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Abstract. Elevated level of glucose in the blood is known to cause membrane damage. By
using human erythrocytes the present study has examined the changes that are induced by
hyperglycemia in the absence or presence of a different amount of insulin on the activity of
membrane ATPases. Normal human erythrocytes were incubated with varying concentrations of
glucose at 37 °C for 72 h, in the presence or absence of 10 mIU/l or 200 mIU/1 insulin. Erythrocytes
incubated with an elevated level of glucose showed a modified electrophoretic profile of membrane
proteins, a significantly increased protein glycation and reduced ATPases activity. A significantly
positive correlation was observed between the extent of protein glycation and the activity of
membrane ATPases. 200 mIU/L insulin restores the electrophoretic profile of membrane protein,
reduces the level of protein glycation and increases the enzymatic activity to. 90% of control value.
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INTRODUCTION

Diabetes mellitus is a disease associated with a confusing array of metabolic
abnormalities, which can also concern erythrocyte function. The changes that affect
the respiratory function of the erythrocyte are reflected upon every tissue of the
body. Erythrocytes of diabetic patients have reduced life span [22], altered
membrane dynamic properties [27] and increased membrane thermostability [19].
It has also been reported that diabetic patients with poor metabolic control have
lower erythrocyte membrane enzymes activity as compared to healthy control
subjects [8, 9]. Diabetes has been correlated with an increase in glycation of
erythrocyte membrane proteins [4]. The role of protein glycation in the long-term
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pathogenesis of diabetes has been extensively investigated [16, 28]. The modified
proteins have altered functions such as modified enzymatic activities [1, 10], lower
affinities for their receptors [21], etc.

The aim of the present work was to obtain some information about the
changes of the membrane enzymes from erythrocytes incubated for 72 h in
hyperglycemic medium culture, in the presence and absence of variable amounts of
insulin. Our data show a decrease in the membrane Na', K*-ATPase, Mg2+-ATPase
and Ca?, Mg2+-ATPase activities. In all the cases, the ATPases activity was
negatively correlated with the incubation time, glucose concentration and protein
glycation. 200 mIU/I insulin reduces the level of protein glycation and partially
restores the enzymatic activity.

MATERIALS AND METHODS

CHEMICALS

Chemicals of analytical grade were obtained from Sigma. Insulin was
produced by NovoNordisk.

SEPARATION AND INCUBATION OF ERYTHROCYTES

Normal erythrocytes were isolated from blood samples (20 — 25 ml) drawn
by venous puncture, with informed consent of the subject, into tubes containing
1 mmol/l EDTA as anticoagulant. Venous blood samples were centrifuged at 1000 x g
for 15 min at 4 °C and the plasma and buffy white layer of cells were removed. The
packed erythrocyte pellet was washed three times with an equal volume of sterile
150 mM NaCl, pH = 7.4. Healthy human erythrocyte suspensions containing 4 x
10° cells/ml, prepared in one of the following media, were incubated for 72 h at 37 °C:

a. 1 g/l glucose DMEM

b. 3.6 g/l glucose DMEM

c. 3.6 g/l glucose DMEM + 10 mIU/I insulin

d. 3.6 g/l glucose DMEM + 200 mIU/I insulin

We carried out the studies from the cells harvested after 24, 48 and 72 h.

MEMBRANE PREPARATION

Erythrocyte membrane isolation was done using the procedure of Hanahan
and Ekholm [11]. The erythrocytes were isolated by centrifugation and washed
three times in 170 mM Tris-HCI, pH = 7.4. The washed cells were hemolysed in 20
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vol. of 10 mmol/l Tris-HCI buffer, pH = 7.4 and the membranes (“ghosts”) were
collected by centrifugation at 10,000 x g for 60 min at 4 °C. The membranes were
washed free of hemoglobin by repeated centrifugation through 10 mmol/l Tris-HCI
buffer, pH = 7.4 until the pellet was white or pale pink in color. The pellet was
suspended in 10 mmol/l Tris-HCI buffer, pH = 7.4 at a protein concentration of
1 mg/ml. The protein amount was determined by the procedure of Bradford [5].

