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Abstract: Neurodegenerative diseases have many similar pathological conditions, and very 

few studies exist which detail their molecular features. Proteins like Na+/K+-ATPase (NKA), 

α-spectrin (SPTA) and drebrin have been reported to be involved in the integrity of neuronal cell 

membrane and their functions. Furthermore, recent studies have highlighted their implication 

in neurodegeneration. In the current study, we wanted to identify the role of NKA, SPTA and 

drebrin in the erythrocyte membranes obtained from the blood of patients with neurodegenera-

tive disorders (NDs) subjected to motor impairment such as Parkinson’s disease, amyotrophic 

lateral sclerosis, ataxia and dementia. We have studied the activity of NKA and the expression 

of NKA, SPTA and drebrin in the erythrocyte membrane by quantitative real-time PCR and 

Western blot obtained from the blood samples of patients with NDs culminating in movement 

and memory dysfunction. We observed a significant reduction in the expressions of NKA, 

SPTA and drebrin when compared to control and significant variations among the recruited ND 

samples. On correlating, we found a significant relationship between the expressions and the 

clinical features such as bradykinesia. Thus, we suggest that the reduction in the expressions 

of NKA, SPTA and drebrin could function as tools of assessment and speculate the particular 

neurodegenerative condition.
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Introduction
Neurodegenerative disorders (NDs) are a complex group of disorders character-

ized by neural degeneration in various regions of brain and neurons. Diagnosis of 

NDs are based mainly on the clinical features and are difficult to identify based on 

a particular condition. Bradykinesia or slowness in movement is one of the prime 

features of movement disorders1 like Parkinson’s disease (PD), amyotrophic lateral 

sclerosis (ALS) and ataxia. The Modified Bradykinesia Rating Scale (MBRS) is used 

to identify bradykinesia and measure the motor deficits in neurodegeneration, which 

provides an insight into neurophysiological investigation for clinicians to apprehend 

alterations of motor activity or motor excitability.2 The pathophysiology that underlies 

this feature is subjected to various views such as failure in basal ganglia output to 

reinforce cortical mechanism.3 There have been vast studies in identifying parameters 

of neurotransmission and biochemical characteristics, similar to the central nervous 

system, in platelets, erythrocytes and lymphocytes in search of peripheral markers that 

can identify degeneration and its progression in human brain.4 All these biomarkers 

are machinery of an intertwined biological system, wherein functional and structural 
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characteristics of the erythrocyte membrane act as a sensor 

of pathological changes.5 We attempted to study the role of 

erythrocyte membrane through biochemical modes in NDs 

(PD, ALS, ataxia and dementia).

Na+/K+-ATPase (NKA) is important in maintaining intra-

cellular gradients of ions in cells. NKA plays a crucial role 

in cellular metabolism as it accounts for ~30% of the total 

body energy consumption and for 50% of the brain energy 

consumption.5 There have been reports that highlighted the 

reduction in the activity of NKA in erythrocytes of patients 

with neurological disorders which predisposes its role in 

these diseases.6 

Spectrins are enriched membrane-associated molecules 

which were discovered in human red blood cells and fur-

ther ubiquitously identified in various other bodily tissues 

including the brain. These are the integral proteins of the 

erythrocyte membranes along with other integral membrane 

proteins; in association with actin-like proteins, they form 

a two- dimensional meshwork and provide elasticity, flex-

ibility and stability against shear stress for the passage of 

erythrocyte membranes in the circulatory system.7 They are 

engaged mainly in the organization and function of mem-

brane integrity.8 Alpha-spectrin (SPTA) is usually linked to 

the cytoskeleton and is involved in membrane maintenance, 

thereby these molecules have important biological functions 

in the brain during neurodevelopment and synaptoplacticity.9 

Drebrin is another protein that contributes equally in cell shape 

organizations.10 It is an actin-bound protein that helps in bun-

dling protein in cytoskeleton formation. There are many stud-

ies on drebrin expression in neurons11 and are found in other 

cell types including lymphocytes, endothelial cells and other 

membrane structures. It has been found that drebrin plays a 

major role in neuronal development and synaptic plasticity.12

Thus, we hypothesize that these cell membrane-related 

molecules may have potential role in neurodegeneration. The 

main objective of the present study was to determine NKA, 

SPTA and drebrin in erythrocyte membranes of neurodegen-

erative patients to verify whether these protein validations 

in erythrocytes could provide a clue for identifying various 

neurodegenerative conditions associated with common 

clinical features that are either movement dysfunction or 

memory loss. 

