+ ATPase is 40% lower 
in heart failure patients,41 our present result showed a reduction 
of 64.92 % at 90 days after atherosclerosis induction. Decreased 
Na+/K+ ATPase activity is strongly associated with a reduction in 
lecithin cholesterol acetyl transferase.42 The ATPase of Na+/K+ in 
the EM has been shown to be inhibited by cholesterol in vitro,43 a 
concept that was related to our previous study.44 An inverse cor-
relation between EM Na+/K+ ATPase activity and polyunsaturated 
fatty acid levels has also been reported.45 Na+/K+ ATPase is an im-
portant scaffolding protein that can interact with signaling proteins 
such as protein kinase C and phosphoinositide-3-kinase.46

The Na+ concentration was increased by 21.77%; 30.47% and 
46.48% in HFD-induced rabbits at 30, 60 and 90 days of the diet, 
respectively, and may be due to the presence of Na+ in the serum 
and extracellular fluids. The concentration of Na+ is maintained 
within a narrow range by osmoregulation, and notably, serum Na+ 
is positively associated with the risk of coronary heart disease.47 
Increased extracellular Na+, even within physiological limits, is 
accompanied by vascular changes that facilitate the development 
of atherosclerosis.

Serum K+ levels were reduced in the HFD-induced group at 
30 (58.88%), 60 (56.82%) and 90 (53.75%) days compared to the 
control group, which can be attributed to the Na+/K+ pump main-

taining intracellular K+ within the cell. The concentration gradient 
of Na+ and K+ ions mainly depends on the action of membrane-
bound enzymes of the cell. Due to peroxidation of membrane li-
pids, the osmatic stability of electrolytes in the divalent metal Ca2+ 
changes. The risk factors for the shortened existence of electro-
lytes and the reduced denaturation may be closely related to the 
inhibition of membrane-bound ATPase. Aging has been shown to 
cause oxidative damage, balance the antioxidant system and stimu-
late metabolism of oxidative products. Therefore, T. chebula may 
act as a potent drug to prevent age-related degenerative diseases 
and improve general health. Atherosclerosis is an age-related dis-
order and is associated with many oxidative stress factors that are 
directly linked to the reduced ATPase activity and K+ transport that 
can cause membrane changes in red blood cells. These changes can 
be more damaging to the cell and are more attributable to hemoly-
sis than hemoglobin denaturation. Upon treatment with H. Rasa, 
Na+/K+ ATPase activity improved in group III (15.06%; 21.80%; 
34.41%), IV (24.08%; 35.13%; 48.23%) and V (46.91%; 52.24%; 
61.60%) at 30, 60 and 90 days, respectively, when compared to 
HFD-induced rabbits. Na+ concentration was reduced at 30, 60 and 
90 days of diet in group III (6.70%; 11.10%; 23.52%), IV (19.86%; 
26.81%; 39.11%) and V (28.47%; 33.93%; 45.92%) when com-
pared to the HFD-administered group. The K+ concentration grad-
ually increased in group III (5.63%; 5.24%; 4.91%), IV (24.41%; 
26.64%; 30.19%) and V (47.89%; 59.83%; 66.79%) at 30, 60 and 
90 days of diet, respectively. The administration of H. Rasa sig-
nificantly increased the activity of this enzyme, and may be due to 
the properties of T. chebula (a component of H. Rasa). T. chebula 
acts as a reducing agent, and in turn helps to maintain the mem-
brane thiol which is essential for the activity of Na+/K+ ATPase in 
the reduced state. These results suggest that T. chebula is highly 
protective against disease. The other ingredient present in H. Rasa 
is T. bellerica Roxb, which has been shown in several studies to 
have anti-hypercholesterolemia activities.48 The other vital con-
stituent of H. Rasa is E. officinalis, which is a potent anti-oxidant 
and also prevents lipoperoxidation.48 An increased lipoperoxida-
tion and poor antioxidant status are major factors for decreasing 

