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ABSTRACT 
 

Background: Prolonged uncontrolled diabetes mellitus type 2 can affect all protein channels in the cell 
membrane that can leads to diabetic complication. One of such channels is Na

+
/K

+
ATPase whose 

disturbed activity can disturb the normal distribution of Na and K across the cell membrane and can 
contribute in the pathogenesis of diabetic polyneuropathy. 
Methods: This was a case control study in which Na

+
/K

+
ATPase activity in RBCs in patients suffering 

from diabetes type 2 was compared with normal subjects. Forty patients having diabetes type 2 were 
selected from diabetes center of Jinnah Hospital Lahore, and same number of normal controls were 
selected from the staff members and relatives of the patients of Jinnah Hospital. 
Results: BMI and HbA1-c were higher in diabetics as compared to normal healthy individuals but the 
difference is not significant in case of BMI, as P-value (0.07) is more than 0.05, but this difference was 
significant in case of HbA1c as p-value (0.02) is less than 0.05. Moreover, erythrocytes Na

+
/K

+
ATPase 

activity is lower in patients with diabetes type 2 than in normal healthy control. But difference between 
these two groups is not significant as P value (0.08) is greater than 0.05. Stepwise regression analysis 
revealed that hyperglycemia decreases the activity of Na

+
/K

+
ATPase and increases the concentration 

of glycosylated hemoglobin. 
Conclusions: In patients having Diabetes Mellitus type 2, HbA1-c was significantly higher, BMI was 
also higher but this increase is not significant. Na

+
/K

+
ATPase activity was lower in patients suffering 

from diabetes mellitus type 2 as compared to normal healthy controls but it was not significant as P-
value (0.08) is greater than 0.05.  
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INTRODUCTION 
 

Diabetes mellitus is a syndrome characterized by 
disturbances in the metabolism of carbohydrates, 
Lipids and Protein

 (1)
. Patients need excellent control 

on blood glucose to prevent or delay the diabetic 
complications like Nephropathy, Retinopathy and 
Neuropathy

1
. It is a major public health problem all 

over the world
(1).

Different studies in humans indicate 
that uncontrolled diabetes mellitus causes change in 
membrane protein structure, its organization and also 
its function which play major role in the pathogenesis 
of diabetic complications

2,3,4
. Sodium Potassium 

pump which is also called as sodium-potassium 
adenosine triphosphatase (Na

+
/K

+
ATPase) is a 

membrane enzyme (protein in nature) and is 
expressed in all most all eukaryotic cells

5
. It catalyzes 

the counter transport of sodium and potassium 
across the cell membrane by using ATP as energy 
source

5
. Sodium pump consist of α alpha, β beta and 

γ gamma subunits
6,7

. In diabetes mellitus along with 
other membrane proteins sodium Potassium pump is 
affected structurally as well as functionally

8,9
. 
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Different mechanisms like depletion of intracellular 
pool of myo-inositol , an increased flux through the 
aldose reductase pathway may play vital role in 
decreasing sodium pump activity

10
. Excessive 

production of oxygen free radicals, formation of 
glycated proteins and the disturbance in metabolism 
of nerve growth factor are also responsible for 
reduced sodium pump activity

11
. Abnormal ratio 

between omega 6 and omega 3 due to abnormality in 
essential fatty acid metabolism also contribute in 
decreasing sodium pump activity

12
. Diabetes induced 

by streptozotocin can decrease sodium pump activity 
in different tissues of the animals

2,3,4
. it is suggested 

that decrease sodium pump activity has a vital role in 
the pathogenesis of diabetic polyneuropathic 
complications

13-17
. As sodium pump has role in 

maintaining resting membrane potential so any 
decrease activity in this pump, as happened in 
diabetes mellitus, will be detrimental for the normal 
functioning of relevant tissues. Animal models were 
used to assess sodium pump activity by inducing 
diabetes by Streptozotocin- and alloxan which 
decreased sodium pump activity

18
. The decrease 

activity of sodium pump in sciatic nerve was first 
proposed by Das and colleagues in 1976, but an 
increased activity in sodium pump in mucosa of small 
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intestine of diabetic rats was also found in another 
study

19,20
. Hence it indicates that diabetes mellitus 

can affect the activity of sodium potassium pump in 
different tissues. 

The aim and objective of the current study is to 
evaluate the Na+/K+ATPase activity in patients 
suffering from Diabetes Mellitus type 2. 
 

