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Recent evidence indicates that high-sensitivity C-reactive protein (hs-CRP), an acute phase of an inflammatory marker, might be
associated with atherosclerosis, hypertension, and other cardiovascular diseases. The present study was performed to assess the
possible link between plasma hs-CRP and membrane fluidity (a reciprocal value of membrane microviscosity) in hypertensive
elderly men. We measured the membrane fluidity of red blood cells (RBCs) in hypertensive and normotensive elderly men using
an electron spin resonance and spin-labeling method. Membrane fluidity of RBCs was decreased in hypertensive elderly men
compared with normotensive elderly men. Plasma hs-CRP levels were significantly higher in hypertensive elderly men than in
normotensive elderly men. In contrast, plasma nitric-oxide- (NO-) metabolite levels were lower in hypertensive elderly men than
in normotensive elderly men. The reduced membrane fluidity of RBCs was associated with increased plasma hs-CRP and decreased
plasma NO-metabolite levels. In a multivariate regression analysis, plasma hs-CRP was an independent determinant of membrane
fluidity of RBCs after adjustment for general risk factors. The results suggest that CRP might have a close correlation with the
rheologic behavior of RBCs and the microcirculation and would contribute, at least in part, to the circulatory dysfunction and
vascular complications in hypertensive elderly men.

1. Introduction coronary arterioles [5]. In a clinical study, it was also demon-

strated that increased levels of hs-CRP were associated with

Evidence indicates that inflammation may actively partici-
pate in the development and progression of atherosclerosis
and cardiovascular disease processes [1]. It is well recognized
that high-sensitivity C-reactive protein (hs-CRP), an acute-
phase of inflammatory marker, might be associated with
increased risk of cardiovascular events [2, 3]. Recently, it has
been shown that CRP could reduce the nitric oxide (NO)
bioavailability by itself, which would induce endothelial and
cardiovascular dysfunctions. Venugopal et al. demonstrated
that CRP directly decreased endothelium type of NO syn-
thase (eNOS) expression in human aortic endothelial cells
in vitro [4]. Qamirani et al. showed that CRP inhibited en-
dothelium-dependent NO-mediated dilatation of porcine

reduced endothelium-mediated dilatory responses of the
arteries [6]. However, the precise role of inflammation in the
circulatory dysfunction in hypertension remains unclear.

It has been proposed that abnormalities in physical prop-
erties of the cell membranes may underlie the defects that are
strongly linked to hypertension, stroke, and other cardiovas-
cular disease conditions [7-9]. An electron spin resonance
(ESR) and spin-labeling method has been developed to eval-
uate the membrane fluidity (a reciprocal value of membrane
microviscosity) and perturbations of the membrane function
by external agents [8, 9]. The membrane fluidity is a physic-
ochemical feature of biomembranes and is an important
factor in modulating the cell rheologic behavior [8, 9]. Using
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TasLE 1: Clinical characteristics and laboratory findings of hypertensive (HT) and normotensive (NT) men.

NT HT
Number of subjects 18 29
Age (y.0.) 64 + 2 63 +2
Body mass index (kg/m?) 242+0.7 24.1+05
Systolic blood pressure (mmHg) 124+ 2 147 + 1*
Diastolic blood pressure (mmHg) 69 +2 87 + 1*
Heart rate (beats/min) 75+ 2 72 £2
Erythrocyte counts (10* cells/uL) 458 = 11 474 + 8
Hemoglobin (g/dL) 142+ 0.4 14.1+0.2
Hematocrit (%) 432+ 1.0 429 + 0.6
Leucocyte counts (10° cells/uL) 5.5+ 0.3 54 +0.2
Platelets (10* cells/uL) 21+1 23+1
Total cholesterol (mg/dL) 2116 209 =7
High-density lipoprotein cholesterol (mg/dL) 51 %2 52+3
Low-density lipoprotein cholesterol (mg/dL) 134+ 6 127 =7
Triglycerides (mg/dL) 120 = 11 131 =12
Serum sodium (mmol/L) 140.8 + 0.1 140.1 + 0.2
Serum potassium (mmol/L) 4.0=+0.1 4.0+0.1
Serum creatinine (mg/dL) 0.8 0.1 0.9 0.1
Fasting plasma glucose (mg/dL) 109 = 3 116 = 8

Values are mean + SEM. * P < 0.05 between HT and NT.

the ESR method, we have been performing a series of exper-
iments regarding the membrane fluidity of red blood cells
(RBCs) in hypertension and have shown that membrane
fluidity was significantly lower in hypertensive subjects than
in normotensive subjects, particularly in the elderly [10—
15]. Because the deformability of RBCs might be highly
dependent on the membrane fluidity [8, 9], the reduction
in membrane fluidity could cause a disturbance in the blood
rheologic behavior and the microcirculation, which might
contribute to the pathophysiology of hypertension and other
circulatory disorders. In the present study, in order to assess
the role of inflammation in the regulation of membrane
function in hypertension in the elderly, we investigated
the relationships between plasma hs-CRP and membrane
fluidity of RBCs in hypertensive and normotensive elderly
men using the ESR and the spin-labeling method.

