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Feed containing 0.5%

Feed containing

Standard feed 0.5% cholesterol
cholesterol and DHA
[0} 24 week 44 week 48 week
) ) ) 1 1
DHA-added before 1 2 3 4 week

Fig. 1 Experiment method.
cholesterol-containing feed for the next 20 weeks.
weeks of age.

Japanese white rabbits were given a standard feed for 24 weeks of age, followed by 0.5%
DHA (500 mg/kg/day) was added to feed for 4 weeks starting at 44
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Fig.2 Changes in the maximum passage pressure (MPP) of erythrocytes after addition of DHA. The MPP of erythrocyte
increased significantly after giving high-cholesterol feed (264.3=+13.7 mmHg at 44 weeks of age) compared to the baseline
determined at 24 weeks of age (166.5+10.9 mmHg), but it decreased significantly after switching to DHA-added feed
(247.8+9.8 mmHg at 45 weeks of age; 224.84+10.8 mmHg at 46 weeks of age; 193.6+15.3 mmHg at 47 weeks of age ;

and 170.9+7.8 mmHg at 48 weeks of age).

determined at 24 weeks of age. Values are means+=SD (n=10).* : Significant differences from 24 weeks of age.
0001. **: Significant differences from 44 weeks of age.

In 4 weeks, the MPP of erythrocyte almost completely returned to the baseline

*p<0.
**p<0.001.
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Fig. 3a

FT-IR spectrum of the erythrocyte membrane before feeding with DHA-added feed (44 weeks of age). The spectrum,

determined at 800-3,140 cm~!, showed peaks at 1,735cm™* (C =0), 1650 cm™ (amid 1), 1,540 cm™! (amid II), and 1,
070 cm~! (C-O-C). Each peak was shown as the ratio to amid I.
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Fig.3b FT-IR spectrum of the erythrocyte membrane 2 weeks after feeding with DHA-added feed (46 weeks of age). The
peaks at 1,735cm™! (C=0) and 1,540 cm™! (amid II) remained virtually unchanged compared to those before feeding
with DHA-added feed (44 weeks of age), but the peak at 1,070 cm~! (C-O-C) nearly doubled.
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Fig. 3¢

FT-IR spectrum of the erythrocyte membrane 4 weeks after feeding with DHA-added feed (48 weeks of age). The

peaks at 1,735cm™ (C=0) and 1,540 cm™' (amid II) remained virtually unchanged compared to those before
feeding with DHA-added feed (44 weeks of age) , but the peak at 1,070 cm™ (C-O-C) increased nearly 4 times.
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Fig.4 Time-course changes in the FT-IR spectrum 1 to 4 weeks after feeding with DHA-added feed. The spectrum at 1070

cm™! (C-O-C; a) increased over time after starting feeding with DHA-added feed. The spectrum at
; @) and 1,540 cm™! (amid 11 ;

(C=0; @), 1,650 cm™" (amid I
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TETFEIAFMIC & £, EPA LEIUL 7 7% R
OO ICIEERICIRDAEFNS LHEESNLTY
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Docosahexaenoic acid (DHA ) : (C ,,.4)

Fig.5 Structure of DHA

1,735 cm™!
m) showed no significant change over time.
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Effects of docosahexaenoic acid on erythrocyte deformability
—— Analysis of the spectrum of erythrocyte membranes
using FT-IR microspectrometry ——

Yasuhisa KAWASAKI, Masao KANAZAWA, Yoko NOTOYA
and Katsuo AIZAWA*

Third Department of Internal Medicine, Tokyo Medical University
(Director : Prof. Tohru HAY ASHI)
*Department of Physiology, Tokyo Medical University

Abstract

Docosahexaenoic acid (DHA), an n-3 polyunsaturated fatty acid, improves erythrocyte deformability and inhibits platelet
aggregation. In this study we evaluated the effects of DHA on the erythrocyte deformability by measuring the maximum
passage pressure using the Swank method. We also determined the FT-IR spectrum in order to investigate the binding
between the erythrocyte membrane and DHA. Rabbits were given feed containing 0.5% cholesterol for 20 weeks from 24
weeks of age and feed containing 0.5% cholesterol and 500 mg/kg of DHA for 4 weeks from 44 weeks of age. Before ingestion
of the cholesterol-containing feed, the maximum passage pressure of erythrocyte was 166.5 mmHg. After ingestion, the
pressure increased to 264.3 mmHg, but it returned to 170.9 mmHg after four weeks of feeding with DHA-added feed.
Changes in the components of the erythrocyte membranes were evaluated based on the FT-IR spectrum. The absorbance of
C-O-C in the erythrocyte membranes from rabbits given the DHA-added feed increased nearly 4-fold compared to the
baseline before DHA addition. This increase was thought to be attributable to the binding of the COOH group of DHA
to the erythrocyte membranes and the resulting formation of a C-O-C structure. Findings obtained by the FT-IR method
suggested that DHA improves the erythrocyte deformability by binding to the erythrocyte membranes and altering the two-
layer structure of the phosphate lipids which compose the erythrocyte membranes.

{Key words> FT-IR microspectrometry, Erythrocyte deformability, Erythrocyte membrane, Docosahexaenoic acid
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