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Background: In essential hypertension and diabetic nephropathy, sodium-lithium counter transport (Na/Li
CT) is an inherited marker for metabolic influences of cardiovascular risk. The kinetics of Na/Li CT are
modified by two types of thiol group in the membrane. In choline medium, the type 1 thiol reacts with N-ethtyl
maleimide (NEM) to cause a decrease in Km and increase Vmax/Km ratio. However, in the presence of external
Na or Li both the type 1 or type 2 thiols react so that both Km and Vmax are reduced. Low Km of Na/Li CT has
been previously reported to be a major abnormality in diabetic nephropathy (DN) and can be used to identify
diabetic patients who are at high risk for DN. A recent study showed that the type 1 thiol protein controlling
the Km of Na/Li CT was a 33-kD protein and the gene for this protein is going to be cloned.
Objective: The authors sought to identify Na/Li CT kinetic abnormalities in Type 2 diabetes in Thai patients.
Material and Method: Erythrocyte Na/Li CT kinetics and their modulation by thiol proteins were measured
in erythrocytes from 22 patients with Type 2 diabetes and 42 normal control subjects.
Results: The kinetics of Na/Li CT in untreated erythrocytes were similar. Thiol protein alkylation with NEM
generally caused both Vmax and Km to fall, but caused Km to rise in erythrocytes of diabetic patients, whose
native Km was low. Thus, abnormalities in the regulation of Na/Li CT by key thiol proteins were found in about
one-third of subjects with Type 2 diabetes in Thailand.
Conclusion: Membrane abnormalities may indicate a common pathway of pathological mechanism found in
essential hypertension and diabetic nephropathy and may be used as a phenotype for further genetic studies
of this transporter.
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There is evidence showing that diabetes and
metabolic syndrome is now a global epidemic. In a
large scale survey involving more than 6,600 Asian
patients with type2 diabetes mellitus, it was found that
40% had micro and 20% had macroalbuminuria(1,2).
Together with the onset of diabetic chronic kidney

disease, it was demonstrated that there is further distur-
bance of the metabolic milieu characterized by a high
turnover of the oxidative pathway, anemia, acidosis
and abnormal bone metabolism. All these characteris-
tics contribute to a 5-8 fold increased risk of cardio-
vascular disease in patients with diabetic chronic
kidney disease. Diabetic nephropathy is a condition
that appears to arise from an interaction of genetic,
metabolic, hemodynamic and growth factors(3,4). An
increased activity of sodium lithium counter transport
(Na/Li CT) is a common finding in patients with essen-
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tial hypertension(5). There is evidence showing that
increased activity of Na/Li CT is also found in the
hyperfiltration period in type1 diabetic nephropathy
patients(6). It is, therefore, hypothesized that a predis-
position to essential hypertension may be the factor
that leads to the development of diabetic nephropathy.
Na/Li CT has a large inherited component and may be
an inherited marker for an abnormality in the cell mem-
brane. This could explain the clinical and biochemical
features of diabetic nephropathy(7).

Diabetes, hypertension, chronic kidney
disease and cardiovascular diseases are all known to
be the major health problems in Thailand. Most
therapeutic and prevention strategies so far relied on
the information from the Western countries where the
population is distinct from Thailand in several ways.
This distinction includes environmental status, dietary
habit, activities and genetic background. Thus, a search
for variance of the kinetics of erythrocyte Na/Li CT in
Thai diabetic patients would provide a better under-
standing in the pathogenesis of diabetic nephropathy.

Material and Method
Patients and normal controls

Twenty two patients with type 2 diabetic
nephropathy aged between 18 and 70 years were
studied. Forty two normal controls were selected from
hospital staff and medical students on the basis of
age and sex distribution to match type2 diabetic
patients. They all had no family history of hyper-
tension or diabetes. The details of the present study
were sent to the Ethics Committee of the Faculty of
Medicine Siriraj Hospital, Mahidol University for
approval. All patients and normal controls gave their
informed consent before taking part in the present
study.