Materials and methods
study subjects/blood sample collection
The present case-control study design was approved by 

the Madras Medical College, Chennai, India (Institutional 

 Ethical Committee number 38122012; the approval was 

granted  by the committee at a meeting held on December 

11, 2012 at the Madras Medical College, Chennai, India). 

Subjects in the age group of 25–60 years, diagnosed with 

neurodegenerative condition (n=200) and enrolled at the 

Department of Neurology and Neuroscience at the Gov-

ernment General Hospital, Chennai, were recruited for the 

present study. Age-matched (n=120) individuals who were 

normal and healthy were recruited as control subjects in the 

study. On our request, clinicians (neurologists) calculated the 

MBRS score for all the patients. Peripheral blood samples 

(5 mL) were collected in a heparinized vacutainers (BD, 

Franklin Lakes, NJ, USA) with a prior informed consent 

to the recruited individuals. All the blood samples were 

transported, at ambient temperature, immediately to the 

Department of Biochemistry, University of Madras, Guindy 

Campus, Chennai, and processed. All participants provided 

written informed consent to participate in the study.

inclusion criteria
The diagnosed complaints were as follows: PD (n=76), ALS 

(n=68), ataxia (n=60) and dementia (n=25). Patients who 

were untreated and/or treated (PD patients were administered 

with syndopa and ALS patients with riluzole) for a period of 

1 week were included. The patients were clinically confirmed 

by the neurologist. The clinical data are provided in Table 1.

exclusion criteria
Patients with cerebrovascular disease, endocrine disorders, 

diabetes, cancer, anemia and also patients with smoking and 

drinking habits and/or drug addiction were excluded. 

Preparation of erythrocyte membrane
Erythrocyte membranes were prepared by the method 

described by Matteucci et al13 with some modifications. 

The membrane preparation was carried out at 4°C. Briefly, 

erythrocytes from 5 mL of fresh venous blood were separated 

after diluting (1:1) the blood with sterile phosphate-buffered 

saline (PBS). Mononuclear white blood cells were separated 

from red cells by Ficoll (Histopaque 1077; Sigma-Aldrich 

Co., St.Louis, MO, USA) density gradient centrifugation. 

In order to remove the Ficoll residue, red blood cells were 

washed three times with PBS. Packed erythrocytes were 

washed twice in 20 mL of an isotonic medium, pH 7.4, 

containing 0.25 M mannitol, 20 mM Tris, and 1 mM EDTA. 

The pellet was resuspended in 2 mL of the aforementioned 

medium. After the addition of 18 mL of deionized water, the 
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suspension was stirred on ice for 15 minutes and centrifuged 

at 20,000×g for 20 minutes. The pellet was resuspended in 

2 mL of mannitol-Tris-EDTA buffer, stirred for 15 minutes 

after the addition of 18 mL of deionized water, and centri-

fuged at 20,000×g for 20 minutes. The last procedure was 

repeated twice. Ghost membranes were suspended in 0.5 mL 

of 40 mM Tris-HCl buffer, pH 7.4, to obtain a final protein 

concentration of 0.8–1.5 mg/mL. Erythrocyte membrane 

thus obtained was used for the evaluation of NKA activity. 

Determination of NKa’s activity
NKA’s activities were assayed according to the procedure 

described by Tsakiris and Deliconstantinos.14 Ten microliters 

of isolated erythrocyte membrane was added to the reaction 

mixture containing 5.0 mM MgCl
2
, 80.0 mM NaCl, 20.0 mM 

KCl, 40.0 mM Tris-HCl buffer, pH 7.4, and made up to a 

final volume of 0.2 mL. The reaction was started by the addi-

tion of ATP (vanadium-free disodium salt) to obtain a final 

concentration of 3.0 mM. The reaction was stopped after 10 

minutes by the addition of 0.2 mL of 0.66 M trichloroacetic 

acid. NKA activity was calculated by the difference between 

the two values. Released inorganic phosphate (Pi) was mea-

sured by the method of Fiske and Subbarow.15 Results were 

expressed as nmol Pi/min/mg protein. Protein was measured 

by the method of Bradford, using bovine serum albumin as 

standard. All assays were run in triplicate. 