ELECTROPHORESIS

Membrane peptides were separated using sodium dodecylsulfate (SDS)
polyacrylamide system described by Laemmli (15). The slab gel consisted of a
running gel of 6 — 12% acrylamide and 5% staking gel. Samples of 100 pg protein
were applied and the electrophoresis was carried out at 15 mA (40V) for 1.5 h and
at 20 mA (100V) until the dye reached the bottom of the running gel (about 15
hours) in the running buffer (25 mM Tris, 190 mM Glycine, 0.1% SDS). The gels
were fixed for 1 h in 45% (vol./vol.) methanol/10% (vol./vol.) acetic acid and then
stained 15 min in the solution containing 0.07% (wt./vol.) Coomassie brilliant blue
R-250. Destaining was performed with 10% (vol./vol.) acetic acid.

ASSAY OF Na', K"-ATPase AND Mg”*-ATPase

ATP-hydrolysis by erythrocyte ghosts was measured at 37 °C in 50 mmol/l
Tris-HCI buffer, pH = 7.4, containing 130 mmol/l1 NaCl, 20 mmol/l KCI, 7 mmol/]
MgCl, and 4 mmol/l ATP in the presence and absence of 10~ mol/I ouabain
following the method of Garner [8]. The ghosts were tested with ATP solution +
ouabain in order to discriminate the purely ouabain-independent Mg”*-dependent
ATPase activity. Na’, K™-ATPase-dependent ATP hydrolysis was computed as the
difference between the rates determined in the absence and presence of 107 mol/l
ouabain, and is reported as nmoles Pi released/h /mg protein.

ASSAY OF Ca2+, Mg2+-ATPase

Membrane bound Ca®*, Mg®*-ATPase activity was determined at 37°C in a
medium containing 120 mmol/l KCI, 30 mmol/I Tris-HCI (pH = 7.4), 4 mmol/l
MgCly, 0.1 mmol/l ouabain, 1.1 mmol/l CaCl, and 2 mmol/l ATP in the presence
and absence of 1pg/ml calmodulin [9].
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PROTEIN GLYCATION

Glycation of red blood cell membrane proteins was evaluated by the method
of Murtiashaw et al [18]. Results are expressed as nmoles of 5-hydroxymethyl-2-
furaldehyde (HMF) released from glycated proteins submitted to hydrolysis with
oxalic acid.

STATISTICAL ANALYSIS

All data are presented as means + SEM. The Student's r-test performed with
Microsoft Excel was used to determine two-tailed P values. Differences were
considered significant if P < 0.05.

RESULTS

ELECTROPHORESIS

The electrophoretic profile of erythrocyte membrane proteins after 72 h
incubation in DMEM containing 1 g/l glucose (a), 3.6 g/l glucose (b), 3.6 g/l
glucose and 10 mIU/1 insulin (¢) and 3.6 g/l glucose and 200 mIU/] insulin (d) was
analyzed using the Scion Image program and the results are presented in Fig. 1. In
lane e are shown the molecular weight markers. There is a marked difference
between the gel profile of membrane proteins from erythrocytes incubated in
medium containing 1 g/l glucose (Fig. 1a) and the gel profile of membrane proteins
from erythrocytes incubated with hyperglycemic medium (Fig. 1b). 10 mIU/] insulin
in hyperglycemic medium does not affect the electrophoretic profile (Fig. lc),
while 200 mlIU/l insulin in hyperglycemic medium partially restores the
electrophoretic profile of membrane proteins back to normal (Fig. 1d).

MEMBRANE ATP-ases ACTIVITY

Our results show that erythrocyte membrane ATPases activity was
significantly lower (P < 0.01) after 72 h incubation in hyperglycemic medium as
compared to those incubated in culture medium with 1 g/l glucose (Table 1). 10 mIU/I
insulin in hyperglycemic medium does not enhance the enzymes activity, but the
presence of insulin in a concentration of 200 mIU/I in hyperglycemic medium leads
to an increase of enzymes activity.

The sodium pump activity in erythrocytes incubated in hyperglycemic
medium was reduced with 60% after 72 h of incubation as compared to control.
200 mlIU/I insulin restores pump activity to 80% as compared to control (Fig. 2).
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Fig. 1. — Gel profile of erythrocyte membrane proteins after 72 b incubation in DMEM
containing | gl glucoze (a.), 3.6 g/l glucose (b.). 3.6 g/ glucose and 10 mIU insulin
ey and 3.6 g/l glecose and 200 mIUA insulin (d.): molecular weight markers {e.) (ki)
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Mg**-ATPase retained 73% of the activity after 72 h incubation in culture
medium with 3.6 g/l glucose, as compared to control. 200 mIU/] insulin restores the
pump activity to 78% of control value (Fig. 3).