2. Subjects and Methods

2.1. Subjects. A total of 29 men with untreated essential hy-
pertension (age 63 = 2 years old) were studied and compared
with 18 age-matched normotensive men (age 64 = 2 years
old) (Table 1). The characteristics and laboratory findings
in both groups were shown in Table 1. All subjects had no
history of haematologic or hepatic disorders. All men were
nonsmokers. They had similar life styles and dietary habits
and were instructed to avoid any changes in dietary habits
at least 12 weeks before the study. The study was approved
by a local research committee of Kansai University of Health
Sciences. Written informed consent was obtained from all

participants when they were informed about the nature and
objective of the study.

2.2. Electron Spin Resonance (ESR) Measurements of RBCs.
Blood sampling was performed by venipuncture after 30
minutes of bed rest while fasting. The procedures of RBC
preparation and ESR measurements were shown previously
[9-15]. We evaluated the values of outer and inner hyperfine
splitting (2T" || and 2T" L in tesla (T), resp.) in the ESR spec-
trum for the spin label agents (5-nitroxide stearate, Aldrich
Co., Ltd., Milwaukee, WI, USA) (Figure 1), and calculated
the order parameter (S) [10-16]. The greater the value of the
order parameter (S) was, the lower the membrane fluidity of
RBCs was.

2.3. Nitric Oxide (NO) Metabolites (Nitrite and Nitrate) Anal-
ysis. The plasma levels of NO metabolites (nitrite and ni-
trate) were measured according to the method described pre-
viously [17].

2.4. Statistical Analysis. Values are expressed as mean + SEM.
The differences between hypertensive and normotensive men
were analyzed using an unpaired Student’s ¢-test. Linear re-
gression analysis was performed to assess the relationships
between membrane fluidity (order parameter: S) of RBCs
and plasma hs-CRP or NO metabolite levels. Multivariate re-
gression analysis with membrane fluidity (order parameter:
S) of RBCs as a dependent variable and plasma hs-CRP, age,
body mass index (BMI), hypercholesterolemia (more than
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FIGURE 1: Representative electron spin resonance (ESR) spectrum
of red blood cells (RBCs) for the fatty acid spin-label agents (5-
nitroxide stearate). We calculated the order parameter (S) from
outer and inner hyperfine splitting (2T[| and 2T’ L[10-16]). The
greater the value of the order parameter (S) was, the lower the
membrane fluidity of RBCs was [10-16]. (S: order parameter, 2T"[|:
outer hyperfine splitting, 2T" L: inner hyperfine splitting, T: tesla.)

220mg/dL), hyperglycemia (more than 110 mg/dL), and sys-
tolic blood pressure as independent variables was also per-
formed. A P value less than 0.05 was accepted as the level of
significance.

3. Results

3.1. Membrane Fluidity of RBCs in Hypertensive and Nor-
motensive Elderly Men. The order parameter (S) for 5-ni-
troxide stearate in the ESR spectra of RBCs was significantly
higher in hypertensive elderly men (HT) than in normoten-
sive elderly men (NT) (HT 0.729 + 0.002, mean + SEM,
n =29, NT 0.718 + 0.002, n = 18, P < 0.01). The finding
indicated that membrane fluidity of RBCs was significantly
lower in hypertensive elderly men than in normotensive
elderly men.

3.2. Plasma High-Sensitivity C-Reactive Protein and Plasma
Nitric-Oxide-Metabolite Levels in Hypertensive and Normot-
ensive Elderly Men. The plasma hs-CRP levels were signifi-
cantly higher in hypertensive elderly men than in normoten-
sive elderly men (HT: 0.157 = 0.022mg/dL, n = 29, NT:
0.072 = 0.009mg/dL, n = 18, P < 0.01). In contrast,
the plasma NO metabolites were lower in hypertensive
elderly men than in normotensive elderly men (HT: 36.0 +
24pmol/L, n = 29, NT: 52.5 + 52umol/L, n = 18, P <
0.01). In addition, in the overall analysis of hypertensive
and normotensive elderly men, plasma hs-CRP levels were
inversely correlated with plasma NO metabolites (r =
—0.291, n = 47, P < 0.05) (Figure 2).