Western blot of NKa, sPTa and drebrin
The cells were lysed using RIPA buffer and then were 

separated by sodium dodecyl sulfate-polyacrylamide gel 

electrophoresis and transferred to nitrocellulose membranes. 

The transblotted membranes were incubated with goat anti-

NKAα
2 

(1:500 dilution; Santa Cruz Biotechnology Inc., 

Dallas, TX, USA), anti-SPTA (1:500 dilution; Santa Cruz 

Biotechnology Inc.), and anti-drebrin (1:500 dilution; Santa 

Cruz Biotechnology Inc). The blots were then washed with 

PBS and incubated with the horseradish-peroxidase-linked 

secondary antibody (Merck, Kenilworth, NJ, USA) and 

detected using 3, 3’-diaminobenzidine (Sisco Research Labo-

ratories Pvt. Ltd., Mumbai, India).The band intensities were 

further measured using ImageJ Editor, their relative densi-

ties were calculated, and analysis of variance (ANOVA) was 

performed using the triplicate values of the relative density.

isolation of rNa for qrT Pcr
Total RNA was extracted from the whole blood using 

TRIzol reagent (category number 15596026; Thermo 

Fisher Scientific, Waltham, MA, USA). Real-time PCR was 

performed to measure the expression of NKAα
2, 

NKAα
3
, 

α-spectrin and drebrin using SYBER Green mastermix 

(Takara, Shiga, Japan) with CFX96 real-time PCR system 

(Bio-Rad Laboratories, Inc., Hercules, CA, USA). The 

sequence for NKAa
2
:
 
5′-CTTTGCATTGACCTGGGCAC-3′, 

ant isense  5 ′ -TTGTCCGTCTGGGAGTTTCG-3 ′ ; 
NKAa3: 5′-CAGGAGAGCCACGGACAAGAA-3′, anti-

sense 5′-TTGTCCGTCTGGGAGTTTCG-3′; aspec-

trin: 5′-GGCTGATGGGATTCTAGGAC-3′, antisense 

5′-AACCTGGCAAGATAAAATGTGTC-3′; drebrin: 5′-ACT-

CAAAAGGAGGGGACCCA-3′, antisense 5′-TACAGGAG-

GCGGAACCTTTG-3′. GAPDH gene was used as an internal 

control using the sense primer 5’-GCACCGTCAAGGCT-

GAGAAC-3’ and antisense primer 5’-TGGTGAAGACGC-

CAGTGGA-3’ (primers were obtained from Sigma-Aldrich 

Co.). The comparative threshold (CT) cycle values were 

derived from qbasePLUSsoftware. The ΔCT method of rela-

tive quantification was used to determine the fold changes in 

expression (ΔCT = ΔCT reference – ΔCT target).

statistical analysis
Unpaired Student’s t-test was used to compare the mean 

fluorescence intensity and the fold change in the samples and 

the p-value ≤0.05 was considered as significant. One-way 

ANOVA was also carried out to compare the variation among 

the groups and significant values were represented. Nonpara-

Table 1 Mean of age, sex ratio and clinical manifestation of ND subjects

Control PD ALS Ataxia Dementia

Mean age, years# 42.31±3.48 48.80±3.07 42.51±2.81 31.28±3.26 65.18±3.33
sex (male: female) 74:46 42:30 40:24 32:18 6:3
age range (years) 30–63 29–68 25–62 25–57 57–78
clinical manifestations a) resting tremor

b) sleep disturbance
c) lethargy

limb-onset als with 
lower motor neuron 
signs in the limbs

a) gait
b) Tremor
c) limbic dysfunction

Mild cognitive impairment

Notes: #Values are expressed as mean ± se.
Abbreviations: ND, neurogenerative disorder; PD, Parkinson’s disease; als, amyotrophic lateral sclerosis; se, standard error.
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metric correlation was performed to study the comparison 

between age, enzyme activity and movement dysfunction. 

The statistical analyses were carried out and graphs were 

generated using Graph Pad PRISM 5.0.