Kinetic study of sodium-lithium countertransport
The method used was similar to that originally

described by Canessa et al(8) with minor modifications.
Venous blood was drawn into tubes containing lithium
heparin and centrifuged for 5 minutes at 2,500g. Two
mL of erythrocytes were suspended in 8 mL lithium
loading solution (140 mmol/L lithium chloride, 10 mmol/
L lithium carbonate, 10 mmol/L glucose, and TRIS-
acetate (pH 7.5); a mixture containing 95% oxygen and
5% carbon dioxide was bubbled through the solution
until the lithium carbonate dissolved) for 1.5 hours at
37°C. The erythrocytes were then washed once with
MgCl2 (289 + 1 mosmol/kg) and twice with choline
medium [139 mmol/L choline chloride, 1 mmol/L MgCl2,

10 mmol/L glucose, and 10 mmol/L TRIS-3-(N-
morphalino)-propanesulphonic acid (TRIS-MOPS; pH
7.4), osmolality 290 mmol/kg]. After the final washing,
the packed cell volume of the erythrocytes was measured
using a micro-hematocrit and 0.2 or 0.25 mL of the
packed cells was incubated in 4 mL of choline-ouabain
medium (as above but containing 1 mmol/L ouabain)
or 4 mL of medium with a range of sodium concen-
trations (1 to 150 mmol/L) made by mixing the choline
medium with sodium-ouabain medium [145 mmol/L
NaCl, 1 mmol/L MgCl2, 10 mmol/L glucose, and 10 mmol/
L TRIS-MOPS (pH 7.4); osmolality 290 mmol/kg, in the
presence of 1 mmol/L ouabain]. Samples were taken
after incubation for 30, 60, and 90 minutes at 37°C.
After centrifugation of the incubation mixtures at 2,000
g for 3 minutes, 1 mL of supernatant was mixed with 1
mL of distilled water and the lithium content measured
using atomic absorption spectrophotometry (Varian:
Spectraa 250 Plus) using incubation media blanks.

Michaelis constant for extracellular sodium (Km)
and maximum velocity (Vmax) of sodium-lithium
countertransport

The kinetic parameters Km and Vmax of Na/
Li CT were determined essentially according to the
method of Rutherford et al(9,10). The Km for extracellular
sodium was calculated using:

flux rate = Vmax – (flux rate / [Na+]e) / Km

where Vmax is the maximum reaction velocity and [Na+]e
is the extracellular concentration of sodium. The flux
rate was plotted against flux/[Na+]e and the maximum
reaction velocity was determined from the intercept
on the y-axis.

Statistical analysis
The values for variables that were normally

distributed in all groups are given as the mean and
standard error of the mean (SEM) and the probability
of differences between the means were assessed using
the paired or unpaired Student’s t test where appro-
priated. In other cases, in non-normal distribution
results are given as median and range, and Wilcoxon
sign rank test for paired differences was used. Statis-
tical significance between means were set at p <0.05.

Results
The clinical characteristics of type2 diabetic

patients and normal controls are shown in Table 1.
There were no significant differences in age, sex, body
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mass index (BMI), renal function, electrolytes, and
globulin in diabetic patients compared with the normal
controls. Cardiovascular risk factors including choles-
terol, triglyceride, LDL and HDL were similar in both
groups. The kinetics of erythrocyte Na/Li CT are shown
in Table 2. Kinetic parameters of erythrocyte Na/Li CT

were abnormal in subjects with diabetic nephropathy
compared with non-diabetic control subjects with both
low Km for external sodium and high Vmax/Km ratio
reflecting ion association significantly higher. N-ethyl
maleimide (NEM) decreased Km for external sodium of
Na/Li CT in normal control but had no significant

Table 1. Clinical data of type2 diabetic nephropathy (DN) groups and normal controls (NC) (N = 64)

DN (N = 22) NC (N = 42)

