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Synthesis and Use of Artificial Red Cells

Jong Sik Hah, Eng Haeng Cho and Ku Ja Kim

Department of Physiology, College of Medicine, Ewha Womans University, Seoul, Korea

Hemoglobin was purified from the outdated human red blood cells. Phospholipids were purified from
egg yolk and stored in chloroform. The artificial red blood cells (hemosome) were prepared by

encapsulation of hemoglobin with phospholipid mutilayer using rotary vacuum evaporator. The shape

and size of hemosomes were measured by phase contrast microscope and image analyzer. The function

of hemosomes was tested by measuring oxygen dissociation curve using blood gas analyzer. In order

to test whether hemosomes are useful as blood substitute they were infused into rats of which one third

of total blood were drawn. The results obtained are summarized as followings.

1) Hemosomes were spherical shape and their mean diameter was 0.7 um.

2) Oxygen dissociation curve of hemosomes showed the same figure as that of normal red blood cells.

3) All rats given 1/3 transfusion with hemosomes survived until sacrificed whereas three of four rats

given 1/3 transfusion with saline died within 1 hour and the rest of them died within 24 hours.
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Table 1. The composition of the mixture gas possessing

a various oxygen partial pressure.

R e s
0 0 0 40 53 212 720 94.7 3788
10 13 52 40 53 212 710 934 3736
20 26 80 40 53 212 700 92.1 3684
30 3.9 156 40 53 212 690 90.8 3632
40 53 212 40 53 212 680 894 3576
50 6.6 264 40 53 212 670 88.1 3524
60 79 316 40 53 212 660 86.8 3472
70 92 368 40 5.3 212 650 85.5 3420
80 105 420 40 53 212 640 84.2 3368
90 11.8 472 40 53 212 630 829 3316
100 132 528 40 53 212 620 8l.5 3260
110 145 580 40 53 212 610 80.2 3208
120 158 632 40 53 212 600 789 3156
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Fig. 1. Thin layer chromatogram of the extracted egg
yolk phospholipids with standards of phos-
phatidyicholine and phosphatidylethanalamine.
A solvent system containing chloroform : meth-

anol : acetic acid : water (100:58:14:6) was
used to develop the chromatograms. The spots
were visualized by charring at 180°C for 10 min
after spraying with sulfuric acid : ethanol (1 : 1). E
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Fig. 2. Silicic acid separation chromatogram of the

extracted egg yolk phospholipids.

The extracted egg yolk phospholipids were
applied on the column, phosphatidylethanol-
amine was eluted with a solvent containing chlo-
roform : methanol (6:1) and phosphatidyl-
choline was eluted with a solvent containing
chloroform : methanol (3 : 2).

Hemoglobin peak

Hemosome peak

5 i0 15 20 25 30 35 40 45 50 % 60
Numoer of Tubes

XY AFEl o zdl e s 23590 Fig. 3. Sephacryl S-500 column chromatogram of

3. Hemosome2| HE}

Hemosomes] #efjo} 2718 243517 93l o

hemosome solution prepared by the method.
Optical density was automatically recorded by
the instrument. The bed volume of column was
7 ml and 550 1d per tube were collected.
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Fig. 4. The pictures of normal RBC and artificial red cells.
(A) Picture of normal RBC
(B) Picture of the artificial red cells (Hemosomes)
(C) Picture of hemosomes after storage for 2 weeks at 4C
(D) Picture of hemosomes with higher magnification
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Fig. 5. Histogram results obtained by image analysis (Quantimet 520) ot hemosomes.
(A) Histogram showing distribution of count vs length
(B) Histogram showing distribution of count vs area
(C) Histogram showing distribution of count vs perimeter
(D) Histogram showing distribution of count vs shape
All calibration units are microns.
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"Table 2. The effect of transfusion of hemosome to survival time of the bled rat
Amount of Transfusion Survival
. . Number of rats .
bleeding solution time
one third of , Three were died within 1 hr and
Control saline 4 . o
total blood the rest died within 24 hours
. All were alive about 3 weeks until
Experiment " Hemosome 5 .
sacrificed
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Preparation of Crude egg yolk phospholipids

. Separate egg yolks from whites.
. 12 egg yolks 4600 ml acetone.