3.3. Relationship between Membrane Fluidity of Red Blood
Cells and Plasma High-Sensitivity C-Reactive Protein, or
Plasma Nitric-Oxide-Metabolite Levels in Hypertensive and
Normotensive Elderly Men. The order parameter (S) of
RBCs was significantly correlated with plasma hs-CRP levels
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FIGURE 2: Inverse correlation between plasma high-sensitivity C-
reactive protein (hs-CRP) and plasma nitric-oxide- (NO-) metabo-
lite levels in hypertensive and normotensive elderly men.

(r = 0.416, n = 47, P < 0.01) (Figure 3) and was inversely
correlated with plasma NO metabolite levels (r = —0.362,
n =47, P <0.05).

In a multivariate regression analysis after adjustment for
general risk factors, plasma hs-CRP was an independent
determinant of membrane fluidity (order parameter: S) of
RBCs (Table 2).

4. Discussion

Evidence indicates that hs-CRP, an acute-phase of inflam-
matory marker, might be associated with increased risk of
cardiovascular events [2, 3]. In the present study, we assessed
the relationships between plasma hs-CRP levels and the
membrane fluidity (a reciprocal value of membrane micro-
viscosity) of RBCs in hypertensive and normotensive elderly
men using the ESR and the spin-labeling method. The
present study showed that the membrane fluidity of RBCs
was decreased in hypertensive elderly men compared with
normotensive elderly men. The result might be consistent
with our previous findings showing that the cell membranes
were stiffer and less fluid in hypertensive subjects [10-15].
Plasma hs-CRP levels were significantly higher in hyperten-
sive elderly men than in normotensive elderly men and cor-
related with the order parameter (S) of RBCs, indicating that
the reduced membrane fluidity of RBCs might be associated
with elevated inflammatory status. To our knowledge, this is
the first report demonstrating that CRP might have a close
correlation with membrane fluidity of RBCs in humans.
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FiGurg 3: Correlation between plasma high-sensitivity C-reactive
protein (hs-CRP) and membrane fluidity (order parameter: S) of
red blood cells (RBCs) in hypertensive and normotensive elderly
men.

TaBLE 2: Multivariate regression analysis for predicting order pa-
rameter (S) of RBCs.

SRC  t-value P value
Age (y.0) —0.215 —1.288 0.2053
Body mass index (kg/m?) —-0.197 —1.190 0.2409
Hypercholesterolemia (=220 mg/dL) —0.269 —1.986 0.0539
Hyperglycemia (2110 mg/dL) 0.178 1.318  0.1951
Systolic blood pressure (mmHg) 0.339  2.552  0.0146
Plasma hs-CRP (mg/dL) 0.353 2.603  0.0129

R? =0.373,n =47, F = 3.972, P = 0.0033.
SRC: standard regression coefficient.

Multivariate regression analysis also showed that plasma hs-
CRP was an independent determinant of membrane fluidity
of RBCs after adjustment for general risk factors. Because
the deformability of RBCs might be highly dependent on
the membrane fluidity [8, 9], the reduction in membrane
fluidity associated with increased hs-CRP levels could cause
a disturbance in the blood rheologic behavior and the micro-
circulation.

It was shown that shear rate, shear stress, and blood vis-
cosity were correlated with membrane fluidity of RBCs [18].
The finding proposed that in vivo shear forces might par-
ticipate in the control of RBC membrane fluidity and that
RBCs might adapt their membrane properties to blood flow
conditions. It was also demonstrated that RBC membranes
might become more rigid after myocardial infarction, which
could contribute to the decreased RBC deformability and
the increased blood viscosity in this group of patients [19].
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On the other hand, Cazzola et al. [20] reported that the
membrane fluidity of RBCs was decreased in the obese
subjects and proposed that a decrease in RBC membrane
fluidity could contribute to a reduction of the rate of blood
flow and the oxygen diffusion through the RBC membranes
and its exchange with tissues. It might be, therefore, possible
that alterations in RBC membrane fluidity with elevated hs-
CRP levels would be strongly linked to the progression of
circulatory disorders.