Fig. 4. Status of Potassium in serum of experimental groups. Gp I-Control; Gp II-Disease Control; Gp III-Dose 1; Gp IV-Dose 2; Gp V-Dose 3; Gp VI-Standard 
drug. Values are expressed as mean ± SD of 4 rabbits; *p < 0.05; **p < 0.01; ***p < 0.001; NS-Non significant. $Statistical analysis of one way ANOVA was used 
to compare results with group I. #Statistical analysis of one way ANOVA was used to compare results with group II. @Statistical analysis of one way ANOVA 
was used to compare results of group IV and V with group III 
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Fig. 5. Histopathological findings of major organs in control and high dose of H. Rasa treated groups (10 × 10X). 
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Na+/K+ ATPase activity.49 Na+/K+ ATPase activity was improved 
in the groups administered with the middle (IV) (10.62%; 17.04%; 
21.07%) and highest (V) dose (37.50%; 38.92%; 41.46%) of H. 
Rasa at 30, 60 and 90 days of diet, respectively, when compared 
to the lowest dose group (III). The Na+ concentration in the mid-
dle (IV) (14.10%; 26.81%; 39.11%) and high dose (V) (23.33%; 
25.68%; 29.30%) groups, and the K+ concentration in the middle 
(IV) (17.78%; 20.33%; 24.10%) and high (V) (18.87%; 26.21%; 
28.12%) dose groups were improved at 30, 60 and 90 days, re-
spectively. The Na+ concentration was reduced at 30 (6.70%), 60 
(6.70%), and 90 (6.70%) days in group VI, and the K+ concentra-
tion was increased at 30 (16.43%), 60 (28.82%), and 90 (38.11%) 
days in group VI compared to group II. The major phenolic con-
stituents and potent anti-oxidants of H. Rasa are gallic acid and 
its derivatives, chebulagic acid, tannins such as emblicanin A and 
B, flavonoids such as quercetin, alkaloids and free radical scaven-
gers.50–52 These phytoconstituents protect erythrocytes from free 
radical damage and maintain the Na+/K+ ATPase activity and Na+ 
and K+ concentrations, resulting in membrane fluidity. We studied 
the effects of different doses of H. Rasa at different time intervals 
on Na+/K+ ATPase activity in rats. We found that erythrocytes were 
protected in a dose- and time-dependent manner.

The commercially available anti-hypertensive drug, atorvastatin 
was used as a standard drug candidate to compare with the efficacy 
of H. Rasa in atherosclerosis-induced rabbits. Na+/K+ ATPase ac-
tivity was increased at 30 (44.76%), 60 (47.33%) and 90 (49.90%) 
days of diet when compared to HFD-induced rabbits. Comparing 
the levels of Na+/K+ ATPase (statin-treated group) with different 
doses of H. Rasa, the activity was found to lie between the middle 
and high doses of H. Rasa in the present study. By contrast, the 
concentration of Na+ and K+ were closest to the lowest dose of H. 
Rasa. This may be due to increased endothelial production of nitric 
oxide (NO), which is controlled by statin and is involved in the 
upregulation of endothelial NO synthase activity.53 This effect may 
be potentiated by the simultaneous inhibition of the protein with 
reduced endothelial NO synthase mRNA degradation and, thus, 
increased NO bioavailability.54 In addition, NO acts as a powerful 
free radical scavenger, and statins inhibit the production of reactive 
oxygen species such as superoxide anion and hydroxyl radicals.55 
Group VI of the present study that Na+/K+ ATPase can protect and 
normalize the electrolyte balance in cells of statins when adminis-
tered simultaneously with HFD in rabbits. When we analyzed the 
plasma and tissue concentration of mercury, copper and sulfides 
by ICP-OES after 90 days of treatment, we found that there was no 
detectable limit of the above metals in the plasma or various organs 
such as heart, aorta, spleen, liver, kidney, etc. (Data not shown). To 
support this statement, we also studied the histopathology of major 
organs, which showed that normal or near-normal histological ar-
chitecture was found in the control group and the high-dose of H. 
Rasa-treated group (Fig. 5).

Clinical significance

In atherosclerosis, HFD reduces EM stabilization after being ad-
ministered with H. Rasa, an Ayurvedic polyherbo-metalo-mineral 
drug. This agent protects EM by maintaining Na+/K+ ATPase ac-
tivity through the Na+/K+ pump.

Limitations

Membranes play an important role in the maintenance of cell flu-

idity and integrity. This study investigated the role of H. Rasa on 
membrane stabilization through Na+/K+ ATPases. More research is 
needed to evaluate the potential uses of H. Rasa on the protection 
of erythrocytes.

