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original article

Determination of electrolyte concentrations in serum
containing cellular artificial oxygen carriet] HbV[

Seiji Miyake , Jiro Takemura , Masuhiko Takaori @

Abstract

We attempted to measure electrolyté] Na, K, COion concentrations in serum containing an artificial
oxygen carrier, Hb\M1 hemoglobin encapsulated liposme vesicle emulsified in physiological salinel]
by dry chemical method using Vitros250™0 Ortho Clinical DiagnosticsCor conventional wet method
using TBA200FRNEO ™ Toshiba Medical System Clinically satisfactory values of the electrolyte
ion concentrations were obtained in the serum which contained the HbV at 1/2 0 1/32 volume
ratio and even in original HbV emulsion by the dry chemistry method. By the wet method,
however, satisfactory values with clinically acceptable accuracy were not obtained when mixing
volume rate of the HbV remained above 1/8 mixing rate. Subsequently the satisfactory values
were obtained when mixing rate of the HbV in serum reduced less than 1/16. Reason for the
above limited capacity for the wet method remained obscure. Further a trace amount of
potassium ion in the HbV emulsion was a puzzle.

Keywords
cellular artificial oxygen carrier, serum electrolyte determination, dry chemistry, liposome encapsulated hemoglobin,

polarographic examination

O O Introduction

It has been desired to develop a therapeutic agent which
can restore the circulating blood volume and also oxygen
carrying capacity of blood for treatment of massive
hemorrhage instead of transfusion of blood, which should be
stored at 5+ 0 [0 and compatibility test must be required.
Such therapeutic agent is expected most useful for initial
treatment e.g. in accident field by Medicares and most
effective for life saving for out-of-hospital patient care. Up
date, two types of candidate, namely hemoglobin based
oxygen carrief] HBOCOand perfluorocarbon based oxygen
carrier, were tested for this purpose. Unfortunately
development for the latter was discontinued due to short life
span in the circulation and also to thrombocytopenia after
infusion’ On the other hand for the former, acellular type, it
has been pointed out arteriolar vasoconstriction due to its
scavenging effect of nitric oxide from endothelial cells***”and
consequent coronary events® after its infusion. Thus two
pharmaceutical companies have withdrawn from the HBOC

development in early 2009. Only liposome encapsulated
hemoglobin vesicle which is emulsified in the physiological
salinél HbVVOremains to be developed further as HBOC
without noticeable adverse effects.

In general, however, it has been reported that HBOCs
could interfere clinical laboratory tests®™™ particularly
spectrophotometry used that would be interfered by
absorbancy of hemoglobin molecule. Moreover laboratory test
without spectrophotometry, such as polarographic
examination, would be suspected to be interfered by the
HbV. Since the HbV vesicles covered with non-
electroconductive phospholipid, their adherence on electrode
surface might effect on boundary potential.

This study was carried out to demonstrate whether or
not analyzers commonly used in practice could work well for
measurement of electrolyte concentrations in serum
containing a cellular artificial oxygen carrier, HbV.

0 10 Osaka Prefecture Saiseikai Noe Hospital

[ 20 East Takarazuka Sato Hospital, 2-1 Nagao-cho Takarazuka-city Hyogo 665-0873, JAPAN

0000 20090 120 15000000 2010000 180

ARTIFICIAL BLOOD Vol. 18, No.1, 2010



O O Materials and Methods

Experimental procedures were performed in Osaka
Prefecture Saiseikai Noe Hospital. Blood of 18 ml was donated
by six healthy, adult volunteers for each who had consented
to an informed consent which had stated purpose and
procedure of the study and which had been authorized by
ethics committee of the hospital. The experimental
procedures were examined and regulated by the ethics
committee. The HbV was produced and supplied by Nippro
CadJ Kusatsu, Shigal] which is one of member in research
group of Japanese Ministry of Health, Welfare and Labor
Research Project "Clinical Applications of Artificial Oxygen
Carrier H18-Drug Innovation  H18-General-022".
Physicochemical properties for the HbV was listed in Table 1.
Medium of the HbV was collected by ultracentrifugation
050,000 G for 30 minutesCand supplied by Dr. Sakai, H. ,
Associate Professor, Waseda University who is also one of
member in the above research project.

