Online publication August 18, 2006

e IIITe0 0D 4600000000 70000D0D00D0DOOODOUOOD—-0O0DOOODDO-

godtdobobbodbogbobgubbbooogonbogbboo

—gooooooobbobood-—

gooao

goooooOoOoOoO0O00O000000OOoU0oOD0DoO0O0oooOoOoOoOooOoOooOoOOOoOoOoOO
00Do0ooooooooooon o fluidity O 0 microviscosityl 0 O M OO0 00000
gl U o
dooooooooooDoooooofuidityl D000 O0O0oO00oO0DO0oOoOooooooooonoo
gooooO0O0oO0o0OO0O00000oO0000o00ooooooooOooooOOOoOoOoOoOoOoOoOOO
OCfluidtyD0OOOOODOO0DO0DO0DO0DO0DO0O0O0000O0O0O0OOOOOOO0O0OO0OO0OO0O0ooooo
OOO0O0O0O0OO0invitroDOOODOOOOOOOODODDOOOOOfidtyDOOOOOOOOOO
CllO0U0DO0OoouoopDopbouooonoonDonDOod fluidityd O O microviscosityd O O O
goodoooooooNoODOO0OoOO0oooooooooDoooooooonDdfluidityd 00O
dooooooooooDdooooooooooDooDoooooooooDOooDoo fluidityd 00O
0 O O rheologic behaviord microcirculationD O 0 0000000000000 0ODOOOOOODOO
gooooO0O0oO0o0OO0O00000oO0000o00ooooooooOooooOOOoOoOoOoOoOoOoOOO
OO 00 OIJ Jpn Coll Angiol, 2006, 46: 359-3640

Key words: membrane fluidity, electron paramagnetic resonance, erythrocytes, insulin, leptin, exercise

good

000000 O fluidity[I microviscosityd O O 0 0O O
00000000 rheologic behaviorO OO OO0 00O
vascular biology microcirculationd D O OO0 00000
J0o0o00o0o0oooOoooOowooooooo
00000 D0 O O electron paramagnetic resonance: EPRO
0000oo0ooO0oo0oooOooooooooooo
Oo0o0oOOfuidityDO0OO0O0O0O0OO0OO0OO0OO0O0O0OO
ooooY{oooooooooOooooooooo
gooboboboooboboboooboboooooog
gooboboboooboboboooboboooooog
00o00oo0ooO0oo0oooOooooooOooooo
00o00oo0ooO0oo0oooOooooooOooooo
00o00oo0ooO0oo0oooOooooooOooooo
gooboboboooboboboooboboooooog

ooooooooooooooobobooOoooooo
ooooooooooooooobobooOoooooo
ooooooooooooooobobooOoooooo
000000000 @oebO OO0 MOOOOOOODO
oooooooooooooooboboooooooo
oooooooooooooooboboooooooo
ooooooooooooooobobooOoooooo
ooooooooooooooobobooOoooooo
obooobooboobooooooooooood
oooooooooooooooboboooooooo
oooooooooooooooboboooooooo
gbbooboboooooboooooooooooooca
OoOO0OO0OOnitricoxid NOO OO OOOOOOOOO
oooooooooooooooboboooooooo
oooooo