Results
estimation of NKa in erythrocytes
The activity of NKA, an active ion transporter located in the 

erythrocyte membrane, was found to be decreased in ND 

patients when compared to that of control (p≤0.05). Further, 

comparative assessment among the ND subjects showed 

an increase in the activity of NKA in PD and dementia 

while a reduced activity was encountered in ALS and ataxia 

( Figure 1). Correlation analysis was performed for movement 

dysfunction in PD, ALS and ataxia and patients were scored 

for MBRS from zero to three. The Spearman’s correlation 

analysis showed that the activity of NKA was significantly 

correlated with MBRS in PD and ataxia patients, whereas 

there was no significant correlation in ALS. The correlation 

of activity of NKA with age did not show any significant 

change, the details of which are given in Table 2. 

Western blot
On analysis of the protein expression, there was a signifi-

cant decrease in the levels of SPTA, drebrin and NKAα
2 
in 

ND subjects (p<0.05) when compared to control. In case of 

ALS, the expression of SPTA and drebrin was found to be 

diminishing (Figure 2).

Figure 1 (A) The representative histogram of the activity of NKa activity of control and the recruited neurodegenerative subjects. aNOVa was performed (p≤0.05) 
compared with (a) control, (b) Parkinson’s disease, (c) amyotrophic lateral sclerosis, (d) ataxia and (e) dementia. error bars indicate seM; (B) data on the linear correlation 
analysis between MBrs and Parkinson’s disease; (C) data on the linear correlation analysis between MBrs and amyotrophic lateral sclerosis; (D) data on the linear 
correlation analysis between MBrs and ataxia. Nonparametric correlation (spearman’s rho, r) was used to correlate clinical features (movement dysfunction in accordance 
with MBrs and age) and NKa activity in ND subjects with movement disorders; *p≤0.05 indicates significance; **p≤0.01 indicates highly significant. 
Abbreviations: ANOVA, analysis of variance; PD, Parkinson’s disease; ALS, amyotrophic lateral sclerosis; DM, dementia; SEM, standard error of the mean; MBRS, Modified 
Bradykinesia rating scale; NKa, Na+/K+-aTPase; ND, neurogenerative disorder.
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Table 2 correlation analysis of NKa activity in ND

MBRS Age

PD  r=0.5367, p=0.0293* Ns
als r=0.09759, p=0.3756 Ns
ataxia r=0.6596, p=0.0071** Ns

Notes: Nonparametric correlation (spearman’s rho, r) was used to correlate clinical 
features (movement dysfunction in accordance with MBrs and age) and NKa 
activity in ND subjects with movement disorders; *p≤0.05 indicates significance; 
**p≤0.01 indicates highly significant.
Abbreviations: ND, neurogenerative disorder; PD, Parkinson’s disease; als, 
amyotrophic lateral sclerosis; MBRS, Modified Bradykinesia Rating Scale; NKA, Na+/
K+-ATPase; NS, nonsignificant.
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Figure 2 (A) representative Western blot results (experiments were performed in triplicate); (B) relative density graphs of mean ± sD. aNOVa was performed (p≤0.05) 
compared with (a) control, (a) Parkinson’s disease, (a) amyotrophic lateral sclerosis, (a) ataxia, (a) dementia. error bars indicate seM. *p≤0.05 indicates significance; **p≤0.01 
indicates highly significant.
Abbreviations: aNOVa, analysis of variance; seM, standard error of the mean;  PD, Parkinson’s disease; als, amyotrophic lateral sclerosis; DM, dementia.
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qrT Pcr
Analysis of NKAα

2
, NKAα

3
, SPTA and drebrin mRNA 

levels showed a significant decrease in the fold of expres-

sion in NDs, unlike in the healthy subjects. The expression 

levels of both SPTA and drebrin were found to be the least 

in case of ALS. The graphical representation of fold change 

is depicted in Figure 3).