Table 1. Physicochemical properties of HbV

diameter of vesicl&l n mQo 2700
vesicle volumé&l HbVerit%O . > 300
hemoglobin content] g/dL O m9.70
phospholipid content] g/dLO 6.70
hemoglobin / phospholipid ratio gl.50

Blood of 2 ml was collected in EDTA-2K tube and used
to determine hematocrit and hemoglobin value. Serum of
approximately 9 ml was collected in a serum separating
vacuum tube by centrifugation with 1,300 G for 30 minutes
from remained blood. Human albumin powder] A3782-1G
Sigma-Aldrich, St Louis, Mo, U.S.A.llwas dissolved at 4 O in
the HbV and the medium separated from HbV.

The HbV was mixed with the original serum at 1:1
volume ratid] 1/2 mixture of the HbV Subsequently a part
of this mixture was mixed with the original serum at 1:1

volume ratio and 1/4 mixture of the HbV was prepared.
Then serial mixtures, 1/8 00 1/32, were prepared in the same
manner. Electrolyte concentrationsl Na*, K*, CI°Owere
measured duplicated for the original serum, serial mixtures of
HbV and serum, HbV and medium of HbV with dryl DO
method” mounted on Vitros250™0 Ortho Clinical Diagnostics,
Rochester, N.Y., U.S. Aland wefl WOmethod” mounted on
TBA200FRNEO™O Toshiba Medical System, Ohtawara,
Tochigil] respectively. The above experimental procedure
was repeated on five other days. Consequently total 12
measurements were performed for each same categorized
sample with the both methods, respectively. Concentration of
the electrolytes in the mixtures of HbV and serum was
estimated by simple, mathematical dilution equation. For
example, Na* concentration in the 1/2 mixture was calculated
as follows

Nal 1/2 mixture3E11/2 A 0O 1/2 x 07 x 154 O 1/2 0 1/2
x 070

where A is concentration of Na* in the original serum and 0.7
is ratio of water volume contained in aliquot volume of the
HbV. Since liposome encapsulated hemoglobin vesicles were
emulsified in the physiological saline at volume of 30 O , Na*
concentration for the medium of HbV was adapted to Na*
concentration of the physiological saline of 154 mEg/L. Mean
and standard deviations for actually measured valuél Am=*
SDO estimated valudl Em+ SDUcalculated the above
equation and differencél Dmz+ SD0between the actually
measured value and the estimated value were provided for
each measurement.

When the Dm was less than 2.0 mEqg/L for Na*, less than
0.05 mEg/L for K* and less than 20 mEg/L for CI°, actually
measured value corresponded to those Dms for each was
evaluated as acceptably determined value, respectively.

Hematocrit and hemoglobin value for the original blood
was measured with RBC pulse height detection method and
sodium lauryl sulfate hemoglobin method, respectively, using
Automated Hematology Analyzer XE-2100™0 Sysmex Corp.
Kobe, Hyogoll

0 When we measure concentration of electrolytes in samplél serum of plasmalusing the dry method which is mounted of Victors250™

0 Orho Clinical Diagnostics[] we inject the sample and reference solution into a small cylinder with maximum capacity of 500u | for each and

put those cylinders on each proper position inside of the analyzer. The analyzer sucks up the sample and reference solution with a needle

simultaneously and drops them at each proper spot on a piece of film which specific electrode for Na, K, and ClI ion are built in, respectively.

After measurement we take out the film and the cylinders and discard them. Therefore any fluid remains inside of the analyzer and so we

call the above procedure as dry method.