Future directions

Hyperlipidemia is closely associated with atherosclerosis and in-
creasing evidence suggests that erythrocytes may participate in 
atherogenesis. The increased generation of reactive oxygen species 
occurs in atherosclerosis and may be responsible for the increased 
oxidative injury to the erythrocyte membrane in the atherosclerotic 
condition. Therefore, we studied the effects of H. Rasa, an ayur-
vedic formulation, on erythrocyte membrane stabilization through 
Na+/K+ ATPase activity. Data on the role of H. Rasa, Na+/K+ AT-
Pase and ion transport in EM have yet to be studied. However, the 
aim of the present study was to evaluate the correlation between 
the cholesterol-lowering agent H. Rasa and EM Na+/K+ ATPase 
activity in rabbits with HFD-induced atherosclerosis. This study 
also focused on the dose- and time-dependent activity of H. Rasa. 
The commercially available anti-hypertensive drug, atorvastatin 
was used as a standard drug candidate to compare with the effi-
cacy of H. Rasa in atherosclerosis-induced rabbits. Based on the 
preliminary results of this study, we speculate that H. rasa is a 
potential drug candidate for the treatment of atherosclerosis. In ad-
dition, to ensure its potential efficacy, additional research is needed 
to study the mechanism of action of H. Rasa.

Conclusions

These results suggest that HFD markedly reduces EM stabilization 
in atherosclerosis whereas H. Rasa protects EM by maintaining 
Na+/K+ ATPase activity through the Na+/K+ pump.

Acknowledgments

Histopathology study was supported by Dr. Srirung Jamadagni, 
Research Officer, (Pathology) in Regional Ayurveda Institute for 
Fundamental Research, CCRAS, M/o AYUSH, Pune, India.

Funding

The authors express their gratitude to the Director General, CCRAS 
for the financial support under the Intra Mural Research Scheme 
(No.3-17/2017-CCRAS/Admin/IMR/AM/3817, dated 23rd March 
2018).

Conflict of interest

The authors declare that there is no conflict of interest.

Author contributions

Objective, study design and write-up of the manuscript (CS), rabbit 
handling, blood collection and maintenance (AR), critical review 

https://doi.org/10.14218/JERP.2021.00041


DOI: 10.14218/JERP.2021.00041  |  Volume 7 Issue 2, June 2022102

Chitra S. et al: H. Rasa on erythrocyte membrane stabilizationJ Explor Res Pharmacol

and suggestions (SG, IR); drug administration, experimentation 
and animal maintenance throughout the study (SDV); statistical 
analysis and editing of the manuscript (MKG).

Ethical statement

All procedures involving animals were reviewed and approved by 
the Institutional Animal Ethics Committee of Captain Srinivasa 
Murthy Central Ayurveda Research Institute, Chennai (IAEC/
CSMRADDI/17/2017).

Data sharing statement

Any data related to this paper is available with corresponding au-
thor at chiresh2006@gmail.com.

References

[1] Wang HY, O’Doherty GA. Modulators of Na/K-ATPase: a patent review. 
Expert Opin Ther Pat 2012;22(6):587–605. doi:10.1517/13543776.201
2.690033, PMID:22595010.

[2] Rocafull MA, Thomas LE, del Castillo JR. The second sodium pump: 
from the function to the gene. Pflugers Arch 2012;463(6):755–777. 
doi:10.1007/s00424-012-1101-3, PMID:22543357.

[3] Suhail M. Na, K-ATPase: Ubiquitous Multifunctional Transmembrane 
Protein and its Relevance to Various Pathophysiological Conditions. 
J Clin Med Res 2010;2(1):1–17. doi:10.4021/jocmr2010.02.263w, 
PMID:22457695.

[4] Kaplan JH. Biochemistry of Na, K-ATPase. Annu Rev Biochem 2002;71: 
511–535. doi:10.1146/annurev.biochem.71.102201.141218, PMID:1 
2045105.

[5] Clausen MV, Hilbers F, Poulsen H. The Structure and Function of the 
Na, K-ATPase Isoforms in Health and Disease. Front Physiol 2017;8:371. 
doi:10.3389/fphys.2017.00371, PMID:28634454.

[6] Halliwell B, Gutteridge JM. Oxygen free radicals and iron in relation 
to biology and medicine: some problems and concepts. Arch Biochem 
Biophys 1986;246(2):501–514. doi:10.1016/0003-9861(86)90305-x, 
PMID:3010861.

[7] Maridonneau I, Braquet P, Garay RP. Na+ and K+ transport damage 
induced by oxygen free radicals in human red cell membranes. J Biol 
Chem 1983;258(5):3107–13. PMID:6298224.

