SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

RIMIKEFEEDEERVAE E DA MR EICE T 57
i

/

L,
RAMKRFRER S S —

o, WNF
NMRERLERE SRR EARE

https://doi.org/10.15017/10777

HARIESR : BERS. 30, pp.11-18, 2008-04-15. WM KZRERERZEV S —
N— 30

HEFIBAMR



Woge A
Vo0l.30,2008 4= 3 H

4 S
L =
[] (T DR

IR ERZE T RE D E BHIHIE & i 2 M MEIZ B 1T 5 AT

Jul e, mHERTEY

Quantitative Investigation of Erythrocyte Filterability with Special

Reference to Females with Cold Intolerance

Toru MARUYAMA"" and Kyoko ARTYOSHI?

Abstract

The deformability is essential for passage of human erythrocytes through microvascular network in
the physiological microcirculation. However, the concept of erythrocyte deformability has no strict
definition as a physical quantity. Therefore, evaluation of erythrocyte deformability depends on the
modality of the measurement techniques. Deformability has been quantified as filterability in the
erythrocyte filtration experiments, where erythrocyte deformation shows bending configuration.
Although filtration technique evaluates physiological in vivo deformation of intact erythrocytes,
conventional filtration experiment was not quantitative and reproducible due to filter membrane
properties. Contrary, newly developed nickel mesh filtration technique is highly sensitive and
quantitative. This technique has been applied to clinical science such as hematological diseases but not
to life science in our laboratory. Therefore, we investigated the erythrocyte filterability in 47 Japanese
women with cold intolerance (so-called ‘Hie-Sho’). Filterability was found to be impaired significantly
(p <0.001) in these subjects (84 to 85%) relative to the controls (88%). This finding was not influenced
by menopause and administration of flavanol which is believed to exert antioxidant, anti-inflammatory
and antiplatelet actions. These observations are supportive to our hypothesis that women with cold
intolerance show small vessel constriction to respond cold stimuli and to prevent heat loss in periphery,
which causes mechanical stress on intact erythrocytes and impairs erythrocyte filterability, leading to
further disturbance in microcirculation and heat transfer. Considering the negative effects of flavanol,
mechanical but not oxidant stress is involved in the impaired filterability and skin capillary constriction
is a compensatory mechanism of thermoregulation in cold intolerance.
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Fig.1: A Relationship between vessel diameter (« m) and
apparent blood viscosity relative to plasma viscosity as 1.0.
Curves (—, ---, etc.) are fitted theoretically based on the
experimental data (O, @, etc.). Note that o effect is
evident as hematocrit values in parentheses are increased?®.
B Configuration of erythrocytes passing through narrow
capillaries showing bending deformation®.
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Fig.2: Scanning electron micrographic findings of Nuclepore filter
(A) and nickel mesh filter (B). A Left-sided magnification
corresponds to the inside of square in right side. B Left lower
magnification demonstrates entrance of a single pore with a
diameter ranging 3 to 6 « m.
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Nickel Mesh Filter
Fig.3: A Schematic illustration of nickel mesh filtration technique.
Pressure fall is continuously monitored by pressure transducer and
transformed to height of liquid level of preparation (#). Flow rate
is calculated by the first time derivative of h (Ah/At) and
cross-sectional area of vertical tube. B P-Q and h-t relations
visualized on the computer screen. Preparation is dextran sulfate
diluted with various extents showing Newtonian behavior. P:
pressure, Q: flow rate, o : density of preparation, D: diameter of
vertical tube.
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Fig.4: Morphology of erythrocytes from a patient with sickle cell
disease in the oxydated (left) and deoxydated (right) conditions
(with special courtesy of Nobuhiro Uyesaka, MD. PhD.,
Department of Physiology, Nippon Medical University).
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Fig.5: Our hypothesis with respect to the mechanisms of cold
intolerance (so-called ‘Hie-Sho”).
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Fig.6: A Pressure-flow relationships in control buffer solution (O),
erythrocyte suspension of control subjects ([J) and those of
women with cold intolerance (A, @, M). Pore diameter of
nickel mesh is 4.56 « m. B Filterability is quantified as
percentage of flow rate of erythrocyte suspension relative to that
of buffer solution at 100 mmH,0. Erythrocyte filterability is
impaired in cold intolerance compared with control subjects
(p<0.001) irrespective of menopause (i.e., S1: postmenopausal
women, S2: premenopausal women) and administration of
oligomeric procyanidins (OPCs). RCF: red cell filterability
(Reproduced with permission of the Japanese Society of
Biorheology)®).
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