oooooooooooooog

THE JOURNAL of JAPANESE COLLEGE of ANGIOLOGY Vol. 46, 2006

20060 10 50000020060 50 3000

359



poooooOoooooOoOoOo0OOoOoOoOOOOO0ObOOOOOOObO

OO00ooooooooooofluidityd 00O

000030 000ooo0ooooooooooo
000o0oooooooooOno Tris-HC bufferd O
00 000db5-nitroxide stearatél 5-NS[O O O O 16-
nitroxide stearate] 16-NS[O 0 0000 00OO0OODOO
OO0O00O00000OoOfluidityD OO0 O power 5
mW, modulation frequency 100 kHz, modulation amplitude
2.0 gauss; G, scan width 3280 + 50 G, sweep time 8 min,
response time 1.0 sec(¥"*"0 0 0 0 0 0 O O O 5-NSO 16-
NSO huffer0 OO0 0000000000 OOOOOOO
000000 s o0o0ooooopoooooobooo
gooooOoUOOoOoOoOoOooooOoOoOooooooo
OmsNSOOOOoOoOoooo1w.e-NsOooooooo
O00o0oo0mooooooooooooooooo
000000000000000000Mm Fig 108750
godobobooobobOparameterd JO0 0 Oooog
dooooooOfuidityDDOoOOoDOoDoDOoooDOoO
spectrum O O [0 O O order parameter] SCTJ [0 [0 [0 O peak
height ratial hosh<.[0 00000000 O fluidity 0 O O
O00oOooOoooooo?

OO0OfluidityDOO0ODOOOODOOOO
oooobooooon

JooooooooOfuidityDOOoDooooonoo
O00invitroD OOOODOO0ODOOODOOOOOODO
O00O0O0fluidiyDODOOOOOOOOFg 200000
00000000000 order parametedd SCO 0 O OO
peak heightratial ho/h: [0 0000000000000
000000000000 order parameter] SCO O O O
0 peak heightratiol hoh2 (D 0 00000000000
0ooooooooooofuidtyDDOOODOOOOO
000000000mediumd 0 Cafl 1 mmol/LTD O O
0000000000 oCfluidtydDOOOOO0oOoo
0000000000000 0DO0oooooooa
d000O000O0o0o0ooOoOoca*00oooooon
00000000o0O0o0O0oO0o0OdnoOCachannel
blocker O O O diltiazemJ 0 000000 OO0OOOOO
0000 Ca*0 0 0order parametel] ST O O O peak
heightratidl hosn D 0 0000000000000
O000D0o0ooooUuoUoOoooooocoooo
dooooooooooooooooooOoo fluidity

360

(5-nitroxide stearate)

1
2T —

"
"
"
'
'

—2T L LS

TH=-TL ,_an

Order par: (s)= Tee—To - &

(16-nitroxide stearate)

Peak height ratio = hs/h_,

Figure 100 Electron paramagnetic resonance spectra for eryth-
rocyte membranes.

The greater the values of the order parameter (S) and the peak
height ratio (ho/h-1), the lower the membrane fluidity of eryth-
rocytes.
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Figure 200 Effects of insulin on membrane fluidity of erythrocytes.

goo0ob00ooooOOoooOoooOooooooomon
000d0dgdoel+£10puU/mLONn=160000005.6
05uUmMLON=170p< 0050 0 00000O0O0OOO
0 0O O O order parameteld S[TJ 0 O O O peak height ratio
Oh/ha@MOOOO0ODO0OO00D000DO0O0O0OoO0™Oo0
godboboboooboboboouobobboooooog
fludtyd OO OOOOO0OO0OO0O0DO0oO0OooOoooooon
0oooooooodfuidityDODOOooooooo
Joo0obDooooboOoOdinvitrod DOODOODO
goooopoodofuidtyd DDODDOOODOOODO
OUo0ooooooooooooooo*ooooo
godboboboooboboboooobboooooog
0*Oo0o0oooooooooooo

oooDo0O0o0oo fluidityd
gboooooobooo

O0000ooOoOoO0Ofuidiyd DOOOOOoooO
Oo00o0ooU00oooUoooooooooooooo
00000000 D order parameter! SCT O O O O peak
height ratial ho/h-:(T1 O 0 0 O O O fluidityD O 0 O O