[8] de Lima Santos H, Lopes ML, Maggio B, Ciancaglini P. Na, K-ATPase 
reconstituted in liposomes: effects of lipid composition on hydro-
lytic activity and enzyme orientation. Colloids Surf B Biointerfaces 
2005;41(4):239–248. doi:10.1016/j.colsurfb.2004.12.013, PMID:1574 
8819.

[9] Cluitmans JC, Hardeman MR, Dinkla S, Brock R, Bosman GJ. Red blood 
cell deformability during storage: towards functional proteomics 
and metabolomics in the Blood Bank. Blood Transfus 2012;10(Suppl 
2):s12–s18. doi:10.2450/2012.004S, PMID:22890263.

[10] Esmann M, Marsh D. Lipid-protein interactions with the Na, K-AT-
Pase. Chem Phys Lipids 2006;141(1-2):94–104. doi:10.1016/j.chemp-
hyslip.2006.02.018, PMID:16580658.

[11] Rodrigo R, Bächler JP, Araya J, Prat H, Passalacqua W. Relationship be-
tween (Na + K)-ATPase activity, lipid peroxidation and fatty acid pro-
file in erythrocytes of hypertensive and normotensive subjects. Mol 
Cell Biochem 2007;303(1-2):73–81. doi:10.1007/s11010-007-9457-y, 
PMID:17410406.

[12] Ogawa H, Shinoda T, Cornelius F, Toyoshima C. Crystal structure of 
the sodium-potassium pump (Na+, K+-ATPase) with bound potassium 
and ouabain. Proc Natl Acad Sci U S A 2009;106(33):13742–13747. 
doi:10.1073/pnas.0907054106, PMID:19666591.

[13] Morth JP, Pedersen BP, Toustrup-Jensen MS, Sørensen TL, Petersen J, An-
dersen JP, et al. Crystal structure of the sodium-potassium pump. Nature 
2007;450(7172):1043–1049. doi:10.1038/nature06419, PMID:18075 

585.
[14] Else PL, Wu BJ. What role for membranes in determining the higher so-

dium pump molecular activity of mammals compared to ectotherms? J 
Comp Physiol B 1999;169(4-5):296–302. doi:10.1007/s003600050224, 
PMID:10466220.

[15] Cornelius F. Modulation of Na,K-ATPase and Na-ATPase activity by 
phospholipids and cholesterol. I. Steady-state kinetics. Biochemistry 
2001;40(30):8842–8851. doi:10.1021/bi010541g, PMID:11467945.

[16] Claret M, Garay R, Giraud F. The effect of membrane cholesterol 
on the sodium pump in red blood cells. J Physiol 1978;274:247–63. 
doi:10.1113/jphysiol.1978.sp012145, PMID:624995.

[17] Kisters K, Krefting ER, Hausberg M, Kohnert KD, Honig A, Bettin D. Im-
portance of decreased intracellular phosphate and magnesium con-
centrations and reduced ATPase activities in spontaneously hyperten-
sive rats. Magnes Res 2000;13(3):183–188. PMID:11008925.

[18] Tsuda K, Nishio I, Masuyama Y. The role of sodium-potassium adeno-
sine triphosphatase in the regulation of membrane fluidity of eryth-
rocytes in spontaneously hypertensive rats: an electron paramagnetic 
resonance investigation. Am J Hypertens 1997;10(12 Pt 1):1411–1414. 
doi:10.1016/s0895-7061(97)00365-8, PMID:9443778.

[19] Khalil-Manesh F, Venkataraman K, Samant DR, Gadgil UG. Effects of 
diltiazem on cation transport across erythrocyte membranes of hy-
pertensive humans. Hypertension 1987;9(1):18–23. doi:10.1161/01.
hyp.9.1.18, PMID:2432009.

[20]	 Vasić	 V,	 Momić	 T,	 Petković	 M,	 Krstić	 D.	 Na+,K+-ATPase as the tar-
get enzyme for organic and inorganic compounds. Sensors (Basel) 
2008;8(12):8321–8360. doi:10.3390/s8128321, PMID:27873990.

[21] Manisha D, Saxena GK. Clinical trial of hridayarnava rasa on hridshoola 
(angina pectoris). Int Ayu Med J 2015;3(2):1–5.

[22] Jagtap CY, Nariya MB, Shukla VJ, Prajapati PK. Comparative antihyper-
lipidemic activity of Hridayarnava rasa prepared from two samples of 
Tamra bhasma in wistar albino rats. J Res Tradit Med 2018;4(3-4):88–
96. doi:10.5455/jrtm.2018/2112.

