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In Memoriam:

Memorial for Professor Eishun Tsuchida

Eishun Tsuchida (Professor Emeritus, Waseda University) passed away on April 25, 2010 at the age of 79 years. I first met
him in the 1980's when he presented his research in an international congress and I have been impressed ever since with his
research, development and contribution to the area of blood substitutes. We have developed a very close research and collegial
friendship and it is with great sadness that it has to come to an end.

Professor Tsuchida obtained his PhD from Waseda University in 1963, and rose rapidly from assistant, lecturer, assistant
professor to his professorship appointment in 1973. His pioneering research led to the establishment of a new field of
"macromolecular complexes as functional material systems". He held important positions in the Chemistry Society of Japan and
The Society of Polymer Science, Japan. Examples of his many awards and prizes included the Purple Ribbon Medal in 1998, and
the Grand Cordon of the Sacred Treasure in 2004. His most important life’s work is in the area of blood substitutes. He
reported in 1983 his research in this area on "Electronic process control of macromolecular complex" and "Molecular assembly
science". His novel reversible aqueous oxygen complex (lipid-heme) that can carry oxygen similar to that of red blood cell is
another first in the world. This research was recognized by awards from the Chemical Society of Japan (1986), Ohkuma
Memorial Academic Award (1987), Fat and Oil Excellent Technology Prize (1989), Macromolecular Science Achievement Prize
(1991), and the Avogadro-Minakata prize (1995). In collaboration with the late S. Sekiguchi (Hokkaido Red Cross Blood Center)
and Professor K. Kobayashi (Keio University), Dr. Sakai (Waseda University) and many others, he develops a human hemoglobin
liposome blood substitute towards clinical application. Together they organized the Society of Blood Substitutes of Japan in
1993 and he acted as its first chairman. He interacted closely with me and other researchers around the world and contributed
tremendously to the international efforts in this area and the International Society for Artificial Cells, Blood Substitutes and
Biotechnology. In addition to acting as one of the associate editors of our journal he also organized and chaired in Japan the
1997 7th International Symposium on Blood Substitutes (7-ISBS) and the 2003 9th International Symposium on Blood Substitutes
(9-ISBS). In 1997 he received major research support for 6 years on blood substitutes from The Ministry of Health and Welfare
(current Ministry of Health, Labour and Welfare). In 2001, he became an Emeritus Professor and launched the "Oxygen Infusion
Project" of the Advanced Research Institute for Science and Engineering, Waseda University. With this he actively interacted
with academics and industries to develop this work towards clinical use. This was close to its aim but Professor Tsuchida did
not see its final completion and use. His colleagues Professor Kabayashi, Dr. Sakai and others are continuing with this effort
towards the clinical use of this important project.

All researchers and developers in the area of blood substitutes have lost an important researcher, pioneer and friend. My
personal research and collegial friendship with him for the last 30 years has also regretfully come to a close. However, his
enormous contribution and his friendship will always stay with us all, both in Japan and all over the world.

Professor Thomas Ming Swi Chang, OC., MD, CM, PhD, FRCPC, FRSC
Director, Artificial Cells & Organs Research Centre

Departments of Physiology, Medicine and Biomedical Engineering

McGill University, Montreal, Quebec, Canada

Honorary President and Editor in Chief

International Society for Artificial Cells, Blood Substitutes and Biotechnology
11 Jan 2011, Montreal, Quebec, Canada
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Original article

Effects of crystalloid and colloid osmotic pressure on HbV
(liposome encapsulated hemoglobin) membrane

Seiji Miyake ©#, Hiromi Sakai ®, Masuhiko Takaori ©®

Abstract

To clarify the unexpected decrease in electrolyte concentrations of saline mixed with liposome vesicle emulsion observed in
previous studies, the same liposome vesicles were emulsified into 0.625 g% saline containing 0.4 g% albumin. Then Na and Cl
ion concentrations were measured serially at 0, 15, 120 min, 24 and 168 hr, respectively, in Exp. 1. The measured values were
within 107.5 £ 0.7~1084 = 1.0 mEq/L for Na ion and 106.0 + 0.7 ~106.5 = 0.8 mEq/L for Cl ion. These values were most
comparable with the predict-1 value, which was calculated on the assumption that water permeates the liposome membrane
freely. Results show that water permeation had been completed within at least 3.07 = 0.03 min after the vesicles contacted with
the saline. In Exp. 2, the liposome vesicles emulsified in 0.8 g% saline were mixed with 4 g% albumin solution. Then Na and Cl
ion concentrations in the mixture were measured serially at 0 (detected time of 2.61 + 0.03 min), 5, 15, 180 min after mixing,
respectively. The Na and Cl ion concentrations were within 149.1 = 1.2~1494 = 1.2 mEq/L and 1389 + 1.2~139.9 = 1.0 mEq/L,
respectively. No significant change was observed in either Na or Cl ion concentrations within 3 hr after mixing. Those results
showed that colloid osmotic pressure associated with albumin in the saline did not contribute to the water permeation observed
in Exp. 1. Therefore, results show that the unexpected decrease in electrolyte concentration of saline mixed with liposome
emulsion observed in the previous study resulted from efflux of inside water of liposome vesicles induced by crystalloid osmotic
pressure.

Keywords
liposome, phospholipid membrane, permeability, osmotic pressure, crystalloid, colloid, water efflux, artificial oxygen carrier,
hemoglobin based

1. Introduction

We reported interference with a hemoglobin-based
oxygen carrier (HbV, prepared by encapsulation of
hemoglobin solution with liposome membrane) on electrolyte
ion measurements using polarography in our previous study".
In that study, the electrolyte concentrations were determined
using a wet method (TBA-200FRNEOTM; Toshiba Medical
Systems Corp., Ohtawara, Tochigi, Japan), which showed
limited performance when the HbV was mixed at lower
volume rates. To explain the limitation, we prepared
emulsions of liposome vesicles in which distilled water was
encapsulated. Then we observed the interference with
liposome vesicles per se on measurements of electrolyte (Na

and Cl) ion concentrations by comparing results obtained
using wet and dry methods”. Results show that liposome
vesicles alone never interfere with polarographic
measurements of electrolyte ion concentrations when using
the W method. In the study, however, we observed lower
electrolyte ion concentrations in the mixture of the liposome
emulsion than those predicted, particularly when the mixing
rate of the emulsion in saline was at 1:1 but not less. Some
possibilities were proposed. Among them, it was strongly
presumed that water inside of liposome vesicles diffused out
through the liposome membrane by osmosis because the
had been documented as a

liposome membrane

semipermeable membrane by Chang®. Therefore it was

(1) Osaka Prefecture Saiseikai Noe Hospital, 2-2-33 Higashi-Imahuku, Jyotou-ku, Osaka 536-0002, Japan

(2) Waseda Bioscience Research Institute in Singapore; 11 Biopolis Way #05-01/02 Helios, Singapore, 138667 Republic of Singapore
(3) East Takarazuka Sato Hospital, 2-1 Nagao, Takarazuka, Hyogo 665-0873, Japan

# Seiji Miyake, BM.T. passed away after the submission of this manuscript.
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thought that the saline mixed with the liposome emulsion
would be diluted more excessively than when diluted with
water outside of the vesicles. Therefore, assuming that water
does not permeate the membrane, a lower electrolyte
concentration might be observed than the calculated
concentration.

To resolve the speculation presented above, we attempted
first to measure Na and Cl ion concentrations serially until
168 hr after the liposome emulsion was mixed with saline.
Second, we observed additional effects of colloid osmotic
pressure on the liposome vesicles for 3 hr because, in the
previous studies, human albumin had been added at 4 g% to

all examined materials for adjustment to the clinical sample'?.