Age (yrs)      47 + 2.3      44 + 2.5
Gender (male:female)      10:12      22:20
BMI (kg/m2)   25.0 + 0.18   22.9 + 0.10
Systolic BP (mmHg)    119 + 3*    110 + 3
Diastolic BP (mmHg)      86 + 2      78 + 3
BUN (mg/dL)   22.4 + 1.2   19.2 + 0.5
Creatinine (mg/dL)   1.30 + 0.09   1.12 + 0.03
Cholesterol (mg/dL)    216 + 11*    179 + 5
Triglyceride (mg/dL)    102 + 11*    100 + 10
HDL-cholesterol (mg/dL)      54 + 3*      65 + 2
LDL-cholesterol (mg/dL)    119 + 10*    107 + 5
Uric acid (mg/dL)     7.3 + 0.6*     6.3 + 0.2
Sodium (mmol/L) 134.5 + 0.4 135.8 + 0.2
Potassium (mmol/L)     4.4 + 0.16     4.3 + 0.04
Chloride (mmol/L) 102.1 + 0.8 104.2 + 0.5
Bicarbonate (mmol/L)   25.2 + 0.9   23.6 + 0.5
Albumin (mg/dL)     4.2 + 0.1*     4.1 + 0.1
Globulin (mg/dL)     2.9 + 0.1     3.1 + 0.1
Hb (g/dL)      14 + 3      15 + 5

 Values are mean + SEM, * p < 0.05 compared with normal controls

Table 2. Kinetic parameters of erythrocyte Na/Li countertransport in type2 diabetic nephropathy (DN) group and
normal controls (NC) (N = 64)

DN (N = 22) Normal Control (N = 42)

Vmax
Untreated  0.50 + 0.04            0.48 + 0.03
NEM/choline  0.52 + 0.03            0.44 + 0.02*
NEM/sodium  0.30 + 0.01*            0.26 + 0.02*
Km
Untreated     60 + 3               86 + 2
NEM/choline     72 + 2*               60 + 4*
NEM/sodium     56 + 4*               58 + 3*
Vmax/Km
Untreated  8.33 + 0.13            5.58 + 0.15
NEM/choline  7.22 + 0.15            7.73 + 0.05*
NEM/sodium  5.36 + 0.25            4.48 + 0.06*

Units: Vmax, mmol Li (hr x l rbc)-1, Km, mmol Na l-1

Values are mean + SEM
*p < 0.05 for untreated vs NEM treatment
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effect on the Km for external sodium in diabetic
patients.

Discussion
These data suggest that diabetic nephropa-

thy in Thai patients is associated with abnormal
characteristics of erythrocyte Na/Li CT. Erythrocyte
Na/Li CT is an obligatory equimolar exchange of intra-
cellular sodium or lithium ions with extracellular sodium
or lithium ions and is a counter transport that does not
require the presence of cellular ATP, potassium or
HCO3

- ion(11). This transporter is insensitive to ouabain,
oligomycin and amiloride, a sodium-proton exchanger
inhibitor. The physiological functions of Na/Li CT
can be partially, approximately 50%, inhibited by the
thiol-alkylating agent, NEM(12). By critical analysis in
the kinetics of Na/Li CT, Thomas et al have found that
this transporter can be modulated by at least 2 types
of thiol proteins as mentioned previously. The kinetics
of Na/Li CT follow Michaelis-Menten equation and its
activity can be measured by determining the difference
between the rates of lithium efflux into sodium-rich
(150 mmol/L) and sodium-free (0 mmol/L) media. Several
studies suggested that the standard Na/Li CT activity,
under the conditions of the standard assay, depends
on two independent kinetic parameters, the maximum
velocity (Vmax) and the sodium affinity (Km) at the
external site of the countertransporter(13). Km is the
rate constant for ion association and Vmax is the rate
constant for ion translocation. Recent models have
demonstrated that Km is not an ideal rate constant
because it may be affected by several rate constants
of the transport process including the rate constant
for the translocation of ions across the membrane
(Vmax). An alternative rate constant for ion association
can be derived from the Michaelis-Menten equation:

v = Vmax [Na+]e
       [Na+]e + Km

When [Na+]e is negligibly small in relation to Km, there
is a negligibly small amount of external sodium
transport complex and