[23] Chaudhari SY, Nariya MB, Ruknuddin G, Prajapati PK, Hazra J. Antihy-
perlipidemic activity of Hridayarnava Rasa (an Ayurvedicherbo-meta-
lo-mineral formulation) in Charles Foster albino rats. J Curr Res Sci Med 
2018;4:52–57. doi:10.4103/jcrsm.jcrsm_68_17.

[24]	 Torkhovskaia	TI,	Khodzhakuliev	BG,	Khalilov	EM,	Kasatkina	LV,	Polesskiĭ	
VA. Na+, K+-ATPase activity and cholesterol content in erythrocyte 
membranes of patients with coronary atherosclerosis in various forms 
of dyslipoproteinemia. Vopr Med Khim 1983;29(5):69–73. PMID:631 
6664.

[25] Jagtap CY, Ashok BK, Patgiri BJ, Prajapati PK, Ravishankar B. Compara-
tive anti-hyperlipidemic activity of Tamra Bhasma (incinerated copper) 
prepared from (purified) and Ashodhita Tamra (raw copper). Ind J Nat 
Prod Resour 2013;4(2):205–211.

[26] Kulkarni DA. Chapter 5, Verse 46 & 53, Hindi commentary. Vagbhat-
tacharya, Rasaratna Samuchchaya. New Delhi: Meharchand Laxman-
das publication. 1998:101.

[27] Liang SN, Xu K, Zhong HS. Establishment of Rabbit Abdominal Aortic 
Atherosclerosis Model by Pancreatic Elastase Infiltration Associated 
with High Fat Diet. Acta Cardiol Sin 2015;31(5):406–413. doi:10.6515/
ACS20141027C, PMID:27122900.

[28] Dodge JT, Mitchell C, Hanahan DJ. The preparation and chemical char-
acteristics of hemoglobin-free ghosts of human erythrocytes. Arch Bio-
chem Biophys 1963;100:119–130. doi:10.1016/0003-9861(63)90042-
0, PMID:14028302.

[29]	 Chitra	 S,	 Shyamaladevi	 CS.	 Modulatory	 action	 of	 α-tocopherol	 on	
erythrocyte membrane adenosine triphosphatase against radiation 
damage in oral cancer. J Membr Biol 2011;240(2):83–88. doi:10.1007/
s00232-011-9346-x, PMID:21327633.

[30] Bonting SL, Caravaggio LL, Hawkins NM. Studies on sodium-potassi-
um-activated adenosinetriphosphatase. IV. Correlation with cation 
transport sensitive to cardiac glycosides. Arch Biochem Biophys 1962; 
98(3):413–419. doi:10.1016/0003-9861(62)90206-0.

[31] Fiske CH, Subbarow Y. The colorimetric determination of phosphorus. 
J Biol Chem 1925;26:375–400. doi:10.1016/S0021-9258(18)84756-1.

[32] Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein measurement 
with the Folin phenol reagent. J Biol Chem 1951;193(1):265–275. 
doi:10.1016/S0021-9258(19)52451-6.