2. Materials and Methods

Liposome vesicles encapsulating distilled water were
prepared at Waseda Bioscience Research Institute in
Singapore. Preparation of the liposome vesicle encapsulating
distilled water was described elsewhere?. Briefly, a mixture
of cholesterol, phospholipid, and other lipids was dissolved in
distilled water and stirred overnight. The liposome vesicle
diameter was adjusted approximately 220 nm by extrusion
through filters under 30 kgf/cm® pressure. Liposomecrit, the
volume ratio of liposome vesicles emulsified in distilled water,
was determined as 46.6% after 100,000 X g ultracentrifugation
(Optima LX-80; Beckman Coulter Inc., Brea, Ca. US.A.). The
emulsion was sealed with air and stored in a refrigerator at
4°C.

In the first experiment (Exp. 1), human albumin powder
(A1653-5G; Sigma-Aldrich Corp., St Louis, Mo. U.S.A.) was
dissolved in distilled water to 25 g%. This albumin solution
of 0.1 ml was added to the liposome emulsion of 0.5 ml. Then
this mixture was transferred to a sample analysis vessel for
VITROS250TM (Ortho Clinical Diagnostics Inc., Rochester,
N.Y. US.A.). To the mixture described above, 25 g% saline
of 0.2 ml was added and mixed well within 3-4 s. The vessel
was set into the analyzer quickly. Analyses of Na and Cl ion
concentrations were started promptly. Subsequently, Na and
Cl ion concentrations in the same mixture of the liposome
emulsion, saline, and albumin as prepared above were
measured concomitantly at 15 and 120 min, and at 24 and 168
hr using the same analyzer. These measurements were
performed in triplicate for each sample. The procedure
described above and measurements were repeated on four
separate days.

In the second experiment (Exp. 2), the liposome
emulsion of 0.4 ml was mixed with 2.0 g% saline of 0.4 ml in
the sample vessel for VITROS250TM. Subsequently, 25 g%
albumin solution of 0.2 ml was added to the mixture.

ARTIFICIAL BLOOD Vol. 18, No.4, 2010

Immediately after mixing, measurements of Na and Cl ion
concentrations in the above mixture were conducted. Then
the liposome emulsion, the saline, and albumin solution were
mixed at the same mixing rate described above. The Na and
Cl ion concentrations in the latter mixture were measured
concomitantly using the same analyzer at 5, 15, and 180 min
after mixing. Each measurement was conducted in triplicate.
The experimental procedures and measurements were
repeated on four separate days. Before and after
measurements of the mixtures, Na and Cl ion concentrations
in 0.96 g% saline of 1.0 ml mixed with 0.4 g% the albumin of
0.2 ml in Exp. 1 and with 40 g% the albumin in Exp. 2 were
measured, respectively, as reference in triplicate.

The predicted concentrations of Na and Cl ions for the
mixture were calculated mathematically. The predict-1 values
in Exp. 1 and Exp. 2 were calculated on the assumption that
water molecules permeate the liposome membrane freely as
follows. For example, the concentration (g%) of Cl in the
mixture was obtained dividing the Cl amount in the mixture
by the water volume of the mixture as 0.2 X 25 /0.1 + 0.2 +
0.5. Then the concentration of Cl (0.625 g%) was converted to
106.9 mEq/L through multiplication by 154/0.9.

However, the predict-2 value in Exp. 1 was calculated on
the assumption that water molecules do not permeate the
liposome membrane. In the latter calculation, liposomecrit of
46.6 vol% was used for subtraction of the water volume in
the liposome emulsion. Consequently, the water volume of the
mixture (0.1 + 0.2 + 0.5) used for the equation for calculating
the predict-1 value was modified to 0.1 + 0.2 + 0.5 (1 - 0.466).

The increment in Na concentration associated with
addition of albumin which fundamentally contains Na
molecule” was calculated by averaging differences between
Na and Cl ion concentrations found in Exp. 1 and Exp. 2,
respectively. Consequently, 0.7 mEq/L was determined as the
increment in Na ion concentration in Exp. 1 in which the
albumin was added at 04 g%, and as 6.6 mEq/L in Exp. 2
added at 4.0 g%.

These experimental procedures including preparation of
mixtures and measurement of Na and Cl concentrations were
conducted at Osaka Prefecture Saiseikai Noe Hospital. All
data were recorded and reported as means and standard
deviations in Table 1 and Table 2. Comparison of means was
done using Student’s 7 test and p < 0.05 was inferred as
statistically significant.

3. Results
3.1. Experiment 1

The interval between mixing 2.5 g% saline into the
liposome emulsion containing albumin and display of Na and
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Cl concentrations on the analyzer was 3.07 = 0.03 min. As
shown in Table 1, the actually measured values for Na ion
concentrations were within 107.5 = 0.7~108.4 + 1.0 mEq/L
during 0 min and 168 hr after mixing the liposome emulsion
with 2.5 g% saline. These Na concentrations did not differ
significantly from each other. The predict-2 value, which was
calculated on the assumption that water molecules do not
permeate through the liposome membrane, was 152.8 mEq/L.
This value was markedly higher than the actually measured
values. On the other hand, the predict-1 value, which was
calculated on the assumption that water permeates freely
through the liposome membrane, was 108.8 mEq/L. It
differed by 1.3 mEq/L at the most from the actually
measured values.

Actually measured Cl ion concentrations ranged at
106.0 = 0.7~106.5 = 0.8 mEq/L during 0 min and 168 hr after
mixing the liposome emulsion with 2.5% saline. The predict-2
value of 150.9 mEq/L for the Cl ion concentration was
markedly higher than the actually measured value of 106.0 =
0.7. On the other hand, the predict-1 value of 106.9 mEq/L
was very close to the actually measured values with the
maximum difference of 0.9 = 0.8 mEq/L.

The Na ion concentration for the reference solution was
137.0 £ 0.8 mEq/L for the actually measured value and 136.2
mEq/L for the predicted value. The Cl ion concentration of
the reference solution was 136.3 = 0.7 mEq/L for the actually
measured value and 135.5 mEq/L was for the predicted
value. Differences of the actually measured value and the

Table 1. (Predict-1): Calculated Na and Cl ion concentrations (mEq/L) in the mixture on the assumption that water molecules
permeated the liposome membrane freely. (Predict-2): Calculated Na and Cl ion concentrations in the mixture on the
assumption that water molecules could not permeate the liposome membrane. The Na ion concentrations in predict-1, -2, and
the reference solution were adjusted, respectively, by adding Na ion contained in albumin powder (see text).

Time after mixing 0 min. 15 min. 120 min. 24 h. 168 h. Reference Solution
n=15 n=15 n=15 n=15 n=15 n=30

Na ion concentration
actually measured 107.5£0.7 108.2£0.6 108.2+0.8 108.3£0.7 108.4+1.0 137.0+0.8
predict-1 108.8 136.2 (predicted)
predict-2 152.8

Ci ion concentration
actually measured 106.0 0.7 106.0+0.8 106.1 0.7 106.5+0.8 106.3+0.7 136.3+0.7
predict-1 106.9 135.5 (predicted)
predict-2 150.9

Table 2. (Predict-1): Calculated Na and Cl ion concentrations (mEq/L) in the mixture on the assumption that water molecules
permeated the liposome membrane freely. The Na ion concentrations for predict-1 and reference solution were adjusted,
respectively, by adding concentration of Na ion contained in albumin powder (see text).

Time after mixing 0 min. 5 min. 15 min. 180 min. Reference Solution
n=15 n=15 n=15 n=15 n=30
Na ion concentration
actually measured 149.3+1.3 149.4+1.2 149.3+1.1 149.1+1.2 142.2+0.8
predict-1 146.7 142.1 (predicted)
Cl ion concentration
actually measured 139.9+1.0 139515 139.3+1.2 1389+1.2 135.6 0.7
predict-1 136.9 135.5 (predicted)
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predicted value were 0.8 mEq/L for each of Na ion and Cl ion
concentrations.

3.2. Experiment 2

The interval between the mixing 25 g% albumin
solution with liposome vesicles emulsified in the saline and
display of Na and Cl concentrations on the analyzer was
2.61 = 0.03 min. Actually measured Na ion concentrations
were 1494 = 1.2~149.1 = 1.2 mEq/L during 0 min and 180
min after the mixing of the liposome emulsion and the
albumin solution, as shown in Table 2. These values did not
differ significantly from each other. A maximal difference of
2.7 mEq/L was observed between those actually measured
values and the predict-1 value of 146.7 mEq/L, which was
calculated using the equation on the assumption that water
permeates the liposome membrane freely.