v = (Vmax/Km) . [Na+]e

Vmax/Km is then effectively the first-order association
rate constant for the association of external [Na+]e with
the unloaded transporter. By critical analysis of the
kinetic characteristics of Na/Li CT, it was found that
several hypertensive-related diseases, such as essen-

tial hypertension, diabetic nephropathy, and Autosomal
Dominant Polycystic Kidney Disease (ADPKD) are in
the group characterized by a decrease in Km and a
high Vmax/Km ratio(14). The present study has clearly
shown that the abnormality of erythrocyte Na/Li CT,
in terms of low Km for external sodium and high Vmax/
Km ratio, were also found in Thai diabetic patients.
NEM is a thiol group alkylation and can modulate the
membrane cytoskeletal proteins by thiol group alky-
lation. Several evidences have demonstrated that thiol
proteins might be an important group of proteins that
play a key role in the pathogenesis of several hyper-
tensive-related diseases, such as essential hyperten-
sion, diabetic nephropathy and ADPKD.

Na/Li CT is a cation transporter on membranes
of red blood cells. It becomes clear that the activity of
erythrocyte Na/Li CT can be used as a marker to identify
patients with high cardiovascular risks(15). Elevated
erythrocyte Na/Li CT activity identifies a group of
essential hypertensive patients with a genetic predis-
position to hypertension and cardiovascular disease(16,17).
Subsequent studies have been demonstrated that its
high activity was also found in diabetic nephropathy
patients(18,19). By kinetic study, it was found that the
Km for external sodium of erythrocyte Na/Li CT was
low in patients with essential hypertension and dia-
betic nephropathy(9,10,20). Recently, it has been clearly
shown that the kinetics of Na/Li CT are also abnormal
in other cardiovascular-related diseases such as dys-
lipidemia, pregnancy related-hypertension(21), and
ADPKD(22). Thomas et al have demonstrated that the
kinetics of Na/Li CT are controlled by at least 2 types
of thiol proteins(23). The type1 thiol group controls the
Km for external sodium and the type 2 thiol group
controls the Vmax of this transporter. Thiol proteins
generally play a major role in the cellular oxidative
pathway(24). Alterations in the oxidative pathway may
lead to atherogenesis. By molecular biology approach,
it has been recently demonstrated that the type1 thiol
protein that modulate the Km of erythrocyte Na/Li CT
has a molecular weight of 33 kD and its gene is going
to be cloned in the near future(25). The result of the
present study indicates that the specific group of
thiol proteins, which is an inheritance protein for
hypertensive-related diseases, was abnormal in Thai
diabetic nephropathy patients. Study of the kinetics
parameters of erythrocyte Na/Li CT, including thiol
group modulation, suggests that increased ion asso-
ciation, Vmax/Km ratio may represent the inherited
defect of diabetic nephropathy patients. This abnor-
mality of this transporter might be used to identify
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subjects who have a high risk for diabetic nephropa-
thy.

Acknowledgments
The authors wish to thanks Miss Duangporn

Chuawattana and Mrs. Prachuan Hanlakorn for their
invaluable technical assistance and Miss Ratana
Larpkitkachorn for her assistance in statistical analysis
and preparation of this manuscript. This study was
financially supported by a research grant of Mahidol
University.

References
1. de Zeeuw D, Ramjit D, Zhang Z, Ribeiro AB,

Kurokawa K, Lash JP, et al. Renal risk and reno-
protection among ethnic groups with type 2
diabetic nephropathy: Apost  hoc analysis of
RENAAL. Kidney Int 2006; 29: 167582.

2. Chan NN, Kong AP, Chan JC. Metabolic syndrome
and type 2 diabetes: the Hong Kong perspective.
Clin Biochem Rev 2005; 26: 51-7.

3. Kimmel PL. Update in nephrology and hyper-
tension. Ann Intern Med 2006; 144: 281-5.

4. Agius E, Attard G, Shakespeare L, Clark P, Vidya
MA, Hattersley AT, et al. Familial factors in diabetic
nephropathy: an offspring study. Diabet Med
2006; 23: 331-4.