MATERIALS AND METHODS 
 

It was a case control study for which subjects were 
selected from diabetes center of Jinnah Hospital 
Lahore after getting written consent. Forty patients 
with Type 2 diabetes mellitus (22 male and18 female) 
with age ranging from 38 to 55 year, were enrolled in 
the study. None of them had taken any medication 
known to influence Na

+
/K

+
ATPase activity 

(calciumblockers, thyroxin, glucocorticoid or 
digitalislikedrugs). Diagnosed patients of Type 2 
diabetes mellitus were selected on the basis of 
hospital record (WHO criterion) with mean duration of 
diabetes up to 8.5 ± 0.9 years. The patients, having 
diabetes mellitus type2 according to WHO criteria 
were included in the study. Patients suffering from 
polyneuropathy. pregnant females suffering from 
Diabetes Mellitus and patients taking medicine like 
calcium blockers, thyroxin, glucocorticoid or digitalis 
were excluded. 

To exclude diabetic polyneuropathy Diabetes 
Control and Complications Trial (DCCT) criteria was 
followed

 (21)
. Forty healthy subjects comprising 17 

women and 25 men were enrolled from hospital staff 
and relatives of the patients with age ranging from40 
to 50 year.  

For estimation of fasting blood glucose level, 1.5 
ml of venous blood was taken in 5cc disposable 
syringe. To estimate postprandial blood glucose 
level, glycosylated hemoglobin (HbA 1-c) and 
Na

+
/K

+
ATPase activity, the second sample of 10cc of 

venous blood was taken after two hours of the 
breakfast. Out of this, eight ml of blood was placed in 
EDTA tube for the estimation of glycosylated 
hemoglobin and Na

+
/K

+
ATPase activity in red blood 

cells, while the remaining two ml of blood was 
allowed to clot in a second test tube for the 
estimation of blood glucose level. Clotted blood was 
centrifuged by 2000 Rev/min for three minutes and 
serum was separated and stored at -20 

0
C for 

biochemical analysis. Plasma glucose level was 
estimated by glucose oxidase method using 
commercial kit.HbA1c was analyzed using high 
performance liquid chromatography (HPLC). 
Measurement of Erythrocyte Na

+
/K

+ 
ATPase 

Activity: Red blood cells ghost membranes prepared 
by procedure designed by DeLuise and Flier

(22)
. 

Na
+
/K

+
ATPase activity was estimated on these ghost 

membranes.Na
+
/K

+
ATPase activity was measured 

with and without ouabain (specific inhibitor of sodium 
pump) and expressed as the difference between 
inorganic phosphate released from ATP during 
separate assays 

(23, 24). 
Results were given in nmol Pi 

× mg protein±1 × h±1. 

Data Analysis: All values were expressed as mean  
standard derivation (SD), and then compared by 
statistical package for social sciences software 
(SPSS), version 20. A “P” value less than 0.05 was 
considered significant. Student T test was applied to 
calculate P value. 
 

RESULTS 
 

BMI and HbA1-c were higher in diabetics as 
compared to normal healthy individuals but the 
difference is not significant in case of BMI, as P-value 
(0.07) is more than 0.05, but this difference was 
significant in case of HbA1c as p-value (0.02) is less 
than 0.05 as shown in table 1. Moreover, 
erythrocytes Na

+
/K

+
ATPase activity is lower in 

patients with diabetes type 2 than in normal healthy 
control. But difference between these two groups is 
not significant as P value (0.08) is greater than 0.05 
(Table-1). 
 

Table 1: Comparison of BMI, HbA1c and NaK ATPase 
activity in Controls and Diabetics 

Parameter Control 
(Mean) 

Diabetics 
type 2 
(Mean) 

P value 

BMI 22±1.5 25.7±1.5 0.07 

HbA1c 4.6±0.7 6.5±1.1 0.02 

Na
+
/K

+
ATPase 

Activity nmole 
Pi./mg protein/h 

398±5 374±9 0.08 

 
Table 2: Comparison of fasting & Postprandial Blood 
Glucose levels in controls and Diabetics 

Parameter Control 
(Mean) 

Diabetics 
type2(Mean) 

P 
value 

Fasting Blood 
glucose level 

91±07 124±08 < 0.05 

Postprandial Blood 
glucose level  

119±09 189±21 < 0.05 

 

DISCUSSION 
 

This case control study was conducted to compare 
sodium potassium ATPase activity in cell membrane 
of RBCs in patients having type 2 diabetes mellitus 
and the normal healthy controls. Blood glucose level, 
HbA1c and BMI were higher in patients suffering from 
diabetes type 2 but the increase is significant only in 
case of blood glucose level. There was a decrease in 
the activity of Na