Actually measured Cl ion concentrations were 139.9 = 1.0
mEq/L at 0 min~ 1389 = 1.2 at 180 min after mixing with
the albumin solution. The Cl ion concentrations tended to
decrease gradually over time, but no significant difference
was found between the final measured value at 180 min and
the initial value. Those values differed 3.0 = 1.5 mEq/L at
most from the predict-1 value of 136.9 mEq/L.

The Na ion concentration of the reference solution was
1422 = 0.8 mEq/L for the actually measured values and 142.1
mEq/L for the predicted value. The CI ion concentration of
the reference solution was 135.6 = 0.7 mEq/L for the actually
measured value and 135.5 mEq/L for the predicted value.
Differences between the actually measured and predicted
values were 0.1 mEq/L for each of Na ion and Cl ion.

4. Discussion

As observed in Exp. 1, the serially measured means of
Na and Cl ion concentrations respectively showed a narrow
range of less than 1.0 mEq/L. Furthermore, these values
were closest to the predict-1 values calculated on the
assumption that water would permeate the liposome
membrane freely. On the other hand, they were so different
from the predict-2 values calculated on the assumption that
water would not permeate the liposome membrane. Results
show that the added saline to the liposome emulsion should
be diluted by water outside of the liposome vesicles alone.
Paula et al” reported that the water permeability coefficient
for bilayer liposome membrane is 24 - 10* - 50 * 10° cm/s
which was determined using a light scattering method.
Carruthers et al” and Jansen et al” reported a similar but
slightly smaller permeability coefficient. The Na or Cl ion
concentrations were displayed on the analyzer within 3.07 =
0.03 min after mixing the liposome emulsion with the saline in

ARTIFICIAL BLOOD Vol. 18, No.4, 2010

Exp. 1. Therefore it was presumed that the water efflux from
the liposome vesicles was completed within the display
period described above, which explains that the predict-1
value should become closer to the actually measured value
for each electrolyte ion concentration. Hauser et al? reported
that the Na ion permeability coefficient through an egg
lecithin membrane was 0.53-2.2 - 10™ cm/s and less 1/1,000
times than that for Cl ion. Furthermore, Paula et al.” reported
that the K ion permeability coefficient of 1.5 - 10" - 1.7 - 10™
cm/s was markedly lower than the coefficient of water.
However, those authors emphasize that those permeability
coefficients varied depending on physicochemical property of
phospholipid, thickness, and surface continuity of liposome
membrane and the smooth sphericity of vesicles.

"2 we added albumin to the

In the previous studies
examined samples for simulating clinical samples and for
accuracy in determination by analyzers. In Exp. 2, therefore,
we examined the effect of colloid osmotic pressure
influencing to the water efflux. We observed changes in Na
and Cl ion concentrations of the liposome emulsified in the
saline serially until 3 hr after mixing albumin. Results show
that the Na and Cl ion concentrations did not change
significantly within 3 hr. All experimental procedures were
completed in the previous studies within 3 hr. Therefore, it
was verified that colloid osmotic pressure associated with the
added albumin did not affect the water efflux from the
vesicles within 3 hr. However, a slight decreasing trend was
observed in the Cl ion concentration from the initial to the
final measurement time, although no statistical significance
was found. We presumed that, if we would extend the
observation period longer, we might find a statistically
significant decrease in those changes, but such an
investigation would be beyond the scope of this study. The
above results demonstrated the possibility that the inside
water of the liposome vesicles diffused out through the
liposome membrane by osmosis and diluted the saline more
than predicted. We can exclude the other possibility
concerning with the measurement of liposomecrit?.

One limitation of this study is that we were unable to
measure the electrolyte concentrations immediately when the
liposome vesicles contacted the saline in Exp. 1. We
attempted to measure Na and Cl ion concentrations as soon
as possible after the liposome emulsion was mixed with the
saline. However, 3.07 £ 0.03 min was needed to display the ion
concentrations on the analyzer. Therefore, we did not
observe precise changes in concentrations of Na and Cl ion at
the moment of mixing, namely, at 0 min after mixing.
Detection and display by the analyzer were delayed
extremely compared with water movement through the
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liposome membrane, as reported previously by the authors®.

Another limitation was that we used very low-
concentration (0.4 g% ) albumin for minimizing the contribution
of colloid osmotic pressure in Exp. 1. Such a low concentration
of albumin is never experienced in clinical practice. Therefore,
it has not been warranted whether the analyzer can determine
electrolyte concentrations accurately or not. Fortunately, the
measured values of Na and Cl ion concentrations in the
reference solution containing the low concentration albumin

remained in the acceptable range.

5. Conclusion

It was concluded based on crystalloid osmotic pressure
that the efflux of inside water of the liposome vesicles
occurred promptly after mixing with the saline. Colloid
osmotic pressure associated with 4 g% albumin did not
influence the water efflux at least 3 hr. Therefore, the
difference between actually measured and predicted values
for Na and Cl ion concentrations — which was observed in
the previous study® particularly when liposome emulsion was
mixed to saline at 1:1 volume ratio — was explained as
produced by the efflux of water from liposome vesicles.
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HbV (liposome encapsulated hemoglobin) END&E, BE:
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MXER wiROM7ET ZAKHNWY liposome emulsion % —EREDOEHK L RA L2, 11 FRRATADRZAH
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B, [ A4 XD liposome ¥ %04 g% T7 V7 I v aEEE0625 g%DOEIHRIFESE, 0, 15, 1204, 24, 168H:MBZICZFORE
Bl O Na, ClA A+ Vil ME L7 208, EM L7 Na, Cl4 % Vil 2211075+ 07~1084 + 1.0 mEq/L,
106,0 = 0.7~1065 = 0.08 mEq/LiZd» ), FEHIFGHEIC X 2 2LIEFED Sk o7z, Z LT liposome $i T-WNH D K531 & - T Na,
ClA F VBEERHMEINDE EHZE L FIUEICIZIF—F% L. L2225 THiE O T8 & 72 liposome emulsion % — 5& i &
DEHRERELIZFIZASNZ TR EONaA + >, ClA F ¥ oFiiE Eid liposome Fi 1 PE D KGO FER~OBEIZ X 5
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Bone Marrow-Targeted Drug Delivery Carriers Based on
Liposome Technology

o BEKER
Keitaro Sou

MR

VAR — A G A TREEBA L L COIRHDIED, KHEEYSLEZFOEBARE LTCOIBHBIHFRFIN TV 5.
ANTERZEERARICFH ENL ) BV — 2 FARBHREGEZHEZELTHESH, #WF vy 77— LTAEHRS TR SR A
TR ) Ry — A L IZR T RRIREME 2 ECTRAZFHE AL TWE. TOYRY —AIINEZUE Y ENLSE
NLFEMAR (Hb/Mafk) %2 KEHS (680 mg lipid/kg body weight) $4 &, FIZHFHE, M, gz s, 2
~3HBRED PRI TR A2 S5k 5. —F, BWREONRE %5 0H 5 (15 mg lipid/kg body weight) Ti&, #
MRS L EREICET LN APBIl S NG, CORNEIBIFEICE D, S8 3EH 2 3018 © X 2 3%
EVATALELTOH LVISHBMGFTE 5.

Abstract

Liposomes are expected as carriers of drugs and genes as well as application for artificial oxygen carriers. Liposomes for
artificial oxygen carriers have been engineered in consideration of large infusion doses, therefore their specifications are unique
in size and lipid composition in comparison with conventional long-circulating liposomes for drug carriers at small infusion dose.
Artificial oxygen carriers, liposomes encapsulating hemoglobin (Hb-vesicles), are distributed in liver, spleen, and bone marrow
mainly, and disappear from blood in half life of two or three days at large doses (680 mg lipid/kg body weight). On the other
hand, interestingly, the liposomes are distributed in bone marrow locally at small infusion dose such as 15 mg lipid/kg body
weight. This finding may offer a new application of the liposomes for drug delivery system which can carry therapeutics to
bone marrow effectively.