Ca®, Mg”-ATPase was inhibited by 50% after 72h incubation in
hyperglycemic DMEM, as compared to control. 200 mIU/I insulin restores pump

activity to 84% as compared to control (Fig. 4).

Table |

Erythrocyte membrane Na*, K™-ATPase, Mg?*-ATPase and Ca**, Mg?*-ATPase activities and protein
glycation after 72 h erythrocyte incubation, at 37 °C, in hyperglycemic DMEM with or without
different concentrations of insulin (* P < 0.01),

Incubation Na*, K*-ATPase | Mg*-ATPase Ca™, Mg*'- Protein glycation
medium activity (nmol activity (nmol ATPasc activity | (nmol HMF/mg
Pi/h/mg protein) | Py/h/mg protein) (nmol Py/h/mg protein)
protein)
1 g/l glucose 504.0 £17.50 245.0+3.00 1177.0 £24.10 11.0+0.06
3.6 g/l glucose 196.3 + 47.60* 179.0 + 2.00* 589.0 £ 34.70* 37.4 +0.32*
3.6 g/l glucose + 131.7 £ 14.40* 167.3 £1.73* 644.0 £ 14.60* 36.7+£0.17*
10 mIU/! insulin
3.6 g/l glucose + 400.0 + 8.08 190.3 £ 1.00 993.0 £ 6.67 14.2£0.14
200 mIu/t
insulin
£
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Fig. 2. — Na+, K'-ATPase activity after 24, 48 and 72 h incubation in 1 g/l
glucose DMEM (a), 3.6 g/l glucose DMEM (b), 3.6 g/1 glucose DMEM + 10 mIU/1

insulin (c), and 3.6 g/l glucose DMEM + 200 mIU/I insulin (d).




7 Hyperglycemia, insulin and ATPases 123

350 -
g 300
(=]
g 250 Ha
& 200 - Ob
E 150 Bc
] Ed
i-é 100 -
= 50
0 .
24h 48h 72h
Time of incubation

Fig. 3. — Mg*"-ATPase activity after 24, 48 and 72 h incubation in 1 gI
glucose DMEM (a), 3.6 g/l glucose DMEM (b), 3.6 g/l glucose DMEM + 10 mIU/I
insulin (c), and 3.6 g/l glucose DMEM + 200 mIU/I insulin (d).
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Fig. 4. - Ca®, Mg*"-ATPasc activity after 24, 48 and 72 h incubation in 1 g/l
glucose DMEM (a), 3.6 g/l glucose DMEM (b), 3.6 g/l glucose DMEM + 10 mIU/]
insulin (¢), and 3.6 g/l glucose DMEM + 200 mIU/I insulin (d).

Calmodulin activated Ca®", Mg®"-ATPase activity is also strongly inhibited
during erythrocyte incubation in DMEM with 3.6 g/l glucose for 72 h (Fig. 5).
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Fig. 5. — Calmodulin activated Ca®*, Mg?*-ATPase activity after 72 h incubation in 1 g/l
glucose DMEM (a), 3.6 g/l glucose DMEM (b), 3.6 g/l glucose DMEM + 10 mIU/I
insulin (c), and 3.6 g/l glucose DMEM + 200 mIU/I insulin (d).

PROTEIN GLYCATION

Erythrocyte incubation in hyperglycemic DMEM for 72 h at 37 °C leads to a
3.5-fold increase in membrane protein glycation. 200 mIU/] insulin restores the
degree of protein glycation to a value comparable with control (Table 1).

DISCUSSION

Diabetes mellitus is a disease associated with abnormal carbohydrate
metabolism, arising from insulin deficiency and/or malfunction of insulin
receptors, The consequent elevation of glucose in the blood plasma affects
primarily the tissues with insulin-independent uptake of glucose like lens fiber
cells, the vascular endothelial cells and red blood cells [24]. The hyperglycemia is
considered the major causal factor in the development of chronic clinical
complications: cataract, retinopathy, nephropathy, neuropathy, generalized
microangiopathy and arteriosclerosis [13]. There are some characteristic features of
the erythrocyte biology in diabetes mellitus which are thought to contribute to
clinical abnormalities of microcirculation: increased red blood cell aggregation,
decreased deformability, life-span and membrane ATPases activity [26].