0000 Vol. 46, 2006

microviscosity) 0 0 [0 O (M Fig. 30"0 000000
gONoOOOODODOoOooONoODOooOooboDooo
Jgoo0bO0o0o0oobO0oOo0oobOo0oO0boDbOOoNon
OOCfuidtyDOoOOoOOOOOOOOoOOoOOoO*ooo
O000O0ooOoooooooOfluidtyDOOooOO
ONO donorddOL-arginineld S-nitroso-N-
acetylpenicillamine O O O O 8-bromo-cGMPUO 0 O O
000000 0ONO synthase inhibitord O O N®-nitro-L-
arginine methylester(] asymmetric dimethylarginine] 0 [
000 0000000000000 OfluidtyD0OQ
ooooOooNoOOOOUOOoOoooOoooUooooo
00000000 fluidityD O 00 OO O Ca-ionophore
A231870 00 0000000000000 O00OCa00
goooooboobooboobooboobooboog
0000000000 000o0ooooOoOooooY
Jo0o0Oo0o00ooOOoOoboOoNoOOODOODOU oppo-
site effectt) 0O 0 O 0 O O O O O microviscosityD 0 O O
O0000Odefense mechanismd O 000000000
O00o00oo0ooO0o0o0oooOooooooooooo
goobobbooooboooobobuoooboooog

361



poooooOoooooOoOoOo0OOoOoOoOOOOO0ObOOOOOOObO

0.725- 515
n=30 mean + SEM
u 5.10 4
0,220 o | # P < 0.05 vs Control
onsd  —— 5.05 4
0.7104 5.00 4
0.705+ 485+ =
3 +
- ] S 4.90 1
e n=30 E n=30
S e e 3 4851 __}_-s 0
n=30 = - =30
0.690 ——® 2 404 —|— L
n=30 = _|_ "
2 jeas- —— % pe3n 2 4,7;1
@ + L -4
g 0,680 g 4701
0.675- B 4654
0.670 ket
0,665 4,554
0,660 4.50
0655 4,45 4 )

i in  Lepti Control Leptin  Leptin  Leptin  Leptin
il L‘fggn Lﬁ;ﬂ" L:aggn 104'1 (g/mil) ﬂ:’E 13-’ 10% 105 (g/ml)

Figure 30 Effects of leptin on membrane fluidity of erythrocytes.
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Figure 40 Effects of aerobic physical exercise on membrane fluidity of erythrocytes.

HT: hypertensive subjects, NT: normotensive subjects
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Figure 50 Relationship between exercise-induced
changes in membrane fluidity of erythrocytes and
HOMA-IR in hypertensive and normotensive sub-
jects.

HT: hypertensive subjects, NT: normotensive sub-
jects, HOMA-IR: homeostasis model assessment
of insulin resistance
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Abnormalitiesin Membrane Function and the M etabolic Syndrome
—An Electron Paramagnetic Resonance Study—

Kazushi Tsuda
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Recent studies have shown that abnormalitiesin physical properties of the cell membranes may underlie the defects
that are strongly linked to hypertension, stroke, and other cardiovascular diseases. In the present study, we examined the
membrane fluidity (areciprocal value of membrane microviscosity) of erythrocytes in hypertensive subjects with
hyperinsulinemia and metabolic disorders using the electron paramagnetic resonance method. We demonstrated that
membrane fluidity of erythrocytes was significantly lower in hypertensive subjects than in normotensive controls. It was
shown that the higher the plasma insulin levels, the lower the membrane fluidity of erythrocytes. In anin vitro study,
insulin alone and in combination with calcium markedly decreased membrane fluidity. In contrast, leptin increased
membrane fluidity and improved the rigidity of cell membranes via the nitric oxide (NO)-dependent mechanism.
Intervention with aerobic physical exercise significantly restored membrane fluidity with a concomitant amelioration
of insulin-sensitivity. We propose that decreased membrane fluidity of erythrocytes might cause a disturbance in the
blood rheologic behavior and the microcirculation, and that improvement of membrane function could partly contribute
to the prevention against circulatory disorders in subjects with the metabolic syndrome.

(J Jpn Coll Angiol, 2006, 46: 359-364)
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