+
/K

+
ATPase, which was not 

significant. These results are similar with the results 
of Bozo et al (1990) who reported that there was a 
decrease in lymphocytes Na

+
/K

+
ATPase activity in 
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patients with Diabetes type 2 but the decrease was 
not significant

(25)
. The study of Mimura et al; (1994) 

revealed slight reduction in RBCs Na
+
/K

+
ATPase 

activity in type 2 diabetics with micro albuminuria. In 
our study we also concluded the same but we did not 
include the parameter of micro albuminuria

(26)
.Das 

and colleagues (1976) first described a decrease of 
Na

+
/K

+
ATPase enzyme activity in sciatic nerve of 

diabetic rats where as an increase in enzyme activity 
was found in mucosa of small intestine of diabetic 
rat

21
. This shows effects of diabetes on 

Na
+
/K

+
ATPase in different tissues. Rauh et al. 

narrated that Na
+
/K

+
ATPase activity significantly 

decreases in RBCs of diabetics type 2, this contradict 
our findings

(27)
.According to Finotti and verbaro.R , 

and Rahmani Jourdhevil et al ,  Na/K ATPase activity 
of RBC reduces up to 30% in type1 diabetes 
mellitus

28,29
. Raccah et al also concluded no 

correlation of decrease Na
+
/K

+
ATPase activity with 

BMI, blood glucose level and HbA 1-c. In our study 
Na

+
/K

+
ATPase activity was not related to BMI but 

decrease in enzymetic activity was associated with 
high blood glucose and HbA 1-c levels and this 
contradicted the finding of Raccah et al

29
. 

 

CONCLUSIONS 
 

Na
+
/K

+
ATPase activity was lower in patients suffering 

from type 2 diabetes mellitus as compared to normal 
healthy controls but that was not significant. Poor 
glycemic control decreases Na

+
/K

+
ATPase activity in 

cell membrane of erythrocytes. Proper functioning of 
this pump is crucial for the energy balance and 
prevention of the disease mechanisms which can 
happen if it is not functioning correctly.  
 

REFERENCES 
 

1. World Health organization: Diabetes mellitus: Report of a 
WHO study group. In Technical Reports Series. Geneva 
WHO ; 1985:727. 

2. Carneiro AV: Cornory heart disease in dibetes mellitus: Risk 
factors and epidemiology. Rev Port Cardio 2004, 23:1359 

3. Budak Y, Demirci H, Akdogan M, Yavuz D: Erythrocyte 
membrane anionic charge in type 2 diabetic patients with 
retinopathy. BMC Ophthalmology 2004, 4:14-19 

4. Naka K, Sasaki H, Kishi Y, Furuta M, Sanke T, Nanajo K, 
Mukoyama M: Effects of cilostazol on development of 
experimental diabetic retinopathy: functional and structural 
studies, and Na

+
/K

+
 ATPase activity in peripheral nerves in 

rates with streptozotocin induced diabetes. Diabetes Res Clin 
Pract 1995, 30:153-162 

5. Clausen T., Van Hardeveld  C., and Everts M.E. (1991) 
Significance of cation transport in control of energy 
metabolism and thermogenesis. Physiol. Rev. 71, 733-774 

6. Forbush B., 3
rd
, Kaplan J.H., and Hoffman J. F. (1978) 

characterization of a new photoaffinity derivative of ouabain: 
labeling of the large polypeptide and of a ptoteolipid 
compounf of the Na

+
/K

+
 ATPase. Biochemistry, 17, 3667  

7. Jorgensen P.L. (1982) Mechanism of Na
+
/K

+
 pump. Protein 

structure and conformations of the pure Na
+
/K

+
 ATPase. 

Biochem. Biophys. Acta, 694, 27-68 

8. Kaplan JH: Biochemistry of Na
+
/K

+
 ATPase. Annu Rev 

Biochem 2002, 71: 511-535 
9. Vague P, Dufayet D, Coste T, Moriscot C, Jannot MF, 

Raccah D: Association of diabetic neuropathy with Na
+
/K

+
 

ATPase gene polymorphism. Diabetologia 1997, 40:506-511.  
10. Greene D.A., Lattimer S.A., and Sima  A.A. (1987) Sorbitol 

phosphoinositides and Na
+
/K

+
 ATPase in pathogenesis of 

diabetic complications. N. Engl. J.Med., 316,599-606 
11. Sima AA., and sugimoto, K. (1999) Experimental diabetic 

neuropathy:An update. Diabetologia, 42, 773-778. 
12. Djemli- Shipkolye  A., Raccah D., Pieroni G., Vague P. (2003) 