In the present study, isolated normal human erythrocytes were incubated for
72 h at 37 °C in DMEM containing 5 mM and 20 mM glucose in the presence or
absence of 10 mlU/l and 200 mlIU/l insulin, in order to model normal and



9 Hyperglycemia, insulin and ATPases 125

hyperglycemic status, respectively, and to observe the capability of insulin
treatment to reverse some of the cellular effects of hyperglycemia. Hyperglycemic
treatment of normal erythrocytes produces some of the alterations observed in
diabetic cells. In our hyperglycemic model, the activity of membrane ATPases was
decreased. The decrease in enzymes activity was accompanied by changes in the
electrophoretic pattern of erythrocyte membrane proteins and by an increased
glycation of membrane proteins.

Na’, K-ATPase activity was decreased to 40% of control activity after 72 h
incubation in hyperglycemic DMEM. 200 mIU/| insulin restores pump activity to
80% as compared to control (Fig. 3). A change in the activity of membrane-bound
Na', K*-ATPase can have negative consequences in tissues. For example, changes
in cell Na" concentration might be expected to result in changes in cell Ca®*, due to
alteration of Na'/Ca™" exchange [8]. Na’, K™-ATPase activity dysfunction could be
implicated in the pathogenesis of human diabetic neuropathy [20].

Our study also demonstrates a decrease in erythrocyte Mg™ -ATPase activity
to 73% of control due to hyperglycemic conditions. 200 mIU/1 insulin restores
pump activity to 78% as compared to control (Fig. 4). The Mg*"-dependent ATPase
activity located in the erythrocyte membranes appears to be responsible for
controlling the smoothing of echinocytic erythrocytes to discocytes and
stomatocytes. The activity may be associated with a phospholipid translocase
which uses the energy released from the hydrolysis of ATP to translocation the
aminophospholipids, phophatidylserine and phosphatidylethanolamine from the
outer leaflet to the inner leaflet of the lipid bilayer [17]. Phosphatidylserine
transport is reduced in a number of normal and pathologic conditions that result in
a redistribution of phospholipids, such as platelet activation [3], sickle cell anemia
[7] and Cazf-loading. The newly exposed phosphatidylserine provides a catalytic
surface for the activation of the enzymes of the coagulation cascade [2]. Similar
alterations in phosphatidylserine asymmetry are associated with several pathologic
conditions and may contribute to unwanted thromboses., Diabetic blood cells show
an increase in passive transmembrane lipid movement and phosphatidylserine
appears in the plasma membrane outer monolayer [28]. The loss of transmembrane
phosphatidylserine asymmetry may increase procoagulant activity and contribute
significantly to vascular occlusion [26]. Externalized erythrocyte phosphatidylserine
may trigger the removal of erythrocytes by macrophages, being similar to the
process involved in the programmed cell death [6, 12, 29].

The results obtained in our study showed that hyperglycemia leads to 50%
decrease in Ca®’, Mg*"-ATPase activity, too. Calmodulin activated Ca®', Mg*'-
ATPase activity was also decreased in erythrocytes incubated in hyperglycemic
DMEM. 200 mIU/l insulin restores pump activity to 84% as compared to control
(Fig. 5). Decreased Ca®*, Mg?*-ATPase activity may produce an imbalance in the
erythrocyte transmembrane Ca®" flux leading to an increase of erythrocyte Ca®'
content. This could be associated with a greater membrane rigidity [23] and
phosphatidylserine exposure in the external membrane leaflet. Membrane changes
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identified in erythrocyte during Ca** loading, such as phosphatidylserine exposure,
microvesicle release and diminished membrane fluidity may relate to alterations
present in several erythrocyte pathologies: cell aging, secondary effects of
hypertension, spherocytosis, thalassemia and sickle cell disease. Recent data have
revealed that the alterations of membrane properties are responsible for the
susceptibility of erythrocytes to secretory phospholipase A, and hence to the lysis
of intact cells mediated by this enzyme [25].

The presence of insulin in a concentration of 200 mIU/I in hyperglycemic
incubation medium reduces the degree of erythrocyte membrane protein glycation
to a value comparable with control. This change is positively correlated with a
normal electrophoretic pattern of erythrocyte membrane proteins and with an
increase in the enzymes activity between 77% and 84% of their control value. Our
results are in agreement with the observations made on the biochemical and
rheological parameters in erythrocytes from diabetic patients subjecied to insulin
treatment. The erythrocyte abnormalities observed were corrected after 24 h of
normoglycemia obtained by insulin treatment [14].