On the other hand for the wet method, each specific electrode adapted to the ions is provided in capillary part inside of an analyzer, for

example, TBA200FRNED™0 Toshiba Medical System The capillary is always filled with special reference solution for the ions and

calibrated. Therefore we call it as wet method.
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Table 2. Electrolyte concentrations for the original seruni] serum(] serial mixtures of the original HbV and

the serum, and the original Hb\MI HbvO

HbV HbV in the mixtures serum
1/2 1/4 1/8 1/16 1/32
0 AmO 1550+ 220 1480+ 190 147.1+ 2200 1464+ 240 1458+ 260 1453+ 280 1430+ 2,50
DO EmO a 1481+ 150 1459+ 2.10 1464+ 2.30 1443+ 250 1442+ 250 |
0 DmO 0 00+ 090 1.2+ 050 00+ 050 15+ 090 1.2+ 070 |
Na" O o | | | | | | |
0 AmO1102+ 14 1257+ 1.00 1346+ 130 138.7+ 150 1408+ 1.70 1418+ 160 1420+ 13
W EmO 147.0+ 080 1445+ 1.00 1448+ 120 1427+ 120 1424+ 130
Dm 0213+ 09 099+ 10 061+ 09 018+10 005+ 08
0 AmO NDO 222+ 0180 312+ 0.220 353+ 0.250 3.71+ 0250 3.82+ 0250 3.93+ 0.300
DO EmO | 2.32+ 0.1801 3.20+ 0.300 3.61% 0.2900 3.77+ 0300 3.86+ 0.310 |
0 DmO 0 00.10+ 0.060J00.05+ 0.070J00.07+ 0.070100.05+ 0.080100.05+ 0.08C1 |
K* O o O 0 O O O O |
0 AmO035+ 001 194+ 0130 2.89+ 0.170 3.36+ 0.180 3.60+ 0200 3.72+ 0200 3.85+ 0.25
W EmO 2.27+ 0160 3.11+ 0200 354+ 0.240 3.70+ 0250 3.78x 0.2600
Dm 0033+ 007 00.22+ 007 00.18+ 0.08 00.10+ 0.07 00.05+ 0.08
0 AmO150.0+ 670 126.7+ 350 1159+ 240 111.1+ 230 109.4+ 250 1084+ 210 107.0+ 1.70
DO EmO 0 1265+ 1.00 1162+ 140 1127+ 1.70 109.1+ 1.80 108.1% 1.80 0
O DmO O 02+ 270 003+ 1.30 016+ 080 04+ 120 03+ 1.00 |
cI” 0 o O O O O O O O
0 AmO105.3+ 121 1045+ 090 104.8+ 1.10 104.8+ 130 104.9+ 160 1048+ 150 1039+ 1.7
W EmO 1246+ 110 1136+ 140 109.7+ 1.60 106.0+ 1.70 1049+ 1.70
Dm 0201+ 04 088+ 05 049+ 05 011+ 07 002+ 060
g
D : dry method W : wet method mEq/L

serum = the original serum obtained from the volunters
n=12 mean+ standard deviations
Am : mean for acutually measured values

ND : not detectable
Em : mean for estimated values by the mixing equatiori] * see text

Dm : mean for differences between Am and Em corresponded

0 O Results

As shown on upper column in Table 2, Na* concentration
was determined as 1550+ 2.2 mEg/L for the original HbV
and 143.0+ 2.5 mEg/L for the original serum with the D
method. Differencé] DmUbetween actually measured 1480+
1.9 mEg/L for the 1/2 mixture and 148.1+ 15 mEq/L for its
estimated value was 0.0+ 0.9 mEg/L. Subsequently Dms with
the D method measurement were distributed in a range of
00+ 050 15+ 0.9 mEqg/L for the 1/4 O 1/32 mixtures.