Differential effect of W3 PUFA supplementation on Na
+
/K

+
 

ATPase and Mg-ATPase activities: possible role of 
membrane and W6/W3 Ratio. J. Member., Biol.,191, 37-47 

13. Greene DA, Lattimer SA (1987) sorbitol, phosphoinositides, 
and Na

+
/K

+
 ATPase activity in the pathogenesis of diabetic 

complications. N Engl J Med 316: 559-605 
14. Raccah D, Jannot MF, Issautier D, Vague P (1992) Effect of 

experimental diabetes on Na
+
/K

+
 ATPase activity in red blood 

cells, peripheral nerve and kidney. Diabet Metab 20: 271-274 
15. Raccah D. Gallice P, Pouget J, Vague P (1994) hypothesis 

low Na
+
/K

+
 ATPase activities of red blood cells membrane, a 

potential marker of the predisposition to diabetic neuropathy. 
Diabet Metab 18: 236-241 

16. Raccah D, Fabreguettes C, Azulay JP (1996) Erythrocyte 
Na

+
/K

+
 ATPase activity, metabolic control and neuropathy in 

insulin dependent patients. Diabetes Care 19: 564-568 
17. Vague P, Dufayet D, Coste T, Moriscot C, Jannot MF, 

Raccah D (1997) Association of diabetic neuropathy with 
Na

+
/K

+
 ATPase gene polymorphism. Diabetologia 40: 506. 

18. Sima A.A., and Sugimoto K. (1999) Experimental diabetic 
neuropathy: An update. Diabetologia, 42, 773-788 

19. Das P.K., Bray G.M., Aguayo A.J. and Rasminsky M. (1976). 
Diminished ouabain-sensitive Na

+
/K

+
 ATPase activity in 

sciatic nerves of rates with streptozotocin induced diabetes. 
Exp. Neurol. 53, 285-288 

20. Gnanaprakasam M.S., Srivastava L.,M. (1978) Effect of 
starvation, alloxan diabetes and adrenalectomy on Na

+
/K

+
 

ATPase of mucosa of small intestine of rat. Biochem. Exp. 
Biol., 14, 257-262. 

21. DCCT Research Group (1988) Factors in the development of 
diabetic neuropathy. Baseline analysis of neuropathy in 
feasibility phase of diabetic control and complications trials. 
Diabetes 37:471-481 

22. DeLuise M, Flier JS: Functionally abnormal Na
+
/K

+
 ATPase 

pump in erythrocytes of  a morbidly obese patients. J Clin 
invest 1982, 69:38-44 

23. Raccah D, Gallice P, Pouget J, Vague P (1992) Hypothesis 
low Na

+
/K

+
 ATPase activities of red cell membrane, a 

potential marker of the predisposition of diabetic neuropathy. 
Diabet Metab 18:236-241.  

24. Raccah D,Fabreguettes C, Azulay JP(1996) Erythrocytes 
Na

+
/K

+
 ATPase activity, metabolic control and neuropathy in 

insulin dependent diabetic patients Diabetes care 19: 564-568 
25. Bozzo C, Goria M, Marengo C, Marena S, Veglia F, Pagano 

G (1990) Lymphocyte  Na
+
/K

+
 ATPase is reduced in aged 

people. Metabolism 39:808-814 
26. Mimura M, Makino H, kanatsuka A, Asia T, Yoshida S (1994) 

Na
+
/K

+
 ATPase activity in type 2 (non- insulin-dependent) 

diabetic with micro albuminuria. Horm Metab Res 26: 33-38. 
27. Finotti P., and Verbaro R. (1987) Identification and partial 

purification of a Na
+
/K

+
 ATPase  stimulating serine protease 

from plasma of insulin dependent diabetics. Clin.Chim.Acta, 
170,121-134. 

28. Rahmani-Jourdheuil D., Mourayre Y., Vague P., Boyer J., and 
Juhan-Vague I. (1987) In vivo insulin effect on Na

+
/K

+
 ATPase 

activities in erythrocyte membrane from insulin dependent 
diabetics. Diabetes, 36,991-995. 

29. Raccah D., Fabreguettes C., Azulay J.P 1996b) Erythrocyte 
Na

+
/K

+
 ATPase activity, metabolic control and neuropathy in 

IDDM patients. [Published erratum appears in diabetes care 
1997 Feb; 20(20):236. Diabetes care 19,564-56



 

ORIGINAL ARTICLE 
 

 

P J M H S  Vol. 10, NO. 2, APR – JUN  2016   510 

 