In conclusion, the incubation of normal red blood cells in hyperglycemic
DMEM for 72 h at 37°C leads to a decreased activity of membrane ATPases,
correlated with the time of incubation and glucose concentration in the incubation
medium. 200 mlU/l insulin in the incubation medium restores the enzymatic
activity to a value closer to control.

REFERENCES

1. BESCH, W., H. BLUCHER, D. BETTIN, E. WOLF, D. MICHAELIS, K.D. KOHNERT,
Erythrocyte sodium-lithium countertransport, adenosine triphosphatase activity and sodium-
potassium fluxes in insulin-dependent diabetes mellitus, Int. J. Clin. Lab. Res., 1995, 25,
104-109.

2. BEVERS, EM,, P. COMFURIUS, J.LM.L. VAN RIN, H.C. HEMKER, RF.A. ZWAAL,
Generation of prothrombin-converting activity and the exposure of phosphatidylserine at the
outer surface of platelets, Eur. J. Biochem., 1982, 122, 429-436.

3. BEVERS, EM. R H.J. TILLY, J.M.G. SENDEN, P. COMFURIUS, R.F.A. ZWAAL, Exposure of
endogenous phosphatidylserine at the outer surface of stimulated platelets is reversed by
restoration of aminophospholipid translocase activity, Biochemistry, 1989, 28, 2382-2387.

4. BIRLOUEZ-ARAGON, 1., P. SCALBERT-MENANTEAU, M. MORAWIECK, and M.
SHAFIEZADEH, Evidence for a relationship between protein glycation and red blood cell
membrane fluidity, Biochem. Biophys. Res. Comm., 1990, 170, 1107-1113.

5. BRADFORD, M.M., A rapid and sensitive method for quantitation of microgram quantities of
protein utilizing the principle of protein-dye binding, Anal. Biochem., 1976, 72, 248-254.

6. BRATOSIN, DANA, J. MAZURIER, J.P. TISSIER, J. ESTAQUIER, J.J. HUART, J.C.
AMEISEN, D. AMINOFF, J. MONTREUIL, Cellular and molecular mechanisms of senescent
erythrocyte phagocytosis by macrophages. A review, Biochimie, 1998, 80, 173 —195.

7. BLUMENFELD, N., A. ZACHOWSKI, F. GALACTEROS, Y. BEUZARD, P.F. DEVAUX,
Transmembrane mobility of phospholipids in sickle erythrocytes: effect of deoxygenation on
diffusion and asymmetry, Blood, 1991, 77, 849-854.



i

Hyperglycemia, insulin and ATPases 127

8. GARNER, MARGARET H., Changes in Na, K-Adenosine Triphosphatase (ATPase) concentration

and Na, K-dependent adenosine triphosphate turnover in human erythrocytes in diabetes,
Metabolism, 1996, 45, 927-934.

9. GONZALEZ FLECHA, F.L., MONICA C. BERMUDEZ, N.V. CEDOLA, 1.J. GAGLIARDINO,

10,

11,

12.

13

22.

23.

24,

25

27.

JPF.C. ROSSI, Decreased Ca®-ATPase activity after glycosylation of erythrocyte
membranes in vivo and in vitro, Diabetes, 1990, 39, 707-711.

GONZALEZ FLECHA, F.L, P.R. CASTELLO, JJ. GAGLIARDINO, IP.F.C. ROSSI,
Molecular characterization of the glycated plasma membrane calcium pump, J. Membr. Biol.,
1999, 171, 25-34.

HANAHAN, D.J., JE. EKHOLM, The preparations of red cell ghosts (membranes),
Meth.Enzym., 1974, XXXI, part A, 168-172.

HOLCIK, M., Do mature red blood cells die by apoptosis? Trends in Genetics, 2002, 18, 121 —
122.

- HUSSAIN, AN, M.T. VINCENT, Diabetes Mellitus, Type I, eMedicine Journal, 2002, 3, 1- 10,
14,

JUHAN-VAGUE, 1., C. ROUL, D. RAHMANI-JOURDHEIL, Z. MISHAL, F. DRISS, M.
DURAND-GASSELIN, M.F. AILLAUD, P. VAGUE, Rapid modifications of biophysical and
biochemical parameters of red blood cell membrane from insulin dependent diabetics after
insulin administration, Klin. Wochenschr., 1986, 64, 1046—-1049.