On the other hand with the W method, Na*
concentration for HbV and 1/2 mixture were measured as
1102+ 1.0 mEg/L and 125.7+ 1.0 mEqg/L with Dm of 0213+
0.9 mEg/L , respectively. Subsequent Dm for the 1/4 and 1/8
mixture were 099+ 10 and 06.1+ 09 mEQq/L, respectively
and therefore those Ams were not evaluated as the
acceptably determined value. Dm with Na" concentration for
the 1/16 and 1/32 mixture, however, was 1.8+ 1.0 and 05+
0.8 mEQ/L, respectively. Those were less than 2.0 mEq/L and
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those actually measured values were evaluated as the
acceptably determined value.

K* concentrations were listed on middle column in
Table 2. K" concentration for the HbV could not measured
by the D method. Since the analyzer the D method mounted
showed "NDU not detectableon its display panel. However
subsequent actually measured values of K™ concentration for
the 1/2 0O 1/32 mixture distributed in a range of 3.12 0 3.82
mEq/L and Dms were less than 01.00+ 0.06 mEg/L with the
D method.

With the W method, on the other hand, K" concentration
for the HbV was determined as 0.35+ 0.01 mEqg/L and Dms
for the serial mixtures of 1/2 0 1/32 distributed in a range of
00.33+ 007 O D00.05+ 0.08 mEg/L . Those Dms became
smaller corresponded to decreasing in the mixing rate of the
HbV down to the 1/32 mixture.

As shown on lower column, CI° concentration measured
with the D method was 126.7+ 3.5 mEg/L with Dm of 0.2+



2.7 mEg/L for the 1/2 mixture and 1159+ 24 mEg/L with
Dm of 00.3+ 1.3 mEq/L for the 1/4 mixture. With the D
method, maximum Dm of 01.6+ 0.8 mEqg/L was noted in the
1/8 mixture and the other Dms did not exceed it.

Contrary with the W method, CI” concentration was
measured as 1053+ 1.2 mEqg/L for the HbV. And also CI’
concentration was measured as 1045+ 0.9 mEg/L for the 1/2
mixture and 1048+ 1.1 mEqg/L for the 1/4 mixture. These
values differed 0120.1+ 04 and 088+ 0.5 mEqg/L from those
each estimated value, respectively. However actually
measured CI” concentration of 1049+ 1.6 for the 1/16
mixture and 1048+ 15 mEq/L for the 1/32 differed 011+
0.7 and 002+ 0.6 mEqg/L from each corresponded estimated
value, respectively. Therefore those actually measured values
were evaluated as the acceptably determined value.

As shown in Table 3, Na" concentration for medium
separated form the HbV was determined as 1545+ 2.1
mEqg/L with the D method and as 1515+ 0.8 mEqg/L with the
W method. CI” concentration was determined as 1562+ 6.9
mEqg/L for the medium with the D method and 151.3+ 0.8
mEqg/L with the W method. K* in the medium was not
detected with the D method but was determined as 040+
0.02 mEqg/L with the W method.

Hematocrit and hemoglobin value for blood donated by
the volunteers was 43.4+ 3.7 0 and 151+ 1.5 g/dl,
respectively.

Table 3. Electrolyte Concentrations in Medium of HbV

Na* K ClOo
dry method 1545+ 2.1 ND 156.2+ 6.90
wetmethod 1515508 0405002 1513508
mean + standard deviations mEq/L

ND : not detectable

O O Discussion

Several reports have pointed out that contamination of
HBOCs in blood specimen interferes clinical laboratory
examinations®™™ particularly spectrophotometry used.
Further Miyake et al*’have reported that exact determination
of blood type, such as A, B, O, and AB, with an automated
blood type analyzer could not be guaranteed until the HbV
contamination would become less than 5 0. In addition it has
been reported by Ali et al that contamination of HBOC in the
circulating blood does interfere with pulse oxymetry for
oxygen saturation monitoring.*> Murata et al*] therefore,
eliminated the HbV vesicles from patients' plasma by
ultracentrifugation for a number of clinically laboratory tests.

