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Effect of in vitro Treatment with Glycerophospholipid Containing Highly Polyunsaturated
Fatty Acids on Deformability of Human Erythrocytes

Masahiro Nojima,*' Masashi Hosokawa,*' Koretaro Takahashi,*!
Mutsuo Hatano,*! and Yuji Kikuchi*?

The flow rate of human erythrocytes on microchannels was measured to evaluate their deformability
when treated with soy phospholipids, hydrogenated soy phospholipids, phospholipids containing icosape-
ntaenoic acid (EPA) and docosahexaenoic acid (DHA). EPA-containing phosphatidylserine and
DHA -containing phosphatidylcholine or phosphatidylethanolamine were observed to be the most effective
lipid molecular species to improve the deformability of human erythrocytes, while hydrogenated phospho-
lipids tended to impair deformability.
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Table 1. Fatty acid composition of substrate lipids

LPC EPA DHA Soy PC
Sat.
16:0 24.5 1.0 — 13.3
18:0 6.5 — 0.2 4.1
Mono.
18:1n-9 1.1 — — 10.7
Poly.
18:2 n-6 52.3 1.7 0.3 65.7
18:3 n-3 5.1 14 - 6.2
20:5n-3 — 90.9 1.5 —
22:5n-3 — — 35 —
22:6n-3 — 0.4 88.2 —

Abbreviations: LPC, lysophosphatidyicholine; Soy PC, soy
phosphatidylcholine.
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Fig. 1. Outline structure of the artificial capillary
model.

(a) Outline structure. The silicon substrate
surface has the compartments (wells) parti-
tioned by the banks. (b) Magnified view of the
bank. The level areas (terraces) are placed at
the two sides of the bank at the same level as
the groove depth. (c) Blood passage. The
contact of the upper surface of the bank with
the glass plate can be made watertight with
mechanical pressing alone because of the optical
flatness of both surfaces.
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Table 2. Fatty acid composition of PCs prepared

sn-2 sn-2 sn-1 Salmon roe HPC
EPA-PC DHA-PC EPA-PC PC
Sat.
16:0 12.7 13.5 4.8 22.7 12.8
18:0 2.8 3.0 1.2 7.2 79.9
Mono.
18:1 n9 57 5.9 83 14.2 6.2
Poly.
18:2 n-6 26.9 26.4 49.3 — —
18:3 n-3 29 2.6 4.9 — —
20:5n-3 48.0 1.0 31.1 15.0 —
22:5n-3 — 1.6 — 4.9 —
22:6n-3 —_ 43.2 — 28.8 -
Abbreviations: sn-2 EPA-PC, PC containing icosapentaenoic acid (at sn-2); sn-2 DHA-PC, PC cc docosah oi¢ acid (at

sn-2); sn-1 EPA-PC, PC containing icosapentaenoic acid (at sn-1); Salmon roe PC, natural occuring PC prepared from chum salmon

roe; HPC, hydrogenated PC.

Table 3. Fatty acid composition of PEs prepared

sn-2 sn-2 sn-1 Salmon roe

Soy PE EPA-PE DHA-PE EPA-PE PE HPE
Sat.
16:0 12.9 12.2 12.8 35 17.1 21.0
18:0 3.5 35 3.6 —_ 7.9 50.1
Mono.
18:1n-9 10.9 5.8 5.8 7.6 12.2 25.9
Poly.
18:2 n-6 66.3 26.6 25.3 47.1 — 21
18:3 n-3 6.3 32 2.5 4.5 — —
20:5n-3 e 45.4 1.4 355 14.9 —
22:5n-3 - -— 2.1 — 6.6 —
22:6n-3 - - 42.2 — 27.8 —_

Abbreviations: Soy PE, prepared by transphosphatidylation of Soy PC; sn-2 EPA-PE, PE containing icosapentaenoic acid (at sn-2);

EN

sn-2 DHA-PE, PE c«

ing docc

vic acid (at sn-2); sn-1 EPA-PE, PE containing icosapentaenoic acid (at sn-1); Salmon roe

PE, prepared by transphosphatidylation of Salmon roe PC, HPE, hydrogenated PE.
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Table 4. Fatty acid composition of PSs prepared
n-2 sn-2 sn-1 Salmon roe

Soy PS EPA-PS DHA-PS EPA-PS PS HPS
Sat.
16:0 14.1 14.3 14.9 3.3 16.6 19.1
18:0 33 3.8 3.9 - 15 58.5
Mono.
18:1 n-9 11.2 6.3 6.3 7.7 11.9 17.8
Poly.
18:2 n-6 63.7 27.7 26.7 47.0 - 2.5
18:3n-3 6.3 32 2.3 4.5 -— —_
20:5n-3 —_ 41.8 1.1 35.2 14.6 ~—
22:5n-3 — — 2.4 - 6.2 —
22:6n-3 — — 39.6 - 30.1 —

Abbreviations: Soy PS, prepared by transphosphatidylation of Soy PC; sn-2 EPA-PS, P§ containing icosapentaenoic acid (at sn-2);
sn-2 DHA-PS, PS containing docosahexaencic acid (at sn-2); sn-1 EPA-PS, PS containing icosapentaenoic acid (at sn-1); Salmon roe
PS, prepared by transphosphatidylation of Salmon roe PC, HPS, hydrogenated PS.
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Fig. 2, Reproducibility of deformability obtained by
measurements with artificial capillary model.
(Groove length of microchannel: 10um;
Negative pressure applied to the reservoir 7.4
mmHg (10cm H,0); Temp.: ambient (24°C))
Control (a) (b): red blood cell suspensions were
prepared by incubation without phospholipid.
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Fig. 3. Flow curves of RBC treated with various PC, PE and PS to evaluate deformability by artificial capillary

model.

(Groove length of microchannel: 10 zm; Negative pressure applied to the reservoir 7.4 mmHg (10 cm H,0);
Temp.: ambient (24°C)) Abbreviations: RBC, red blood cells. See Table 14 for other abbreviations.
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<«— flow direction
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<— flow direction
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Fig. 4. Microscopic observation of RBC treated
with HPC (a) and sn-2 DHA-PE (b) in

microgrooves of artificial capillary model.

(Groove length of microchannel: 10 um;
Negative pressure applied to the reservoir 7.4
mmHg (10cm H;O); Temp.: ambient (24°C)
Abbreviations: HPC, hydrogenated PC; sn-2
DHA-PE, PE containing docosahexaenoic acid

(at sn-2); RBC, red blood cells.
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Table 5. Changes in fatty acid composition in RBC
before and after incubation with sn-2 EPA-PC-

Untreated sn-2 EPA-PC
RBC treated RBC

Sat.
16:0 30.8 28.8
18:0 9.9 9.6
Mono.
18:1n-9 19.3 17.6
Poly.
18:2 n-6 13.3 13.6
18:3 n-3 — —
20:4 n-6 13.7 13.4
20:5n-3 0.9 2.0
22:5n-3 1.3 15
22:6n-3 4.9 5.8

Abbreviations: RBC, red blood cells; sn-2 EPA-PC, PC
containing icosapentaenoic acid (at sn-2).
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