>0 N

to air. Follow next step immediately.)

by Dr. S.W. Hui (RPMI, Buffalo, NY, USA)

. Homogenize in Waring Blender medium speed, 30 seconds and leave at room temperature for 10 min.

. Centrifuge at top speed (2~3000 rpm) for 10 min., 5C. Discard supernatant. (Don’t expose the precipitate

5. Extract precipitate with 1000 ml chloroform/methanol (1/1) mixture. Stir at room temp. for 15 min. Filter

through fast coarse filter paper. (Paper is ¢/m extracted) Don’t let precipitate on paper to dry. Extract the

whole precipitate again by transferring paper and precipitate to ¢/m (1/1). (1000 m! in 2 liter beaker).

Filter again as above. Save filtrates.

6. Weigh an empty 2000 ml round bottom flask 4 stopper. Combine extracts (filtrates) and evaporate to a

damp mass in the round bottom flask.



— g2 e a4 #2449 Al 13 1990—

7. Add approx. 50~ 100 ml petroleum ether (60°~80° boiling point) until it dissolves. Then add 500 ml
acetone slowly with stirring, while precipitate forms. Leave on ice for 2 hours. )

8. Decant supernatant. Wash precipitate with the aid of stirring rod three times with ice-cold acetone, épprox.
200 ml each timé. (Let precipitate settle between washes).

9. Dry the washed precipitate in evaporator and weigh flask +stopper + precipitate (under nitrogen). Dissolve
in chloroform 100~200 ml.

10. Transfer to a volumetric flask. Take samplé for phosphate determination (1 ml in 10 ml flask + chloroform)
and keep the rest under nitrogen in deep freezer. Usual yield: 18 g dry weight or 0.7 g of phosphorus.
Contains mainly; lecithin (phosphatidylcholine-PC) cephalin (phosphatidylethanolamine-PE).

Appendix 11

Purification of both PE and PC from crude egg-yolk phospholipids

by Dr. S.W. Hui (RPMI, Buffalo, NY, USA)

1. Activate silicic acid (S.A.) at 110°C for 3 ~4 hours. Cool in dessicator.

2. Suspend 400 g of S.A. in 2 liter of ¢/m (2/1). Decant or suck-off the fine particles. Resuspend and repeat
two times with ! liter of ¢/m (6/1). Washed S.A. is resuspended in 1 liter of ¢/m (6/1) and the column
pakced as described for alumina*.

3. Crude egg yolk phospholipid is applied on the column in small volume of ¢/m (6/1), details as for alumina.
Elution is continued with c/m (6/1). Loading factor 1 mg of phosphorus/gram of S.A. (25 mg phos-
pholipid/g) or 400 mg of phosphate extracted from 12 eggs on 400 g of S.A.

4. The elution of phospholipids is followed by spotting on thin layer plates, and charring with sulfuric acid.
If the flow rate is too slow apply nitrogen pressure. Flow rate should be 2~3 ml/min. Collect approx 20
ml/tube.

5. The main PE fraction appears between 900 ml and 1250 ml. The PE tail continues for another 1000 ml.

6. Collect fraction containing PE, (mix in two lots, main peak and tail), evaporate to dryness on rotary
evaporator (30 C). Dissolve dry PE in chloroform and transfer in volumetric flask with ground glass
stopper. Keep under nitrogen in deep freezer (in 100 ml chloroform).

7. When the main PE peak is eluted (after approx. 1250 ml), change solvent to ¢/m (3/2) and wait for the
appearance of PC (Lecithin) peak. Follow peak as before by spotting on thin layer plates.

8. The main peak of PC (free of ninhydrin reacting material) appeared at 3200 ml and continued for another
1000 ml.

9. Collect fractions containing PC, evaporate to dryness and dissove in 100 ml of chloroform.

*All solvents are equilibrated with Nitrogen by bubbling immediately before use.