Keywords
biodistribution, bone marrow, drug delivery, liposomes, macrophages,
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Fig. 1. Biodistribution study of radioisotope-labeled liposomes. (A)
Remote loading of technetium-99m (*"Tc) into preformed
liposomes encapsulating glutathione (GSH). 1,2-Dipalmitoyl-sn-
glycero-3-phosphocholine (DPPC) and cholesterol which are
typically used as component of liposomes. (B) Static gamma
camera images of rabbits acquired at 10 min and 6 h after
intravenous injection of conventional *"Tc-labeled liposome
composed by DPPC and cholesterol at 15 mg lipids/kg body.
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Fig. 2. Structural specific effect of surface modification with anionic lipids
on uptake of liposomes by rabbit bone marrow. (A) Structure of
anionic lipids for preparing negatively charged liposomes. DHSG;
1,5-O-dihexadecyl-N-succinyl-L-glutamate, PA; palmitic acid, DPPG;
1,2-dipalmitoyl-sn-glycero-3-phosphatidylglycerol. (B) Comparison
of the liposome uptake by bone marrow at 24 h after injection.
Liposomes were injected at 15 mg lipids/kg body weight into
rabbits intravenously.
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Fig. 4. Bone marrow-targeted liposomal carriers. (A) Schematic
representation of bone marrow-targeted liposomal carriers which
consisted of four kinds of lipids. (B) Static gamma camera images
of rabbits acquired at 10 min and 6 h after intravenous injection
of bone marrow-targeted liposomal carriers at 15 mg lipids/kg
body weight. (C) Initial distribution profiles of bone marrow-
targeted liposomal carriers as a percentage of the injected dose
analyzed from the gamma camera images.
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Current Situation of Prion Risks on Biological Products
- Points on the Consideration for Prion Risk in Artifical Blood
Products Derived from Human Red Cells -

MR gERA 2 FRIE RER Y, AEH R @
Mikihiro Yunoki @ 2>%, Katsuro Hagiwara @, Kazuyoshi Ikuta ©

M5

HAARB) %2 R & 5 2 3 A A REE R b ML o7 2 O & 7 2 MU 70 W B U3 e MR AR O BEER TR A ) A 27 %
FIET 5. TO720, BHEETRICBT 5L ROBEA & RE TR OBAREARDATEAL - BREREI OFFHliAK D 5
NTWa. AfTid, & MILEHESRORIMERZ ER & 9 2 N TRFEEHAEZ P08, EH TR S EEMEEEO D Lo T
HHTVAYOMBICEHLT, 1) EER2EOWR, 2) WMFMTIAEL SN TWANENR, 3) N4 FEELOT ) F
NI B LA R TEDBUIR, 2 &V THEHLT 5.

Abstract

Biological products derived from animal materials and human blood theoretically carry the possible risks of contamination with
infectious pathogens. Therefore, to employ the safety measures against the risks during manufacturing process, evaluation for
pathogen inactivation and/or removal ability during the manufacturing process steps in individual products are required. Prion
issue is an important risk factor of the biological / blood products. In this manuscript, points to consider the above possibility
such as 1) epidemiology and background of prion issue, 2) safety measures against prion risks in blood transfusion and blood
products fields, and 3) current situation through several researches against prion risks in the field, are summarized.

Keywords
Prion, Biological product, Blood, Safety, vCJD
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RAER SN TV S, M EAR M5 mEAICOWTh, %
< OWFFERR D EN, AL > THOLNEL L DMAD
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5 B9 12 0 5 G P i M E (Transmissible Spongiform
Encephalopathy, TSE) ®O& 2 TH V), 7 g IRINIE
(Bovine Spongiform Encephalopathy, BSE) & & fHiF Hh7-.
COBSEFREDOKERKD, Y IDTSETHEAZ LA E—|Z
BY L7k E SO REROBIUC L 5 2 28R S, BSE
FEDOTSED RN EIC X G L > THEL D Z EakeD
Nz, WEONREALE, RENOREFHE» S ZORWE
MEPRET A HREL, YIYEEE=S) Y IHEREATS

W2& D, EhAHATOMAKZIIE L7z, BSE X4 F I
TTHHEPBSEINTD, ZOIFEAEPEETORAEICE
F 0 19924F % ¥ — 27 (AER 54 EEGR 37,000 80) 1I2ZF D%k
A L7 (Fig D)2,

HARIZBWTIZ 2001 SEICBSE DR AW D THER S, Z
D%, EEEFEROEEE=5 Y ¥ FHEOEA & LTEBAH
A SN7z. HARTIX 20104 12 A BUE CTHEET 36 B 0 54 A5k
HENTWDBY,

EZAHH, 1996 ICHEENCB VT INE TICHRE STV
WIEIEE RS 5 704V 72V Y279 (Creutzfeldt-Jakob
Disease, C]D) 25#iis sz, ToFH L vk roEEIZI T
TOCID L IZEWEEETH LI VPR TH S & Sh, £HR
B CJD (Valiant CJD, vC]JD) &z dh/z. TovCIDIE
BSEMERIZIZE A EPEETHEALIN, TOWT/IY — 08
BSED /X7 — 2 EMHBEBERICH L Z EH 5, vCIDDFER A
BSEZ&HE Y Y HERO B R OERIC L 5 b bRz, 20
vCJDIEBSE A IC &R IICHAT - KT 5 2 L2 ash
TeRRIATICEES T, SttRoBREToRBEKIZ 2214
EloTWwh., —FS A L2 JETIX 2000 4R 12 28 Bl D 5
A U — 7&Ltﬁ%ﬁ@%ﬁﬂ&%(w,¢ﬁ4m%%m\
T7 7 ¥ AD2005-20064ED 6 Bz ¥ — 2 L §5F254TH

o7z (K1)*Y., HRIZBWTIZ2004 412 vCIJD BED 1%
(EEREMIESR) FEELTHD.
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Fig. 1. BSE & vC]D o#ifraE (511 2) X hieZ).
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3. EENBERRNECDEEMETHS 7+ > ER

CJD/vC]D, BSE, Scrapie 72 &£ ® TSE O JERPE 2D W Tl
FWVWHGEFDRD - 7228, 1982412 Prusiner 37V F Vil & 3¢
BLzZETEDPOR %729 74 >~ (Prion) &I3&EH
P D EAVERL T & v ) B TdH % Proteinaceous Infectious
Particle DM EHETH Y, Z OBEEMHEMRIT Y LV 2%
R BENHEZ R CEAELZOLDTHS. L MOIE
WA+ v #H (Celler Prion protein, PrP¢) 13 CD230 & [
LT, F0HFROMRICPRNPEIZTFELTI—FENTWSY,
FEARE LCOREET ) & Y &EEHBEIZY AV ZEOI AW
HTlnl, BEOEASEHRREZET a~N) v 7 R v F
THEEE L TCWABPP A y— M) v FeliiEe b, EH
SR (Proteinase resistance prion protein, PrP™)
OREBEICEWL 72D TH D, TNERFMT )+ V& LI
A%, PrPeofIC X ) B HEEEA~OEBUEZE LT
Ewv, ZOWELEII PP E LT, IKNDOPrPH K4
[ZPrPIZAL - #5G - EMT 2D EZEZHNTWS. £z
YT ) VERHIIHEAR TR EERE LTHEL TS
LEZ SN, R 10nm LT OREAERIZEGEM 2% L, 20~
25nm DR TFED b O B IEGMERR VL ORERDH 5 Y. il
T RARIE ZF DR D 7201215 A Y - %hb,@ﬁlﬁ@
RZIZL ) FHREWR T E W) O BN EHEFETH L. Lo
Lo, ZO7)F Vi3 S L REBIEEREZF220V
Zlnh, TRETOMSII—AZHELEI LR, T
SO F Y EAE, BABEOEVERWTHEENZOD
DTHHZ b, FLWBEEMREAROM ST IS
HT LIl oTz.