[33] Smith JE. Erythrocyte membrane: structure, function, and patho-

https://doi.org/10.14218/JERP.2021.00041
mailto:chiresh2006@gmail.com
https://doi.org/10.1517/13543776.2012.690033
https://doi.org/10.1517/13543776.2012.690033
http://www.ncbi.nlm.nih.gov/pubmed/22595010
https://doi.org/10.1007/s00424-012-1101-3
http://www.ncbi.nlm.nih.gov/pubmed/22543357
https://doi.org/10.4021/jocmr2010.02.263w
http://www.ncbi.nlm.nih.gov/pubmed/22457695
https://doi.org/10.1146/annurev.biochem.71.102201.141218
http://www.ncbi.nlm.nih.gov/pubmed/12045105
http://www.ncbi.nlm.nih.gov/pubmed/12045105
https://doi.org/10.3389/fphys.2017.00371
http://www.ncbi.nlm.nih.gov/pubmed/28634454
https://doi.org/10.1016/0003-9861(86)90305-x
http://www.ncbi.nlm.nih.gov/pubmed/3010861
http://www.ncbi.nlm.nih.gov/pubmed/6298224
https://doi.org/10.1016/j.colsurfb.2004.12.013
http://www.ncbi.nlm.nih.gov/pubmed/15748819
http://www.ncbi.nlm.nih.gov/pubmed/15748819
https://doi.org/10.2450/2012.004S
http://www.ncbi.nlm.nih.gov/pubmed/22890263
https://doi.org/10.1016/j.chemphyslip.2006.02.018
https://doi.org/10.1016/j.chemphyslip.2006.02.018
http://www.ncbi.nlm.nih.gov/pubmed/16580658
https://doi.org/10.1007/s11010-007-9457-y
http://www.ncbi.nlm.nih.gov/pubmed/17410406
https://doi.org/10.1073/pnas.0907054106
http://www.ncbi.nlm.nih.gov/pubmed/19666591
https://doi.org/10.1038/nature06419
http://www.ncbi.nlm.nih.gov/pubmed/18075585
http://www.ncbi.nlm.nih.gov/pubmed/18075585
https://doi.org/10.1007/s003600050224
http://www.ncbi.nlm.nih.gov/pubmed/10466220
https://doi.org/10.1021/bi010541g
http://www.ncbi.nlm.nih.gov/pubmed/11467945
https://doi.org/10.1113/jphysiol.1978.sp012145
http://www.ncbi.nlm.nih.gov/pubmed/624995
http://www.ncbi.nlm.nih.gov/pubmed/11008925
https://doi.org/10.1016/s0895-7061(97)00365-8
http://www.ncbi.nlm.nih.gov/pubmed/9443778
https://doi.org/10.1161/01.hyp.9.1.18
https://doi.org/10.1161/01.hyp.9.1.18
http://www.ncbi.nlm.nih.gov/pubmed/2432009
https://doi.org/10.3390/s8128321
http://www.ncbi.nlm.nih.gov/pubmed/27873990
https://doi.org/10.5455/jrtm.2018/2112
http://doi.org/10.4103/jcrsm.jcrsm_68_17
http://www.ncbi.nlm.nih.gov/pubmed/6316664
http://www.ncbi.nlm.nih.gov/pubmed/6316664
https://doi.org/10.6515/ACS20141027C
https://doi.org/10.6515/ACS20141027C
http://www.ncbi.nlm.nih.gov/pubmed/27122900
https://doi.org/10.1016/0003-9861(63)90042-0
https://doi.org/10.1016/0003-9861(63)90042-0
http://www.ncbi.nlm.nih.gov/pubmed/14028302
https://doi.org/10.1007/s00232-011-9346-x
https://doi.org/10.1007/s00232-011-9346-x
http://www.ncbi.nlm.nih.gov/pubmed/21327633
https://doi.org/10.1016/0003-9861(62)90206-0
https://doi.org/10.1016/S0021-9258(18)84756-1
https://doi.org/10.1016/S0021-9258(19)52451-6


DOI: 10.14218/JERP.2021.00041  |  Volume 7 Issue 2, June 2022 103

Chitra S. et al: H. Rasa on erythrocyte membrane stabilization J Explor Res Pharmacol

physiology. Vet Pathol 1987;24(6):471–476. doi:10.1177/0300985 
88702400601, PMID:3331858.

[34] Koter M, Franiak I, Strychalska K, Broncel M, Chojnowska-Jezierska 
J. Damage to the structure of erythrocyte plasma membranes in 
patients with type-2 hypercholesterolemia. Int J Biochem Cell Biol 
2004;36(2):205–215. doi:10.1016/s1357-2725(03)00195-x, PMID:1464 
3886.

[35] Delaunay J. The molecular basis of hereditary red cell membrane dis-
orders. Blood Rev 2007;21(1):1–20. doi:10.1016/j.blre.2006.03.005, 
PMID:16730867.

[36] Sarkadi B, Parker JC. Activation of ion transport pathways by chang-
es in cell volume. Biochim Biophys Acta 1991;1071(4):407–27. doi: 
10.1016/0304-4157(91)90005-h, PMID:1721542.

[37] Bogdanova A, Berenbrink M, Nikinmaa M. Oxygen-dependent ion 
transport in erythrocytes. Acta Physiol (Oxf) 2009;195(3):305–319. 
doi:10.1111/j.1748-1716.2008.01934.x, PMID:18983458.

[38] Pretorius E, Kell DB. Diagnostic morphology: biophysical indicators for 
iron-driven inflammatory diseases. Integr Biol (Camb) 2014;6(5):486–
510. doi:10.1039/c4ib00025k, PMID:24714688.