5. Zerbini G, Gabellini D, Ruggieri D, Maestroni A.
Increased sodium-lithium countertransport acti-
vity: a cellular dysfunction common to essential
hypertension and diabetic nephropathy. J Am Soc
Nephrol 2004; 15(Suppl): S81-4.

6. Mead PA, Wilkinson R, Thomas TH. Na/Li
countertransport abnormalities in type 1 diabetes
with and without nephropathy are familial.
Diabetes Care 2001; 24: 527-32.

7. Mead P, Wilkinson R, Thomas TH. Thiol protein
defect in sodium-lithium countertransport in
subset of essential hypertension. Hypertension
1999; 34: 1275-80.

8. Canessa M, Adragna N, Solomon HS, Connolly
TM, Tosteson DC. Increased sodium-lithium
countertransport in red cells of patients with
essential hypertension. N Engl J Med 1980; 302:
772-6.

9. Rutherford PA, Thomas TH, Carr SJ, Taylor R,
Wilkinson R. Changes in erythrocyte sodium-
lithium countertransport kinetics in diabetic
nephropathy. Clin Sci (Lond) 1992; 82: 301-7.

10. Rutherford PA, Thomas TH, Wilkinson R.
Increased erythrocyte sodium-lithium counter-
transport activity in essential hypertension is due
to an increased affinity for extracellular sodium.
Clin Sci (Lond) 1990; 79: 365-9.

11. Hannaert PA, Garay RP. A kinetic analysis of Na-
Li countertransport in human red blood cells. J
Gen Physiol 1986; 87: 353-68.

12. Duhm J, Becker BF. Studies on lithium transport
across the red cell membrane. V. On the nature of
 the Na+-dependent Li+ countertransport system
of mammalian erythrocytes. J Membr Biol 1979;
51: 263-86.

13. Aronson JK. Methods for expressing the charac-
teristics of transmembrane ion transport systems.
Clin Sci (Lond) 1990; 78: 247-54.

14. West IC, Rutherford PA, Thomas TH. Sodium-
lithiumcountertransport: physiology and function.
J Hypertens 1998; 16: 3-13.

15. Carr SJ, Thomas TH, Laker MF, Wilkinson R.
Elevated sodium-lithium countertransport: a
familial marker of hyperlipidaemia and hyper-
tension? J Hypertens 1990; 8: 139-46.

16. Hardman TC, Lant AF. Controversies surrounding
erythrocyte sodium-lithium countertransport. J
Hypertens 1996; 14: 695-703.

17. Rutherford PA, Thomas TH, Wilkinson R. Erythro-
cytesodium-lithium countertransport: clinically
useful, pathophysiologically instructive or just
phenomenology? Clin Sci (Lond) 1992; 82: 341-52.

18. Mangili R, Bending JJ, Scott G, Li LK, Gupta A,
Viberti G. Increased sodium-lithium counter-
transport activity in red cells of patients with
insulin-dependent diabetes and nephropathy. N
Engl J Med 1988; 318: 146-50.

19. Krolewski AS, Canessa M, Warram JH, Laffel LM,
Christlieb AR, Knowler WC, et al. Predisposition
to hypertension and  susceptibility to renal disease
in insulin-dependent diabetes mellitus. N Engl J
Med 1988; 318: 140-5.

20. Thomas TH, Rutherford PA, West IC, Wilkinson
R. Sulphydryl group control of sodium-lithium
countertransport kinetics: a membrane protein
control abnormality in essential hypertension. Eur
J Clin Invest 1995; 25: 235-40.

21. Rutherford PA, Thomas TH, MacPhail S, Wilkinson
R. Sodium-lithium countertransport kinetics in
normal and hypertensive human pregnancy. Eur J
Clin Invest 1992; 22: 50-4.

22. Vareesangthip K, Thomas TH, Wilkinson R.
Abnormal effect of thiol groups on erythrocyte



J Med Assoc Thai Vol. 89 Suppl. 2  2006 S53

Na/Li countertransport kinetics in adult polycystic
kidney disease. Nephrol Dial Transplant 1995; 10:
2219-23.

