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Figure 1 Electron spin resonance (ESR) spectrum for
S-nitroxide stearate in erythrocyte membranes. The greater the
order parameter (S) was, the lower was the membrane fluidity
of erythrocytes.
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Figure 2 Relationship between membrane fluidity of eryth-
rocytes (order parameter: S) and plasma asymmetric dimethy-
larginine (ADMA) levels in hypertensive and normotensive
subjects.

HT: hypertensive subjects, NT: normotensive subjects
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Figure 3 Relationship between membrane fluidity of eryth-
rocytes (order parameter: S) and plasma homocysteine levels
in hypertensive and normotensive subjects.

HT: hypertensive subjects, NT: normotensive subjects
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Figure 4 Effects of salt intake on membrane
fluidity of erythrocytes (order parameter; S)
in subjects with essential hypertension.
*P<0.05,**P<0.01

K3 % (order parameter IR E % 5)"Y, AIEEIN
B L IEREE & ORI DWW TId R BAI AR AT,
EYRAIIN R B EE A RS S5 Z LG SN TB I,
IR &% NO bioavailability DTLEAME fluidity O _F5-
DR BREMEDE 2 b,

= EBEOFRMERE fluidity (CRIFT
benidipine DFEZDULT

Ca 53T 5 benidipine % ARFEVE S UE B H 12

61



MENFWHT ORI A SR v 7y Foa—AOMIBERER R L OmERZE

%532 &, JRIMEREE order parameter (S)HA E 12
A (K fluidity & B3, B microviscosity (Z8038) L7z
Wo EHIZFDZAITA E ML L4 NO O 5.
o T, A IZBEIS in vitro (23T benidipine
ANO Z 4 L CRIMEREE fluidity #EXESE L2 L2
HL T2, SROE#EE—HTH0DEEZLN
%o SHIZINGDRHEIL benidipine 2B microviscosity
DAL Z P O & DD defense mechanism & L CTIEH
L, SIMEOMABEREL UGE LIS2 T REMEZ /R L C
WhHEEZZ LN,
%

DLEXY, LIMEWEDIRETH S CRP RFE L X
TA V7% EOWNITIAT0 NO & A L B E R RE &
\ZHEEREEZRIL, ZORMBE ML 5N
AE R v 7Yy N — LD E RO BRI — B 5
THLEEZOND, F72, IO ORI
Hi% Ca FEH3ETH 5 benidipine |12 & ) —HfekE 4 57
REMED DD, GHRELICAYR) vy 72y Fa—LAICH
WL NRERTF & RE S OBE, X8R v s
¥ P u— A DR R oML RIS KT TR
B oM NOOMERGREICBIT D EEL BRI
L BUERN ROV TREINCARET L C WL EEDH 5 &
B Y (W2

X M

1) Tsuda K, Nishio I: Membrane fluidity and hypertension.
Am J Hypertens, 2003, 16: 259-261.

2) Tsuda K, Iwahashi H, Minatogawa Y et al: Electron spin
resonance studies of erythrocytes from spontaneously
hypertensive rats and humans with essential hypertension.
Hypertension, 1987, 9 (suppl III): I11-19-24.

3) Tsuda K, Kinoshita Y, Kimura K et al: Electron para-
magnetic resonance investigation on modulatory effect of
17B-estradiol on membrane fluidity of erythrocytes in post-
menopausal women. Arterioscler Thromb Vasc Biol, 2001,
21: 1306-1312.

4) Tsuda K, Nishio I: A selective estrogen receptor modula-

62

tor, tamoxifen, and membrane fluidity of erythrocytes in
normotensive and hypertensive postmenopausal women-
An electron paramagnetic resonance investigation. Am J
Hypertens, 2005, 18: 1067-1076.

5) Sato B, Nishikida K, Samuels LT et al: Electron spin reso-
nance studies of erythrocytes from patients with Duchenne
muscular dystrophy. J Clin Invest, 1978, 61: 251-259.