[39]	 Stojadinovic	 ND,	 Petronijević	 MR,	 Pavićević	 MH,	Mrsulja	 BB,	 Kostić	
MM. Alteration of erythrocyte membrane Na, K-ATPase in chil-
dren with borderline or essential hypertension. Cell Biochem Funct 
1996;14(2):79–87. doi:10.1002/cbf.652, PMID:8640956.

[40] Garay R, Adragna N, Canessa M, Tosteson D. Outward sodium and po-
tassium cotransport in human red cells. J Membr Biol 1981;62(3):169–
174. doi:10.1007/BF01998162, PMID:7328628.

[41] Kjeldsen K. Myocardial Na,K-ATPase: Clinical aspects. Exp Clin Cardiol 
2003;8(3):131–133. PMID:19641704.

[42] Rabini RA, Galassi R, Fumelli P, Dousset N, Solera ML, Valdiguie P, et al. 
Reduced Na(+)-K(+)-ATPase activity and plasma lysophosphatidylcho-
line concentrations in diabetic patients. Diabetes 1994;43(7):915–919. 
doi:10.2337/diab.43.7.915, PMID:8013757.

[43] Kiziltunc A, Aklay F, Polat F, Kuskay S. Sahin YN. Reduced lecithin: 
cholesterol acyl transferase (LCAT) and Na+ K+-ATpase activity in dia-
betic patients. Clin Biochem 1997;30:177–182. doi:10.1016/S0009-
9120(96)00156-7.

[44] Subramani C, Rajakkannu A, Rathinam A, Gaidhani S, Raju I, Kartar Sin-
gh DV. Anti-atherosclerotic activity of root bark of Premna integrifolia 

Linn. in high fat diet induced atherosclerosis model rats. J Pharm Anal 
2017;7(2):123–128. doi:10.1016/j.jpha.2016.12.002, PMID:29404027.

[45] Djemli-Shipkolye A, Coste T, Raccah D, Vague P, Pieroni G, Gerbi A. Na, 
K-ATPase alterations in diabetic rats: relationship with lipid metabo-
lism and nerve physiological parameters. Cell Mol Biol (Noisy-le-grand) 
2001;47(2):297–304. PMID:11355004.

[46] Mohammadi K, Kometiani P, Xie Z, Askari A. Role of protein kinase C 
in the signal pathways that link Na+/K+-ATPase to ERK1/2. J Biol Chem 
2001;276(45):42050–42056. doi:10.1074/jbc.M107892200, PMID:115 
62372.

[47] Perez V, Chang ET. Sodium-to-potassium ratio and blood pressure, 
hypertension, and related factors. Adv Nutr 2014;5(6):712–741. 
doi:10.3945/an.114.006783, PMID:25398734.

[48] Deb A, Barua S, Das B. Pharmacological activities of Baheda (Termina-
lia bellerica): A review. J Pharmacog Phytochem 2016;5(1):194–197.

[49] Bhandari PR, Kamdod MA. Emblica officinalis (Amla): A review of po-
tential therapeutic applications. Int J Green Pharm 2012;6:257–269. 
doi:10.4103/0973-8258.108204.

[50]	 Fazil	M,	Nikhat	S.	Nutraceutical	and	Pharmacological	appraisal	of	Āmla	
(Emblica officinalis Gaertn.): A review. Eur J Med Plants 2019;30(3):1–
13. doi:10.9734/ejmp/2019/v30i330176.

[51] Sabu MC, Kuttan R. Antidiabetic and antioxidant activity of Termina-
lia bellerica. Roxb. Indian J Exp Biol 2009;47(4):270–275. PMID:193 
82723.

[52] Lee HS, Won NH, Kim KH, Lee H, Jun W, Lee KW. Antioxidant effects of 
aqueous extract of Terminalia chebula in vivo and in vitro. Biol Pharm 
Bull 2005;28(9):1639–1644. doi:10.1248/bpb.28.1639, PMID:161 
41531.

[53] Förstermann U, Sessa WC. Nitric oxide synthases: regulation and func-
tion. Eur Heart J 2012;33(7):829–837. doi:10.1093/eurheartj/ehr304, 
PMID:21890489.

[54] Förstermann U, Li H. Therapeutic effect of enhancing endothelial nitric 
oxide synthase (eNOS) expression and preventing eNOS uncoupling. 
Br J Pharmacol 2011;164(2):213–223. doi:10.1111/j.1476-5381.2010. 
01196.x, PMID:21198553.