23. Thomas TH, West IC, Wilkinson R. Modification
of erythrocyte Na+/Li+ countertransport kinetics
by two types of thiol group. Biochim Biophys
Acta 1995; 1235: 317-22.

24 Rossi R, Cardaioli E, Scaloni A, Amiconi G, Di
Simplicio P. Thiol groups in proteins as endo-

genous reductants to determine glutathione-
protein mixed disulphides in biological systems.
Biochim Biophys Acta 1995; 1243: 230-8.

25 Thomas TH, Rutherford PA, Vareesangthip K,
Wilkinson R, West IC. Erythrocyte membrane
thiol proteins associated with changes in the
kinetics of Na/Li countertransport: a possible
molecular explanation of changes in disease. Eur
J Clin Invest 1998; 28: 259-65.

ความผิดปกติทางจลศาสตร์ของโสเดียม ลิเธียม เคาน์เตอร์ทรานสปอร์ตในผู้ป่วยไตพิการเหตุเบาหวาน
ในประเทศไทย

เกรียงศักด์ิ  วารีแสงทิพย์, วีรวัฒน์  พานทองดี, ชัยรัตน์  ฉายากุล, วรรณี  นิธิยานันท์, ลีนา  องอาจยทุธ

ในปัจจุบันมีหลักฐานยืนยันว่า โสเดียม ลิเธียม เคาน์เตอร์ทรานสปอร์ต (Na/Li CT) สามารถถ่ายทอดทาง
กรรมพันธ์ุในผู้ป่วยท่ีเป็นโรคความดนัเลือดสูง และภาวะไตพกิารเหตเุบาหวาน Na/Li CT เป็นตัวบ่งช้ีถึงผู้ท่ีมีอัตราเส่ียง
ต่อการเกดิโรคระบบหลอดเลอืดและหวัใจ ภาวะจลศาสตรข์อง Na/Li CT ถูกควบคมุด้วย thiol protein 2 กลุ่ม โดย
thiol protein 1 ควบคุมอัตราการจับตัวของ ทรานสปอร์ตเตอร์ กับ โสเดียม อิออน [Na+] และ thiol protein 2 ควบคุม
อัตราการเคลื่อนตัวของ ทรานสปอร์ตเตอร์ ที่จับ [Na+] แล้วผ่านเซลล์เมมเบรนเข้าเซลล์ มีงานวิจัยศึกษา พบว่า
Michaelis constant for extracellular sodium (Km) ของ Na/Li CT มีค่าต่ำลงในผู้ป่วย ไตพิการเหตุเบาหวาน และพบว่า
thiol protein 1 ที่ควบคุม Km และโปรตีนที่มีน้ำหนักโมเลกุล 33-KD และกำลังศึกษาวิจัยถึงโครงสร้างของโปรตีนนี้
เพื่อนำไปสู่การโคลนยีนส์

ในการศึกษานี้ผู้วิจัยมีวัตถุประสงค์ศึกษาจลศาสตร์ของ Na/Li CT ในผู้ป่วยเบาหวานที่มีภาวะแทรกซ้อน
ทางไต จำนวน 22 ราย เปรยีบเทยีบกบัประชากรปกตจิำนวน 42 ราย ผลการศกึษาพบวา่ คา่ Km ของ Na/Li CT
ต่ำกว่าประชากรปกตอิย่างมีนัยสำคัญ ในการศึกษาในประชากรของประเทศทางตะวนัตก พบภาวะ Km ต่ำ ได้ในผู้ป่วย
ที่เป็นโรคความดันเลือดสูงและไตพิการเหตุเบาหวาน ผลการศึกษาวิจัยนี้สนับสนุนภาวะ Km ต่ำในผู้ป่วยไตพิการเหตุ
เบาหวาน ในประชากรไทย ซึ่งจะมีประโยชน์ในการศึกษาถึงกลไกการเกิดภาวะแทรกซ้อนทางไตในผู้ป่วยเบาหวาน
ในประเทศไทยในลำดับต่อไป