4. #HEDORIG

BSE & vC]D OB 25 H5 4 S 7z gk, FEx L Lz
AWM EELOBSEMEZ2HOERTLIF L7z, S5
G 7)) o Y EPNIEEA SRR IR TH L2 TR
<, 121COF— b7 L—THRWIZ B 2 5 % EATE LA B
THHZ NS, EEBFIRICBWTH RS LMEZER L.
FEHMIZESF v TN &y Bk EME B < fi
HEhTwaZens, HICKOBBIYHIEZ T + L ICd 5
HA Y ADOHERITERIFEEZ B I hodz. EAGHAD
1996 4F12 A — 1 —1ZxF LT ¥ HSRIER R o ffi i 9258 & 50 [
DR ERD 720, ZLTTY F VIx$ 5 2 7 5l % 2000

FITRDIZY, A= —IFZOBSEMBIZHIET 5 & &b
WHEZ S DIZOWTIR Y YHERUADFEEA~DY ) H 2 217 -
7z,

N REALME A FUR & R EERANY, ZoRFYLT
BTN ZEAZEREIIEASN TR, 22T, 9—u
v X OFH YR 11998, 2003, 2004, 2009, 20104E2 7Y F
YD) AT MY A AR LY. HARICBWT
b 2003 IS E X Y 7 F VAL S @I S e,
INEZT, T AR H R o BESE SR MR A D X —
— I HEAERRANGEAINTWE LRO ) & VR
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DFli ATV, BB LTI U A LS5 20 27 KR 7
W, vV FREEOEE R 72 TROBA 2 FE L7z

5. CJD MiEZF

L hDOTYF UIETHBHCIDIZIFIMEEM: CID (Sporadic
CJD, sCJD), %% G#fz) ¥ CJD (Familial CJD, fCJD), [&
JEYECJD (iatrogenic CJD, iCJD) #LTCvC]D»&% 5. sCJD
55 LL Eo e MR 1005 A 1 ADOEIETHIET 5 CJDT
HAHD, WMz EZBLETOL b — b bEYH 051X B &
Tl v, EERGANOERNE T ) F Y EADORA) A7 BEv
LOOVEDIZ, HlE D & T 5 EA 2D 5. BRI
VCIDIZEES LT\ 5 Z 2SI L7z B — HIR D I A %
B S 7o F e E THRERE S, BLRERITRIMHE 4 %408
VCID G L 72 £ 25N TWw5 Y, 201040 WHO RIRT
e MR O A 7 T — I s, vCID O
YD 0, CID ISR L LB S TwbY, HiZ, &
ECIRMAREEDLE=F ) Y 7EINTWE, KIE, BT LA
MR BE ORBRE 21T o728 2 A, MIBICRER 7Y + ~
FHPRRINAT. ZOBHEIZERICTHBEEIRE Z5E L Tw
Bho72ilb Mb ST vCIDITEY L Tz, SEEE )
(Health Protection Agency, HPA) R OKEEMEIRLE
(Food and Drug Administration, FDA) (&% 1 L7225,
ZDY AT ULRVOERIITDL o725 2 ORI
HHN 720 Cla e S MAEGWEAITH ) A7 WA T LI L 2R
T LIk o7z, 20104, WROBHILFIZENEN, A=A
—DERTAWHAD) A7 TEAXY MIETBEHA 5V
(MEFR) #RFELLVED, T2, MoEE KRG L Tk
B, v M FEAHREA REAVEYRE), fMEBAE
RFMEmEE N L TORGELRD LN TS >,

HATIECIDDH =4 F Y ARERENTEY, 19994
A5 20094 F TORMICHER SN 72132410 CJD X, sCJD A
101961 (77%), fCJD»3220%1 (16.6%), iCJD (Z=BIREEFE
i) A380%1 (6.0%, WA ZINZ % &#5H138%4)), vCID A
161 (01%), HFETEHWCIDAS 4] (03%) ThHo7z2.
ZORTEBICHIIICEZ) A ZBHLEEZILNL FF—E
%09 ADIFICID & vCID BEHKTH 525, FMEL & O
BICEVICIDEES P F =12 bR ZHEBRLTBY, H
FIZWEVCIDDY) A7 2T 2L EBH L. HADvCID X
HIEET1HITH 2, FEFEHICHK L TVCIDIZEGT 5
VA7 L, ZORRJFHHRINL, Wil 8 L < E N TR DL
K$B)AZZHEI L2825, 20074 F T2 006 A2S5AEL,
KTV hin#lT5EP%< b1 NOBEIGETE R
WAS, 2 AMLEOZEIIRD TRV E W) RIS SN K
WZHRIC & 2 EGeF AT bz, BEF VTN, 1) 19904F
WZ20HT PO AN 1 BAFAE L, 2) WSS X SR
JHENE BRI & 2 el 2 W U, 3) 754 oo faii ¢ o3 g,
4) WD B B AN HEAVERE D B % N O Rk BR X0 L
vy, 5) BRIRRERE OFETHIZBEM L 2w & v ) S TE
L7z, ZORSE, BPEEHIT2003ETHICE—2 202, B

144

FEFFEH B ORNNIZ 2010 SEAC DRI TIZIZHD Y, 0563 A&
WIERE L o7 TNLOKELS, HAEDBSE/VCID®
FEFIRIMEFEOMADKE S L WY, 20104ELARED H AR
2B DI & 5 vCID &GS IS H AT A REME IR R
W EEZ 552,

6. MARVMBHESD) X7 EFDIKBR

T F ) AT DER KL, MEIZE LY A 7HRTH
A, BUE, AARTEY Vi L TR T Hl% B el
ZiioTHBY, HAMILRFHLRNVONKEZR > TWE., Z
NIz T, fHOFH, WKEROE=5) 7, AX—57
X2 EHER, B TOMEKER AL ROERLR L, £
DMEERMAGDLEDLZ LI L > TEFDOREMZHRL TV
5. B hOVCIDIZDWT L v OYAE LAKICEZ oKL
MBI AT 2 kxR T 2 LENH 5. vCID A
DODEEIBHTELTFHELLT, BASMEZZHVRV
ELISAEDRE SN TWEY, LA LA SEESHTRET
CID/vCID (A3 e A T 3B S TR S hTw v,
M EARIMER, MR, AR, MmEEOmZII5Ts2
EWTES., TV VEAGHRERCHEETSLEZbNT
W3 ZEND, MEMRAEIILFIRICBT 5 E% 7 F A&
VA7 THbEEZBND. WHILIC L 2 vCIDIEG) 2 7 DK
WORZ L AU H 575, BILEEDHIZCID/VCIDY A7
AR S HMBHE & LCRELR EomaEREREL, N
— OB L TWAE, T2, HIMERERE 7 4 Vv =237
Vo VBREICHIEND L L SN, TOREFERINTND D
DbH DN, MG EAOKFE L L MAECOWTIE, B
26 7 HOWRHRE 21T 2 BICHARTFA2 O XA —F =12
WS a2 Eicky, i U8R ERTo) 2 7 K% 1T
> TW5h, B, MESEEAOEETRIIBWTTY Y V%
BT B TRZEATSIEIZL ) ZOREEDHEIRIIS DT
W5,

7. ANIEEFREMAE

BUEBAFEIEZE D550 S N T B N LI E A ORI 12\
DN BN, FOL I MRILEKL Y ANEFTE V2 M -
FEBLL 7B - mikE o hAEZ 0 Yy (Hb) HiZ 5
R L, IBE  HEBECUM LY RY —2BEIED 7Rl
s - PEGIBAiOTBIRE £ 5%, v MRIMEROKE S13Hy
Sum, FWHELZHbIZH 4 nmDOKREETHY, Zhz/ak
WL L 72RO /MIB AR IZH) 200 ~ 250nm TH 5 2. I b
OEMAARIIHD 2 & FRIMERDA S/ TVWL T ENnS, FF—H
K DWEFEARDRADHBI Y A7 HFE LTHET S, 20
N TR AR S 5 Hb 3R IMER 2 HFS R & L CF
WMEANDD, HhOKZ ZD5 4 nm IR LT, BEMT) 4>
B YT 05 =134 30,000, EGMETY A+ VERADOR T
1I0nm ML EOFEASKRY LEZ2 615, HhOBRIRICBITS T
Vo YBRFH MBS WA OB TARIEA IR TWSE T F
VBETFERZICHWETH L L EZ O, N TEEER KO
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ELRICT ) & VBREIREZEAT LR MER» S5 NEZ 0
UV ERBRTZBEICEATLO0MEWLTWA,