[55] Costa S, Reina-Couto M, Albino-Teixeira A, Sousa T. Statins and oxida-
tive stress in chronic heart failure. Rev Port Cardiol 2016;35(1):41–57. 
doi:10.1016/j.repc.2015.09.006, PMID:26763895.

https://doi.org/10.14218/JERP.2021.00041
https://doi.org/10.1177/030098588702400601
https://doi.org/10.1177/030098588702400601
http://www.ncbi.nlm.nih.gov/pubmed/3331858
https://doi.org/10.1016/s1357-2725(03)00195-x
http://www.ncbi.nlm.nih.gov/pubmed/14643886
http://www.ncbi.nlm.nih.gov/pubmed/14643886
https://doi.org/10.1016/j.blre.2006.03.005
http://www.ncbi.nlm.nih.gov/pubmed/16730867
https://doi.org/10.1016/0304-4157(91)90005-h
http://www.ncbi.nlm.nih.gov/pubmed/1721542
https://doi.org/10.1111/j.1748-1716.2008.01934.x
http://www.ncbi.nlm.nih.gov/pubmed/18983458
https://doi.org/10.1039/c4ib00025k
http://www.ncbi.nlm.nih.gov/pubmed/24714688
https://doi.org/10.1002/cbf.652
http://www.ncbi.nlm.nih.gov/pubmed/8640956
https://doi.org/10.1007/BF01998162
http://www.ncbi.nlm.nih.gov/pubmed/7328628
http://www.ncbi.nlm.nih.gov/pubmed/19641704
https://doi.org/10.2337/diab.43.7.915
http://www.ncbi.nlm.nih.gov/pubmed/8013757
https://doi.org/10.1016/S0009-9120(96)00156-7
https://doi.org/10.1016/S0009-9120(96)00156-7
https://doi.org/10.1016/j.jpha.2016.12.002
http://www.ncbi.nlm.nih.gov/pubmed/29404027
http://www.ncbi.nlm.nih.gov/pubmed/11355004
https://doi.org/10.1074/jbc.M107892200
http://www.ncbi.nlm.nih.gov/pubmed/11562372
http://www.ncbi.nlm.nih.gov/pubmed/11562372
https://doi.org/10.3945/an.114.006783
http://www.ncbi.nlm.nih.gov/pubmed/25398734
https://doi.org/10.4103/0973-8258.108204
https://doi.org/10.9734/ejmp/2019/v30i330176
http://www.ncbi.nlm.nih.gov/pubmed/19382723
http://www.ncbi.nlm.nih.gov/pubmed/19382723
https://doi.org/10.1248/bpb.28.1639
http://www.ncbi.nlm.nih.gov/pubmed/16141531
http://www.ncbi.nlm.nih.gov/pubmed/16141531
https://doi.org/10.1093/eurheartj/ehr304
http://www.ncbi.nlm.nih.gov/pubmed/21890489
https://doi.org/10.1111/j.1476-5381.2010.01196.x
https://doi.org/10.1111/j.1476-5381.2010.01196.x
http://www.ncbi.nlm.nih.gov/pubmed/21198553
https://doi.org/10.1016/j.repc.2015.09.006
http://www.ncbi.nlm.nih.gov/pubmed/26763895

	﻿﻿Abstract﻿

	﻿﻿﻿﻿Introduction﻿

	﻿﻿﻿﻿Methods﻿

	﻿﻿Experimental design﻿

	﻿﻿﻿Isolation of erythrocyte membrane and estimation of Na﻿+﻿/K﻿+﻿ ATPase﻿

	﻿﻿﻿Histopathology﻿

	﻿﻿﻿Statistical analysis﻿


	﻿﻿﻿﻿Results﻿

	﻿﻿﻿﻿Discussion﻿

	﻿﻿﻿﻿Clinical significance﻿

	﻿﻿﻿Limitations﻿

	﻿﻿﻿Future directions﻿

	﻿﻿﻿Conclusions﻿

	﻿﻿﻿﻿﻿Acknowledgments﻿

	﻿﻿﻿Funding﻿

	﻿﻿﻿Conflict of interest﻿

	﻿﻿﻿Author contributions﻿

	﻿﻿﻿Ethical statement﻿

	﻿﻿﻿Data sharing statement﻿

	﻿﻿﻿References﻿