6) Tsuda K: Adiponectin and membrane fluidity of erythrocytes
in normotensive and hypertensive men. Obesity, 20006, 14:
1505-1510.

7) Tsuda K, Nishio I: An association between plasma asymmetric
dimethylarginine and membrane fluidity of erythrocytes
in hypertensive and normotensive men. Am J Hypertens,
2005, 18: 1243-1248.

8) Tsuda K, Nishio I A calcium channel blocker, benidipine,
improves membrane fluidity in human subjects via a nitric
oxide-dependent mechanism. An electron paramagnetic
resonance investigation. Am J Hypertens, 2004, 17: 1143-1150.

9) Tsuda K, Kimura K, Nishio I et al: Nitric oxide improves
membrane fluidity of erythrocytes in essential hypertension-
an electron paramagnetic resonance investigation-. Biochem
Biophys Res Commun, 2000, 275: 946-954.

10) Venugopal SK, Devaraj S, Yuhanna I et al: Demonstration that
C-reactive protein decreases eNOS expression and bioactivity
in human aortic endothelial cells. Circulation, 2002, 106:
1439-1441.

11) Tsuda K: Hyperhomocysteinemia and membrane fluidity
of red blood cells in normotensive and hypertensive men:
an electron paramagnetic resonance investigation. Clin Exp
Pharmacol Physiol, 2007, 34 (suppl 1): S70-72.

12) Masuyama Y, Tsuda K, Shima H et al: Membrane abnormality
of erythrocytes is highly dependent on salt intake and renin
profile in essential hypertension-an electron spin resonance
study. J Hypertens, 1988, 6 (suppl 4): 266—268.

13) Tzemos N, Lim PO, Wong S et al: Adverse cardiovascular
effects of acute salt loading in young normotensive individuals.
Hypertension, 2008, 51: 1525-1530.

14) Tsuda K: Electron paramagnetic resonance investigation on
modulatory effect of benidipine on membrane fluidity of
erythrocytes in essential hypertension. Heart Vessels, 2008,
23: 134-139.

WRES Vol 50, 2010



HH I

Membrane Fluidity of Erythrocytes and Cardiovascular Disorders
in the Metabolic Syndrome—An Electron Spin Resonance Study—

Kazushi Tsuda

Cardiovascular and Metabolic Research Center, Kansai University of Health Sciences, Osaka, Japan

Key words: membrane fluidity, nitric oxide, asymmetric dimethylarginine, high-sensitivity CRP, homocysteine

It has been shown that abnormalities in the physical properties of cell membranes may underlie the defects that are
strongly linked to hypertension, stroke, and other cardiovascular diseases. In this study, we examined the membrane fluidity
(a reciprocal value of membrane microviscosity) of erythrocytes in hypertensive subjects with metabolic disorders by using
an electron spin resonance method. We demonstrated that membrane fluidity of erythrocytes was significantly lower in
hypertensive subjects than in normotensive subjects. It was shown that the reduced membrane fluidity of erythrocytes was
associated with decreased plasma nitric oxide (NO) metabolite and increased asymmetric dimethylarginine (ADMA) levels.
Plasma high-sensitivity C-reactive protein (hs-CRP) and homocysteine levels were significantly higher in hypertensive subjects
than in normotensive subjects. Membrane fluidity of erythrocytes was inversely correlated with plasma hs-CRP and
homocysteine levels. Low-salt intake significantly improved membrane fluidity of erythrocytes in subjects with essential
hypertension. Administration of the calcium channel blocker, benidipine, also ameliorated membrane fluidity of erythrocytes
in hypertensive subjects with a concomitant increase in plasma NO metabolite levels. We propose that the reduced membrane
fluidity of erythrocytes might cause a disturbance in blood rheologic behavior and microcirculation, and might have a crucial
role in the pathogenesis of circulatory disorders in subjects with hypertension and the metabolic syndrome.
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