Recently, it was demonstrated that CRP might directly
impair the NOS expression in human aortic endothelial cells
in vitro [4]. It was also shown that endothelium-dependent
vasodilatory responses or microvascular endothelial func-
tions were reduced in humans with elevated plasma hs-CRP
levels [6, 21]. The results of the present study demonstrated
that plasma hs-CRP levels were inversely correlated with
plasma NO metabolites in the overall analysis of hypertensive
and normotensive elderly men. One hypothesis is that higher
hs-CRP levels could be accompanied by the reduced NO pro-
duction and endothelial dysfunction. In a study presented
earlier, it was shown that an NO donor significantly im-
proved membrane fluidity of RBCs in hypertensive sub-
jects, indicating that NO could have a beneficial effect on
the rheologic behavior of RBCs and the microcirculation
in hypertension [13-15]. We also demonstrated that the
reduced membrane fluidity of RBCs was associated with
the decreased plasma NO metabolites in overall analysis of
hypertensive and normotensive elderly men, which might be
consistent with our previous findings [13, 17]. It is, therefore,
strongly suggested that the effects of CRP on membrane
fluidity of RBCs might be mediated, at least in part, by the
impaired NO bioavailability, although direct actions of CRP
on membrane structural and functional properties cannot
be excluded. Further studies should be performed to assess
more precisely the relationships between CRP and NO and
their role in the regulation of membrane functions and
circulatory mechanisms in hypertension.

5. Conclusion

The results of the present study demonstrated that plasma
hs-CRP levels were elevated in hypertensive elderly men
compared with normotensive elderly men. In addition, it
was shown that the reduced membrane fluidity of RBCs
was correlated with higher plasma hs-CRP and lower plasma
NO metabolite levels, indicating that abnormalities in RBC
membranes might be associated with increased inflamma-
tory status and endothelial dysfunction in hypertension.
Although this is a cross-sectional and correlative study in
Japanese men, the results of the present study suggest that
CRP might have a close correlation with the rheologic behav-
ior of RBCs and the microcirculation and would contribute,
at least in part, to the circulatory dysfunctions and vascular
complications in hypertensive elderly men. Moreover, a
better knowledge of the inflammatory biomarker and cellu-
lar mechanisms underlying membrane abnormalities could
provide useful information concerning the pathogenesis,
treatment, and prognosis of hypertension in the elderly.



International Journal of Hypertension

Acknowledgments

This study was supported in part by Grants-in-Aid for scien-
tific research from the Ministry of Education, Science, Sports,
Culture and Technology of Japan (15590604, 18590658,
20590710 and 23590901), the Daiwa Health Foundation
(2001), the Uehara Memorial Foundation (2005), the Takeda
Science Foundation (2006), the Salt Science Foundation
(2007), and the Mitsui Foundation (2008).

References

(1]

(8]

©

(10]

(11]

[12

(13]

(14]

P. Libby, P. M. Ridker, and A. Maseri, “Inflammation and ath-
erosclerosis,” Circulation, vol. 105, no. 9, pp. 1135-1143, 2002.
W. K. Lagrand, C. A. Visser, W. T. Hermens et al., “C-reactive
protein as a cardiovascular risk factor more than an epiphen-
omenon?” Circulation, vol. 100, no. 1, pp. 96-102, 1999.

D. M. Lloyd-Jones, K. Liu, L. Tian, and P. Greenland, “Narra-
tive review: assessment of C-reactive protein in risk prediction
for cardiovascular disease,” Annals of Internal Medicine, vol.
145, no. 1, pp. 35-42, 2006.

S. K. Venugopal, S. Devaraj, I. Yuhanna, P. Shaul, and I
Jialal, “Demonstration that C-reactive protein decreases eNOS
expression and bioactivity in human aortic endothelial cells,”
Circulation, vol. 106, no. 12, pp. 1439-1441, 2002.

E. Qamirani, Y. Ren, L. Kuo, and T. W. Hein, “C-reactive pro-
tein inhibits endothelium-dependent NO-mediated dilation
in coronary arterioles by activating p38 kinase and NAD(P)H
oxidase,” Arteriosclerosis, Thrombosis, and Vascular Biology,
vol. 25, no. 5, pp. 995-1001, 2005.

M. J. Jarvisalo, A. Harmoinen, M. Hakanen et al., “Elevated
serum C-reactive protein levels and early arterial changes in
healthy children,” Arteriosclerosis, Thrombosis, and Vascular
Biology, vol. 22, no. 8, pp. 1323-1328, 2002.

R. A. Cooper, “Abnormalities of cell membrane fluidity in the
pathogenesis of disease,” The New England Journal of Medicine,
vol. 297, no. 7, pp. 371-377, 1977.

K. Tsuda and I. Nishio, “Membrane fluidity and hyperten-
sion,” American Journal of Hypertension, vol. 16, no. 3, pp. 259—
261, 2003.