8. IfFRFHAE%TO LTOT U # MEFRAEEDORE

T A VBERFICET A LRI 21T B G, BREEYW ok
WIFMHE L LTRBET 20BN TH S, 7)) 4 W5
W23 A €Y A — b (Brain Homogenate, BH) = /HwTw
TS, TOBRTHERBEEZMZ TERE S (Microsomal
Fraction, MF) 23 FEIZflibI D X )2k o7z Ak, LTFEEFHIM
W2 7)) & Y HRHE RSB O MR M 4E 2 v 5 2 L
LI L., LML, MEH» S LRFMICHWS 2 &5 T
EZHEOBGMETY A VEAEZHBLILERETHY, o
MF # i€ &% 23 % v, LA LA S MF & TG
WAHMEE LTERBEILI N2 DT R0 7z.

FITHRBHIE, YV RAZ7 L4 Y —# (Hamster
adopted scraipie YA A ¥ —263K) & T Z ® MF QR 1%
WA H L7 TRFEMA R & L C otk 2 Mat L7z, MF 0¥
YRR 800nm FEEDH - 72 D% L T, Sarcosyl ®
Lysolecithin 8 IALELIZ X - THEEERT, #200nm LT o
RIS T B EDTER. 74 VARFLICH SN
SDALEIZH W S N5 Tri (n-butyl) phosphate (TNBP) &
Polyoxyethylensorbitan monooleate (Tween80) % #flA& D
T CRRMAHE L 2w &Pk 48 % 200nm LA T2 Bk 2 A
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(Table D*. o2& X, THRFMICHCZ 7Y+ V4
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Table 1. PBSH1 @ 263K HRAtH# 71 4 Y Bk (OCHR30 & U 51D,

PVDF7 4 V% — Planova” 1 )V % —
BFRIEFLEE 220nm 100nm 72nm 35nm 15nm
T LB by &L »HY &L by &L »HY &L »Y &L
2 i 4.2/3.5 3.5/4.2 4.2/3.5 35742 421742 35742 4.21/42 35742 4.21/4.2 35/4.2
2tk 3.8/3.8 3.1/3.8 3.8/3.1 24/3.1 24124 <1.0/<1.0 <1.0/<1.0 <1.0/<1.0 <1.0/<1.0 <1.0/<1.0
krEH# 0.4/-0.3 0.4/0.4 0.4/04 1.1/1.1 1.8/1.8 22.5/=3.2 23.2/=232 =225/=23.2 23.2/=23.2 =225/=23.2

YIRS Y TA T4 2T (WBIR) 12k B
¥fii 1% Non-detectable endpoint #:12 & - TR 72# Log, i T L 7z,

L7=-MF 3R D ZEALD 7 £, TREY ¥ T IVITEH 2 5528030k
NRIZIED B 2 EASTE 528, FUmEHEAIALEE L 72 MF IS
R DIRAFT 5 2 &5 TRV~ 7V R ORI IS5 2 5 5528
PEBTHUEND 5.

RIZ, TOT)F UMBPTAEFMZ 1T BT, Mgt ok
Gk 7)) F VERAEREZ T TR - BHEIETWERE VI
D% 5. WL TvCIDAMEIRT 5 2 e fE SN TBY, i
WA IR G R/REATH A T+ VEANEENLZ L
FEFPUMTE S, L L2 oIMmEIIERGE 7)) & » & 250
Jalrh & LCEEND D0, ZhE D bmiag s U CHEET
DO WTUIIAMZ B2% . FAZ B IR 55 ) o> 5
BIRIEASNRTWE Y AV ABRERE CEHKEILE 15nm)
T, EBROMEEMEEZBML T7 ) 4 v &ADKREMERE
ZEMIi L7z, 2@ 15nm O A @ FEE /N A A S G5 B RIS
HATE WA THRDS AMEILEDONS LI A VABREBETDH
b, CORMIIZLY, YyTA¥ Ty 547 (WB) #
WX DR CABP ORI 7)) F V&AL T I F
T & 35Log L ED BRI ez Rm L7z, T LT, B
WAOEREER TS WP OGNt 7Y + > &IET1E 40Log Lk
DOBFEBBERLIZDOD, —HROY ¥ TV TR % B 7.
HIZZ D 15nm A % 150,000g, 1 KR o8 O 8E 2 17V,
55 N7z BiEm 5 & B 5 i oW TR ERZ To 72, 20
BELEME T ) A VRO Z R A RIS S L TWw 5 4
ThHoHY, BLREZ LM OB G EGE»RD bz
(Table 2)®%, JEGEFHPW O T Y 5 — b OB LI 12 g
PEAFRD H b T kit Berardi 52 L TW AP 25, ZToL
W RS B GV F Y A AT 15nm O %l 5
CENURETHL I LI LA THS. —F, Silveira b
134920 ~ 25nm O FEAERA R b JEGEMEAE <, 10nm 2L T O
MIFEREEITRBOON ot HMELTWSY, 15nm D
TANABREBEIZZOFIE R T REEH T 57890 4 )V
Afp LR AN LRS5O 4 VARABICHEDEND S
EEBERL TV 2%, 15nm T OKRE SOBGEET) F+ v
EHAMPEZ @ L7z eSS H 5. —F, vCIDEG~ T 20,
ARIMER, Buffy coat, IL/MREA MAE, M4 ER ~ w7 A2
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Table 2. 15nm 53812 & 2 B 7Y F ¥ & EAOKRIE (5LHk 30, 31 & D F1H).

Lysolecthin & O 3% J WLEE263K B LEI263K

WB (&) BA (Eit) WB (&) BA ()
2 i 6.1/6.1 7.9718.30 3.6 FEIE
2% <2.6/<2.6 <3.25/4.30 <0.8 JENE
EENEY 23.5/3.5 =472/ 4.00 =2.8 NA
[y NA NA <1.0 JEhE
LR R i NA NA <1.0 FEIE

WB:YI2%r7ay 54 » 72k 5EHl.

Mt 1Z Non-detectable endpoint #:12 & - TR 72# Log, fli TR L 72.

BA : B EERIC X B 8 U E P EEA.

EREFNE BB AR > 7V %2 v —T 6 PLDFE 972 5 Karbar 12 X 0,
#ID50 (Log,) fETRL7Z.

MNP SO EEC TR L 72 & 2 A, ARIMERIE 451213 et A 38
HoNLholzbDD, ZRUSNDY ¥ TN § R TUEGEDS
RO BN, INLOERIEH T TERNIHSN-HS
THY, b MFhOFAERRZI L 72d O TIERWwA, &
FMETVA VERHEINETICAISN TS BEMGRE LTD
FETERREITM A T, BT L U IR R Il e Wi 4 (FA
7251, Soluble like form & L72) & LCHOHFHELEGLZ L%
RETHIEERoT.

Rk Z R E T2 Hb 2 EZ 26, BALTL A7) 4
VEREADEREL LT, BEH¥E (#4E) & Soluble like form d 7
VA VEAD 2 ODHFIEKRNE Z S D, M D FARICHI
Wi Fr & OF Soluble like form DAFEREDSBGRNICE 2 b 5.
BUEFHER I H T2 7Y F Y EHE 2 DTl % & A Tw
52 EDNEBRERISRENTWSE DT, FHEREGIL T OF
EERZRB L0l EbNs., L2 L%ED S, Soluble
like form D EGE 7Y 4 ¥ SR EH OEE R MAEH O BEGE7)
FUHEAOHEAEKRRNICH T 2MATELEALERVDOT
Soluble like form DFEIRIZDOWTDHE 2 HHFFAKD HL .
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9. Il 2175 ETOT )+ L #DRERE

HAE THREMICIZvCIDDEF IV E LT, 263Kz EH3FAC
RSN TS, THIF263KHEBEMICHD 7))+ W%k
WCHWHNRTETBY, FHliFEI ML L T2 &%, BSE
2vCID DEELRY e o722 LI2E B, L LEDS,
263K Mk % FEMC W 613, BSEM, vCIDHRO &A%
g% (PK) OISO MIRSE R iEErH S 2 L %
ERTLUEND L. F72, AT L7054 AR e &0
T F EEE (R CBELTY, 7V F v EAORON
WAL EREICZOEMNERET HLENH LY. Zhbnl L
75, vVCIDRBSEDEF L E LT263K M wa 2 iz k
5 B % TR ROERE R IS I3 LT EMR L TBIRET
H5.