. LAEMMLI, UK., Clcavage of structural protcins during the assembly of the head of

hacteriophage T, Nature, 1970, 227, 680-685.

. MONNIER, V.M., The Maillard reaction in aging, diabetes and nutrition, Progr. Clin. Biol. Res.,

1989, 304, 1-22,

. MORRIS, M.B., M.E. AULAND, Y.H. XU, B.D. ROUFOGALIS, Characterization of the Mg®'-

ATPase activity of the human erythrocyte membrane, Biochem. Mol. Biol. Int., 1993, 31, 823—
832.

. MURTIASIHIAW, MARTHA H., J.E. YOUNG, A.L. STRICKLAND, KAY F. McFARLAND,

SUZANNE R. THORPE, J.W. BAYNES, Measurement of nonenzymatically glucosylated
scrum protein by an improved thiobarbituric acid assay, Clin. Chim. Acta, 1983, 130, 177-187.

. PRZYBYLSKA, M., M. BRYSZEWSKA, L.V. CHAPMAN, Thermal properties and fluidity of

human erythrocytc membrancs in diabetes mellitus, /ni. J. Radiat. Biol., 1993, 63, 419-424.

. RACCAH, D., C. FABREGUETTS, J.P. AZULAY, P. VAGUE, Erythrocyte Na'-K*-ATPase

activity, metabolic control, and neuropathy in IDDM patients, Diabeles Care, 1996, 19, 564—
568.

. RAMACHANDRAN, A, L. SUSHEELA, V. MOHAN, D.A. KUZHALI, M. VISWANATHAN,

Rapid improvement in insulin binding to erythrocyte insulin receptors in non-insulin-
dependent diabetes mellitus during therapy, Acta Diab. Lat., 1988, 25, 205-214.

RAMNA DEVI, CH, M. HEMA PRASAD, T. PADMAJA REDDY, P.P. REDDY,
Glycosylation of hemoglobin and erythrocyte membrane proteins mediated changes in the
osmotic {ragility of erythrocytes, Indian J. Med. Sci., 1997, 51, 5-9.

SARKADI, B., Active calcium transport in human red cells, Biochem. Biophys. Acta, 1980, 604,
159-190.

SHIN, D.H,, §.S. MANDEL, J.H. LEE, B. ERNST, B.L. NEWMAN, M. JUZYCH, Increascd
glycosylation of human lens epithelial basement membrane in diabetes mellitus, Korean J.
Ophthalmol., 1994, 8, 26--3 1.

SMITII, SAMANTHA K., AMELIA R. FARNBACH, FAITH M. HARRIS, ANDREA C.
HAWES, LAURIE R, JACKSON, A.M. JUDD, REBEKAH S. VEST, SUSANA SANCHEZ,
J.D. BELL, Mechanisms by which intracellular calcium induces susceptibility to secretory
phospholipase A; in human erythrocytes, J. Biol. Chem., 2001, 276, 22732-22741.

. THORNALLEY, P.J., Modification of the glyoxalase system in human red blood cells by glucose

in vitro, Riochem. J., 1988, 254, 751--755.
WATALA, C., Altered structural and dynamic properties of blood cell membranes in diabetes
mellitus, Diab. Med., 1993, 10, 13-20.



128 Mihaela Stanescu, Gabriela Zamfirescu, Dana lordichescu 12

28. WAUTIER, J.L.,, M.P. WAUTIER, AM. SCHMIDT, G.M. ANDERSON, O. HORI, C.
ZOUKOURIAN, L. CAPRON, O. CHAPPEY, S.D. YAN, J. BRETT, Advanced glycation end
products (AGEs) on the-surface of diabetic erythrocytes bind to the vessel wall via a specific
receptor inducing oxidant stress in the vasculature: a link between surface-associated AGEs
and diabetic complications, Proc. Natl. Acad. Sci. USA, 1994, 91, 7742-7746.

29. WILSON, MJ, K, RICHTER-LOWNEY, DL. DALEKE, Hyperglycemia induces a loss of
phospholipid asymmetry in human erythrocytes, Biochemistry, 1993, 32, 11302-11310.



