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The Stabilizing Effects of Phosph;)lipids on the Human
Erythrocyte Membranes .

Yong Ki Kim* - Jae Back Knm**

Phospholipids were examined for their capacity to protect human erythrocy-
tes against hemolysis induced by hypotonic solution, p- hydroxymercurlbenzoate
or hematin. The following results were obtained. o

1. Phosphatidyl choline, lysophosphatidyl choline ‘and phophatidyl ethanolea-
mine as well as chlorpromazine prevented the osmotic hemolysis of human
erythrocytes which occurred due to water influx inta erythrocytes from medium, -
but showed no effect on hematin-induced hemolysis which occurred without
the volume change of erythrocytes.

2. Human erythrocytes were found to be most sensitive to the antihemolytic
action of phospholipids among mammalian erythrocytes from sheep, rabbit, rat
and mouse. T

3. Phospholipids at the concentrations showing their strong antihemolytic
effect on human erythrocytes against osmotic hemolysis had no influence on
methylene blue uptake and volume change of erythrocytes in hypotonic solution.

4, Phospholipids increased erythrocyte d‘eformability 2 to 3 times over control
group and there was aclose relationship between their antihemolytic action and
increase of deformability as a function of their concentrations.

5. The phospholipids increased the resistance to osmotic hemolysis of human
erythrocytes by increasing membrane elasticity through their incorporation into

lipid bilayer without altering glucose metabolism -and water influx to erythr-
ocytes.
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Figure 1—-Effects.of phospholipids and chlorpromazine on hypotonic(A), p-hydroxymercu-
ribenzoate(B) or hematin(C) induced hemolysis of human erythrocytes. The rea- -
ction mixture for hypotonic hemolysis contained 54mM NaCl, 10mM sodiunx
phosphate buffer (pH 7.4) and 0.1ml of 20% erythrocyte suspensxon in a total
volume of 4ml.

After incubation for 5min. at 20°C, the reaction mixture was centrifuged at
1,000x g for 1 min. and the hemoglobin in supernatant fluid was measured ‘at 540
nm. The reaction mixture for -p-hydroxymercuribenzoate or hematin contained
154mM NaCl, 10mM sodium phosphate buffer(pH 7.4), 50¢M- p-hydroxymercuri-
benzoate or 20¢M hematin, and 0.1ml of 20%  erythrocyte suspension in-a total

_ volume of 4ml. Incubation was carried out at 37°C for 1-2 hours. :

Phosphatidyl choline(A——A), lysophosphatidyl choline(X -+ x) phosphatidyl
ethanolamine(#——%), sphingomyelin(Q--+--:Q) or chlorpromazine(@—@) was
previousely added into medium. * Hemolysis in the absence of the drug-being

taken as 1.
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Figure 2—~Effects of phospholipids and chlorpromazine on the hemolysis of human eryth-
rocytes during the storage at 4.

One milliliter of 20% erythrocyte suspension was added to 39ml of the reacti-
on mixture containing 154mM NaCl, 10mM sodium phosphate buffer(pH7.4) and
10-8M lysophosphatidyl choline, 10-*M phosphatidyl choline or 5X 10-°M chlorp-
romazine. After storage at 4°C for the given time, an aliquot of 4ml was rem-
oved and centrifuged. The hemoglobin in the supernatant fluid was measured
at 540nm.
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. Table [ —Antihemolytic Effects of Phospholipids: and Chlorpromazine on the Mammalian

Erythrocytes
Inhibition of.Hypotonic Hemolysis, %4
Sources
Phosphatidyl Lysophosphatldyl ) .
choline choline Chlorpromazine
Human v 77 v 76 ‘ 82
Sheep , 31 29 22
Rabbit 17 11 3
Mouse 8 7 6
Rat 6 5 4

The reaction was carried out at 20°C for 5min. in the reaction mixture containing 54mM
NaCl, 10mM sodium phosphate buffer(pH 7.4), 10~*M phosphatidyl choline, 10~¢M lysoph-
osphatidyl-choline or 5x10-°M chlorpromazine and 0.Iml of 20% eérythrocyte suspension
in a total volume of 4ml.

Table T —Effects of Phospholipids and Chlorpomazine on Methylene Blue Uptake bv Hum-
an Erythrocytes

Additions Methylene Blue Uptake(%)
None 50+6
Phosphatidyl choline, 10-*M 4745
Lysophosphatidyl choline, 10-5M 4847
Phosphatidyl ethanolamine, 10-*M 4947
Chlorpromazine, 5x10-M 5346

The reaction mixture contained 0.5ml of 0.006% methylene blue, 3ml of glucose-saline
solution(0.9% NaCl; 0.2% glucose) and 0.5ml of 40% erythrocyte suspension. -After incu-
bation at 25° for 30 min., the mixture was centrifuged at 1,000Xg for 2min. Methylene
blue remaining in the supernatant fluid was measured at 615nm.

kTable I —Effects of Phospholipids and Chlorpromazine on the Change of Human Erythro-
cytes Volume in Hypotonic Solution '

Additicns Volume Increased(fold)
None 2.0640.25
Phosphatidyl choline, 10*M 2.104+0.20
Lysophosphatidyl choline, 10-°M 2.1240.23
Phosphatidyl ethanolamine, 10-*M 2.094-0.19
Chlorpromazine, 5x10-¢M 2.134+0.28

The washed human erythrocytes weré suspended at a concentration of 20% in 54mM Na-
Ci-10mM sodium phosphate buffer(pH7.4) and phospholipids or chlorpromazine as indicated.
After incubation at 20° for 5 min, an aliquot was transferred to ,Wintrobe tube and centr- -
‘ifuged at 1,000xg for 3min. The increase of erythrocyte volume was calculated from hem-
atocrit value of unhemolysed erythrocytes.
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Table IV —Effects of Phospholipids and Some Drugs on the Deformability of Human Eryt-

hrocytes
Additions ‘ Filtration

m1/10>min %
None 0.18 100
Phosphatidyl choline, 10~*M 0.49 272
Lysophosphatidyl choline, 10-M 0.55 305
Phosphatidyl ethanolamine, 10-*M 0.40 222
Chlorpromazine, 5x10-M 0.45 250
Pentoxifyllin, 10-°M 0.45 - 250~

Two mililiters of 80% erythrocyte suspension in saline’ soiution were filtered through
Whatman chromatography paper No.l(diameter, 23mm) for 10 min, and filtered volume
was measured. The paper layered on microfiltering apparatus was prewetted with saline 2
min before erythrocyte was poured on paper.
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Figure 3—Relationship between antihemolytic effect and increase of deformability as a
function of phospholipid concentration.” Hoemlysis: phosphatidyl choline(A—

) lysophosphatidyl choline(@ —&)
Filterability: phosphatidyl choline(A——A) lysophosphatidyl choline(&—&)
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