KREFRT 50 Akimov 5%, vC]JD ®< 7 ZBI{b#k K& Ol
FAEEMAL LY, R bi3 I otk BB EEAL,
vC]D Z B 72 5l A BREA #EAL & vCID DE TV & LT
D 263K MDD Z LI T 2 ET 2 O TV 5. vCID &G~
2 SR O BB P ) o+ VAR HT T 15nm A GBS X
LRI T ) F Y EAOKREREEZ WBILTEHiiL7z& 2 5,
28Log DRFIBE R LD DD, AHEHIIEREE T + &
H %87z (Table 3)™. ZOkEL2S, FMUHFETHELA
T F VR AR W A BERRTIE, 263Kk, vCID#ED [H
oA (BE) B2 RTIEPWHLNho/. LarLk
235 263K 413 2N F TWB L)L T 15nm A M@ &I I3 &
NFR o701 LT, vCIDMRIIME Iz, 2ok
BIIMHBEIC L 2D DR DM, 263K k& vCID PRHI kD 3
RI7 ) F v OWBEDBREIZE DD 0H, BRI THET %
CLIETER., BYEE SO R 2 EICHE 2 LA D 5.

Table 3. 15nm A#EIC & 5 vCID K U°263K B3k - ME WA~ A 7 0y —
< VISR OREI ) F VERA DK

vCID 263K
% i 31 42
%% 0.3 <1.0

EES i 2.8 =3.2

YIAY yTuy T4 7 (WBE) 12X 2HH.
Hfifild Non-detectable endpoint 212 & - TR& 72# Log il TR L 7.

10. VX VHfiZ1T2 L THOBESR

TR Z47) ETOT Y+ UHEORME NI Lhom@y T
HoHH, BRO) A 75247 ) 12720 TIMMIZ D WE T
EENHAH. T, WHOY A Z I DD DREORA
BICE S TERT S L) s ohns., N TEREERED
VA7 G2 4T ) Hity, FURHI S 2 ARl & TR0 9 2 A
BERELD, ZLTCZORFAAZHLGINLBEIIHTLY A
7 e RAT 4y MIESEHHBEONR 21T 2 L2k 5.
BRI A ERIE, 10y o E ST S o0 B0
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GRIMER) \CHRER T Y+ Y EADPRAT 5% EFIHEE
T5HIEILoTIT). BFE, HARTIEMIMIZ X % vCID D5
EERIZIANEZZONTWAY, BIfE, b MILEH O vCID
DGl % ERmIICHER T 2 2 EATE RVA, EKETIE
vCIDIZTHER L T\ 5 & Wb 2 i 5] 66 Bl 4 HlA3 &G L T
W5®,  yCID &Y~ 7 A @ Buffy coat, RIMER M I % &
FIV—=MIE ) vy 2EG X E72 8 25, Buffy coat &4
YRR L, RIMERME 3RS 2 R S o 2. Th
5OHRAZIEDIE, HAOBRIMLA 0 vCID Bt 5k 2 55
WCHWABWEEEIZITE A E R W EMRIRE NS DY, BFURHE 5121
BYAEDFED SENDLZ LS, EEoT Yy MIRAT SHEER
KEWF LA (FF—) &%b. LoT, THOFMZINE
HMeL L TEZDLI LIRS,

BARI MR E LT, ROMEIEZ ONL. ¥, BRIk
WCEIMERFR BB 28 A L, JEORHEERE TV A 7 RIRIE % i
U%. FHMEREREBIZAMKERZEIC X 20 2 7 icmz, 7
VA VERAZOLDODOBEENNFTES. L Lad s |k
BREFICE B 7)) F v EABTFICOWTIR 0B 2 B & &
i35 F o T2 Bk TRICBI 5 1) 2 7 KR
2119 . TR T F Y BREOBREEZHRT 572012, B
ERNERTHEBOTREZEAT L. TORNIZOVWTIETA
KF A4 o CRHMEiT 2B H 5. T4 NVAERGE L7
FHIC BV TR BIEHEED R E SN TV E25, T+ V2SR
&L 72 5illi T B T TR BB IZ R E S T e,
ZOZEnbh, FUFrERNGRE LZFHIICB T, HEEE
T2 B Z G RN EE L T 2 RERBIT DO W T OW 4 5 i
PRETHY, Bohl RLF) 720 etz il 2
DIFENMRETH 5. LA, BETREPIZT) + VBREORK
VER R TRZHEEEAT A LI oTE—TF 4 — %Y
MNEREK T2 HVREBTH Y, THROMEELEL 2L LE
Ab5N5.

M4 73 T ) <2 Hb R TR AR & b b 754 X
X, BRI O HIMERRZE 7 0 V7 — oz, w4V ABRFET7 4
Vo —, FTAT AN —, mMBINIERE - HEAHT 1V
Z =SB0, BEAHOBBITMELTIE, =%/ — V5,
Wmm, RYLF Ly 7)) a—=Val, 7ax 7574 —
ENEZON, HEOTHEFIBETREEZ NS, 28, H
L F 2 BRFUARER 2 D2 UM % G § 5 72 D (I h o J& e
PET Y F v DMK REGAT O N T OE R LRI E TN 5.

THRTOBRERDIZT) & T 2 LREWEROREB L %
% D THELRRBRTYA ¥ RS RDON L. FEARR % Tk
EAA R A O ZHLR ENTWABED, A4 NI 4 Vit
€W Minimum requirement T - T, B0 EDIZT
Ehwv, LoT, EBICIZZORHA L BE THOEEZ R H
L7 ETTFIAL Y LadiE e s hwn. TROTY I YRk
M2 AT 12H72>T, WBLRLTHRIBBRALTFIC A7
U UBRFICHET A EETRICOWTIE, B~ EMEET
BYRMOFMEZMERT L ENLEZT LW, T2, TUF V&R
FIOFEENRERL 505 TR wBE, A0 Ak it mic Ik
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Molecular mechanism for platelet activation: a role for ADP

[ERIlRER

Yoshiaki Tomiyama

FITIPER

M/IMRASZ O 1A RE 2 58483 B B8, M/IMRN2 SIS s 7577 v v ) Y (ADP) DSEELR&#HZRELTw
HZENWOENERoTE. MIMIADPZERE L CIZCEULEAZHEILNTDH 5 P2Y, B X O P2Y , 2 FAET 5 7,
FRICP2Y 1 Z Gai A Z e LCTH Y, ADPRITHIC X 2 HaN cAMP QT % ke Uit/ MBS REFE B 6d C BB 2 1%
ZHoTWD., ZOP2Y,OEEMIX, P2Y,,KRIBEHZIZEIT 5 IR, P2Y, KIBIM/MIE V72 ex vivo FEER Tl
R DR E?S SHS D TH S, P2YL 2 N LY ZFVIE T4 TN )X VS R/ERTHBA VT 7 Vay B, (GPIIb-IIIa)
DOIFEMWALZ R S &5 720ICHATH Y, sEIZIEMEOZE LIS LTwab., 512, kTR F /¥ I
S P2Y, BHER OB N 72 HUIREH 25 S 22 &, P2Y L 25UV IMEEE D 0 THER & L CHIEH EhTw b,

Abstract

Recent advance in platelet biology has revealed that adenosine-5-diphosphate (ADP) play a crucial role in platelet function.
Platelets possess at least two major G protein-coupled ADP receptors: P2Y, and P2Y,.. P2Y, is a G;-coupled receptor
responsible for mediating the inhibition of adenylyl cyclase and sustained platelet aggregation. The importance of P2Y,, is
underscored by the clinical features of patients with P2Y,, deficiency and ex vivo experiments using P2Y .-deficient platelets.
ADP interaction with P2Y,, plays a critical role in the maintenance of ay, ff; activation. Moreover, P2Y,, is now the target of
efficacious antithrombotic thienopyridine agents such as clopidgrel and prasugrel.