Discussion
The observation of reduction in the activity of NKA can be 

regarded as a preliminary phase showing neuronal vulnerabil-

ity as studies have reported that deregulation and deficiency 

of NKA activity can be one of the major implications in 

neurodegeneration, since it helps in maintaining the ionic 

gradient of the cells, thereby regulating cellular volume and 

preventing the swelling and lysis of cells such as neurons.16 

Thus, we suggest that the changes in the level of NKA activ-

ity can be an admonition to indicate the ongoing process of 

neuronal degeneration. On correlating the clinical features 

with the activity of NKA, we could observe that there was a 

significant correlation with the activity of NKA and MBRS in 

patients with PD and ataxia, and this finding is in accordance 

with the report which has shown that misbalance of ionic 

concentration in basal ganglia and cortical motor neuron 

can result in dystonia and bradykinesia.17 Bradykinesia is 

one of the common clinical features among PD, ALS and 

ataxia, and hence we chose to study the severity of this 

clinical feature with NKA. Our findings also correlate with 

a report showing that rapid-onset dystonia parkinsonism 

mutation in NKA
 
was the primary cause and that this rare 

genetic neurological  disorder has an abrupt onset with the 

development of bradykinesia and postural instability.18 Thus, 

we would like to hypothesize that NKA can give an early 

indication of these NDs.

There are three different isoforms of NKA based on the α 

subunit: α
1
, α

2
, α

3
. We observed a considerable difference in 

the expression of these NKA isoforms among different NDs. 

Since the isoform NKAα
2
 was repored to be similar in both 

brain and erythrocyte, 19 we chose to study this protein in 

these NDs. Further, an in vitro study has shown that neuronal 

NKA inhibition could be achieved by dopamine and its oxida-

tion products; this inactivation of NKA by dopamine can lead 

to various toxic sequelae eventually causing dopaminergic 

cell death in PD.16 So, we suggest that treatment targeted to 

Figure 3 Data on qrT Pcr analysis between control and neurodegenerative subjects: (A) NKaα2, (B) NKaα3, (C) sPTa and (D) drebrin. aNOVa was performed using the 
mean fold change (p≤0.05) compared with (a) control, (b) Parkinson’s disease, (c) amyotrophic lateral sclerosis, (d) ataxia and (e) dementia. error bars indicate seM. *p≤0.05 
indicates significance; **p≤0.01 indicates highly significant.
Abbreviations: aNOVa, analysis of variance; seM, standard error of the mean; NKa, Na+/K+-aTPase; sPTa, α-spectrin; PD, Parkinson’s disease; als, amyotrophic lateral 
sclerosis; DM, dementia.
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restore the ionic imbalance in the case of NDs, such as PD, 

may help to delay the progression of disease. 

We have observed that SPTA can be an important 

parameter to diagnose ALS at early stages of the disease, 

as there was a severe reduction in their expression level. 

Studies have reported that mutation in SPTA induced 

destabilization and dislocation of membrane receptors and 

can lead to neurodegeneration.20 RBC membranes partially 

devoid of a spectrin-actin network can no longer be pres-

ent as a ghost, but start to fragment and appear as small, 

50 nm reversed vesicles. The importance of spectrin can 

be observed mainly in structure which is highlighted by 

the fact that mutations in genes encoding or regulating the 

expression of particular skeletal components underlie the 

molecular mechanism.21

The reduction in the level of drebrin in patients with ALS 

and dementia can be an indicative of an apparent impairment 

in cognition in these neurodegenerative conditions which was 

not encountered in PD and ataxia. As drebrin acts along with 

actin in neurite processes in post-migratory neurons, their 

decreased levels can affect the cell processes by deregulation 

of actin filament formation.22 Associating our observation of 

abnormality in drebrin with Yan et al, which reported drebrin 

is important in the degeneration of dendritic tree at the cortex 

and relates with impairment in cognitive responses,8 we also 

suggest that the decreased level of drebrin in the blood of 

patients with NDs at an early stage can be an useful indicator. 

Though there have been extensive studies on the identi-

fication of etiology and diagnosis of ND, the research still 

remains incomplete. The compromising of blood–brain bar-

rier has also been implicated in NDs and may also contribute 

to a cycle of changes that serve to aggravate cell loss.23 Thus, 

we suggest that alterations in the erythrocyte membrane 

obtained from the blood of patients with NDs provide a 

suggestion for faster diagnosis. Our findings look forward 

to assist the clinicians in the symptomatic identification of 

neurodegeneration in patients along with their scoring and 

characterization.
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