J. Zicha, J. Kune$, and M. A. Devynck, “Abnormalities of
membrane function and lipid metabolism in hypertension: a
review,” American Journal of Hypertension, vol. 12, no. 3, pp.
315-331, 1999.

K. Tsuda, H. Iwahashi, and Y. Minatogawa, “Electron spin
resonance studies of erythrocytes from spontaneously hyper-
tensive rats and humans with essential hypertension,” Hyper-
tension, vol. 9, no. 6, supplement 4, pp. 19-24, 1987.

K. Tsuda and Y. Masuyama, “Age-related changes in mem-
brane fluidity of erythrocytes in essential hypertension,”
American Journal of Hypertension, vol. 3, no. 9, pp. 714-716,
1990.

K. Tsuda, K. Kimura, and I. Nishio, “Leptin improves mem-
brane fluidity of erythrocytes in humans via a nitric oxide-
dependent mechanism—An electron paramagnetic resonance
investigation,” Biochemical and Biophysical Research Commu-
nications, vol. 297, no. 3, pp. 672-681, 2002.

K. Tsuda, “Adiponectin and membrane fluidity of erythrocytes
in normotensive and hypertensive men,” Obesity, vol. 14, no.
9, pp. 1505-1510, 2006.

K. Tsuda, K. Kimura, I. Nishio, and Y. Masuyama, “Nitric
oxide improves membrane fluidity of erythrocytes in essential

(21]

hypertension: an electron paramagnetic resonance investiga-
tion,” Biochemical and Biophysical Research Communications,
vol. 275, no. 3, pp. 946-954, 2000.

K. Tsuda, Y. Kinoshita, K. Kimura, I. Nishio, and Y. Masuyama,
“Electron paramagnetic resonance investigation on modula-
tory effect of 17f-estradiol on membrane fluidity of erythro-
cytes in postmenopausal women,” Arteriosclerosis, Thrombosis,
and Vascular Biology, vol. 21, no. 8, pp. 1306-1312, 2001.

K. Tsuda, “Electron paramagnetic resonance investigation on
modulatory effect of benidipine on membrane fluidity of
erythrocytes in essential hypertension,” Heart and Vessels, vol.
23, no. 2, pp. 134-139, 2008.

K. Tsuda, Y. Kinoshita-Shimamoto, K. Kimura, and I. Nishio,
“Nitric oxide is a determinant of membrane fluidity of eryth-
rocytes in postmenopausal women: an electron paramagnetic
resonance investigation,” American Journal of Hypertension,
vol. 16, no. 3, pp. 244-248, 2003.

K. H. Le Quan Sang, J. Levenson, M. Del Pino, A. Simon, and
M. A. Devynck, “In vivo shear flow and erythrocyte membrane
fluidity in hypertensive patients,” British Journal of Clinical
Pharmacology, vol. 36, no. 5, pp. 437-443, 1993.

C. Saldanha, L. Sargenter, J. Monteiro, C. Perdigao, C. Ribeiro,
and J. Martins-Silva, “Impairment of the erythrocyte mem-
brane fluidity in survivors of acute myocardial infarction. A
prospective study,” Clinical Hemorheology and Microcircula-
tion, vol. 20, no. 2, pp. 111-116, 1999.

R. Cazzola, M. Rondanelli, S. Russo-Volpe, E. Ferrari, and B.
Cestaro, “Decreased membrane fluidity and altered suscepti-
bility to peroxidation and lipid composition in overweight and
obese female erythrocytes,” Journal of Lipid Research, vol. 45,
no. 10, pp. 1846-1851, 2004.

H. Teragawa, Y. Fukuda, K. Matsuda et al., “Relation between
C reactive protein concentrations and coronary microvascular
endothelial function,” Heart, vol. 90, no. 7, pp. 750-754, 2004.



MEDIATORS

INFLAMMATION

The SCientiﬁc Gastroentero\ogy & . Journal of )
World Journal Research and Practice Diabetes Research Disease Markers

International Journal of

Endocrinology

Journal of
Immunology Research

Hindawi

Submit your manuscripts at
http://www.hindawi.com

BioMed
PPAR Research Research International

Journal "’f
Obesity

Evidence-Based

Journal of Stem CGHS Complementary and L o' ‘ Journal of
Ophthalmology International Alternative Medicine & Oncology

Parkinson’s
Disease

Computational and . z
Mathematical Methods Behavioural AI DS Oxidative Medicine and
in Medicine Neurology Research and Treatment Cellular Longevity