Keywords
ADP, P2Y,,, integrin ay, f3,, bleeding tendency
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Call for Papers

Artificial Blood, the official bilingual journal of The Society
of Blood Substitutes, Japan, welcomes papers and other
articles contributing to the research and development of

blood substitutes.

If you wish to submit an article for publication, please email
it to the following address after first confirming the

instructions for authors.

ATMA s

BAMBRRBENFE |5
http://www.blood-sub.jp/

Artificial Blood =

The Society of Blood Substitutes, Japan

Instructions for Authors (last revised Sept. 30, 2008)

The Journal's purpose is to publish research and related articles
contributing to the development of blood substitutes, information
on Society proceedings, regulations, and other matters of
interest to the Society members, and it welcomes original
articles from a range of contributors regardless of format.
Although contributors should ideally be members of the Society,
this is not a requirement. Decisions on acceptance of
manuscripts are made by the Editorial Board based on the
results of peer review. Original articles will not be accepted if
they have been previously published or are being considered for
publication in another journal.

If an article is coauthored, the consent of all coauthors is
required before submission. As copyright to articles must be
transferred to the Society, the representative of the author (s)
must sign and seal a copy of the Copyright Transfer Agreement
found in the Journal or downloadable from the Society's website
(http://www.blood-sub.jp/home/index.html), and submit it to
the Editorial Board by post, fax, or by email as a PDF file
attachment.

Manuscripts should, as a rule, be prepared by word-processor.
However, handwritten manuscripts may be accepted.

1) Articles should be categorized into one of the followings:
original articles, review articles, conference reports, topical
pieces, and opinion pieces. The category into which a
manuscript falls should be clearly indicated at the top right-hand
corner of the first page. Manuscripts that do not fall into any of
these categories may also be accepted, and manuscripts may
also be re-categorized depending on the opinion of the

reviewers. Submit your manuscripts to the Editor-in-Chief by
either of the following methods with a covering letter (of any
format):

i) Submission by email of electronic files of the text and figures
(indicate the software used). Text and tables should be in DOC
or TXT formats, and figures should be in PPT, JPG, or TIFF
formats.

ii) Submission by post of four sets of hardcopies.

2) Manuscripts are reviewed by researchers in the field of
artificial blood selected by the Editor-in-Chief, and revisions may
be required depending on the opinion of the reviewers. Revised
manuscripts should be submitted with a "Response to
Reviewers" to the covering letter that responds to each of the
points made by the reviewers, indicating any revisions made to
the manuscript.

3) Once informed of the decision to accept for publication, the
author should send by post files containing the text and figures
of the accepted paper saved in electronic media to the address
specified (indicate the software used). Text and tables should be
in DOC or TXT format, and figures should be in PPT, JPG, or
TIFF format.

4) Manuscripts should be typed on A4 or letter size paper. The
title page should include the title, names of authors, institutions
to which all the authors belong, and the address of the
corresponding author. Handwritten manuscript should be
written consisting of 20 lines to 1 page.
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5) Original articles, review articles, topical pieces, and opinion
pieces should include an abstract and about 6 keywords on the
second or subsequent pages.

6) Research conducted with the aid of an official grant must be
acknowledged, and any conflict of interests (for example, if the
author has an interest in a company distributing the drug
described in the manuscript: being an employee or consultant to
that company, receiving research funding, owning shares or
patents, and so on) must be described in a footnote on the first
page or in acknowledgment section.

7) If a manuscript describes the results of research on humans
or animals, it should be indicated that such research was
performed in accordance with the guidelines of the institute
concerned in the methods or other appropriate sections of the
manuscript.

8) Abbreviations should be spelled out on their first appearance.
The names of drugs, medical drugs, laboratory equipment, and
so on should be given. The type, distributor (manufacturer) and
the address should also be indicated.

Example: Rhodamine B (Sigma-Aldrich, St. Louis, USA)
Polygraph system (LEG-1000; Nihon Kohden Corporation,
Tokyo).

9) The English fonts should be Times, Helvetica, Courier, or
Symbol. Text should be typed in lower-case one byte characters.
However, sentences and proper nouns should begin with an
upper-case letter.

10) Figures should be expressed in Arabic numerals. Weights
and measurements should be expressed in units such as the
followings: m, cm, mm, um, L, mL, uL, mol, g, mg, ug, ng, pg,
fg, N/10.

11) Figures and tables should be numbered in order of citation,
and it should be clearly indicated where they are to appear in
the main text. The title, legends and description in tables and
figures should be written in English. Figures will be printed by
direct offset printing. Tables will be inputted by the Editorials
as originals.

12) References should be cited numerically in order of appearance
in the text using superscript letters as follows: ?, *¥, "*¥  etc.
References should be listed using the Vancouver style as follows:
Names of all authors. Title of paper. Title of journal. Year of
publication; volume number: inclusive page numbers.
Abbreviations of journal names should be in accordance with
Index Medicus. References to books should be given as follows:
Names of all authors. Title of paper. Name of editor (s). Book
title. Place of publication: Publisher, year; inclusive page
numbers.

References to electronic sources should be given as follows:

Name of website.
Address on new line (month and year of last access).

Examples:

1. Wong NS, Chang TM. Polyhemoglobin-fibrinogen: a novel
oxygen carrier with platelet-like properties in a hemodiluted
setting. Artif Cells Blood Substit Immobil Biotechnol 2007; 35:
481-489.

2. Natanson C, Kern S], Lurie P, Banks SM, Wolfe SM. Cell-free
hemoglobin-based blood substitutes and risk of myocardial
infarction and death: a meta-analysis. ] Am Med Assoc 2008;
299: 2304-2312.

3.Sakai H, Sou K, Takeoka S, Kobayashi K, Tsuchida E.
Hemoglobin vesicles as a Molecular Assembly. Characteristics
of Preparation Process and Performances or Artificial
Oxygen Carriers. In: Winslow RM, ed. Blood Substitutes.
London: Academic Press (Elsevier), 2006; 514-522.

4 . Oxygen Infusion Project, Waseda University, Japan.
http://www.waseda.jp/prj-artifblood/index-ja.html (last
accessed Sept 2008)

13) In the case of citation or reproduction of previously
published figures or tables and other content, the permission of
the copyright holder (s) must first be obtained. Copyright in the
published papers shall belong to the Society.

14) Regarding secondary use and copyright in works published
in the Journal, secondary use may be made of the Journal, in
whole or in part, via media such as CD-ROM or the Internet.
Reproduction rights, translation rights, film rights, dominion, and
public transmission rights (including the right to make the
works transmittable) are transferred to the Society by the
author's submission of the aforementioned Copyright Transfer
Agreement. This clause shall not restrict reuse by the author
himself/herself, but the Editor-in-Chief must be informed in the
event of reuse.

15) No publication fee is charged for publication in the Journal,
and the author (s) shall receive as a gift 30 offprints of their
contributions. Authors will be charged for copies in excess of
this number (approximately 100 yen per copy). Authors wanting
prints of color photos or on art paper, etc. must pay the actual
cost of such prints.

16) Address for manuscripts to be sent:

Attn: Artificial Blood Editorial Office

The Society of Blood Substitutes, Japan

Division of General Thoracic Surgery, Department of Surgery,
Keio University, School of Medicine

35 Shinanomachi, Shinjuku-ku, Tokyo 160-8582, Japan

Tel: +81-3-5363-3493 Fax: +81-3-5363-3499

E-mail : amorjshs@sc.itc.keio.ac.jp
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