Alternatively Takaori et al*; Murata et al** Sou et al**’ mixed
the blood with high molecular weight dextran, such as 200 O
600 kD, and separated the HbV vesicles entrapped into
aggregated red cells and obtained HbV free plasma. These
procedures separating the HbV vesicles, however, would not
be applicable for clinical laboratory practice, particularly in
emergency medicine. Cameron et al*’has reported,
nevertheless, that electrolyte concentrations in blood
containing Hemospan™J HBOCOcould be determined using
with Rcohe/Hitachi 902 ISE Modular Analytic§]l Mannheim,
GermanyOwithout any HBOC separation. Their blood
samples, however, had been diluted 8 times in the analyzer.
In practice where HBOC would be used for treatment for
massive hemorrhage, the HBOC might be contaminated up to
40 O in blood as documented in a guidance for clinical
application of the HBOC™* and thus their corroboration above
would not be guaranteed.

Fortunately in this study, we could measure the
electrolyte concentrations in the 1/2 mixture with HbV and
even in the original HbV with the D method while a few
values for K* were exceeded a little beyond the acceptable
range. In contrast with the W method the electrolyte
concentrations could not be measured while the mixture rate
was higher than 1/8 but could be less than 1/16. Reason why
definite determination could be most done with the D method
but not with the W method until the HbV was diluted less
than the 1/16 remained obscure. It also remained to reveal
that the liposome vesicle per se or liposome enclosed
hemoglobin would affect on measurement with the W
method.

In processing the HbV formation, namely encapsulation
of hemoglobin solution which obtained from hemolysed red
cells, K* should be enclosed into liposome vesicle. The
vesicles were rinsed several times with physiological saline
after the encapsulation. In fact, Na* in the HbV was found at
concentration of 1545+ 2.1 mEg/L with the D method and
1515+ 0.8 mEqg/L with the W method. However K"
concentration for the HbV per se and the medium separated
was determined as 035+ 0.01 mEg/L and 040+ 0.02 mEq/L
with the W method, respectively. Liposome membrane is
defined as semipermeable by Chang'" Therefore possibility
that K* might diffuse out through the liposome membrane
during storage could be anticipated. This possibility remained
also to be revealed in the future.

Incidentally any abnormal findings were noted on
neither hematocrit nor hemoglobin value for the blood
donated by volunteers.
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0 O Summary

It was confirmed that the dry method mounted on
Vitros200™0O Orho Clinical DiagnosticsO was most adaptable
to determine electrolyte concentrations, such as Na*, K*, and
CI%, in serum containing the HbV. On the other hand, the wet
method mounted on TBA200FRNEO™ Toshiba Medical
System[was limited to determine them until the HbV would
be mixed less than 1/16. Reason for the limited capacity for
the wet method remained to be explained in the future.
Reason for presence of trace amount of K" in the HbV and
for possible permeation of ions through liposome membrane
also remained to be studied.
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The colostrum as a blood substitute in a ruminant
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Abstract

The domestic animals such as bovine are different from a human in placenta structure. In humans, fetal chorionic epithelium is
bathed in maternal blood because chorionic villi have eroded through maternal endothelium. In contrast, the chorionic
epithelium of bovine fetus remains separated from maternal blood by 3 layers of tissue. Therefore, the immunoglobulin can not
be transferred through the placenta in fetus period. An antibody transfer via the colostrum to the newborn calf is the important
role for the disease prevention. Colostrum is complete food having the nutritional ingredient, and also, the colostrum contains
many immunostimulation factors for the disease prevention in newborn calf. In this articled | would like to introduce the
examples that the cytokines in colostrum transfer orally from mother to a newborn calf.

Keywords
Colostrum, Immunoglobulin, Calf, Cytokine

Oooooono Table 1. Passive transfer of immunoglobulin to the newborn animals
ooooooooooooooooooooooooooo Animal Placenta structure Fetal transfer Transfer to newborn
00000000000000000000000000000 Lovels Tonns (hours)
Cow Syndesmochorial Placentae - ++ 24
poobonoobonobboobonoobonoonoon Pig Epitheliochorial Placentae - ++ 24~36
go0ooooooooooooooboobooboobobooa Horse Epitheliochorial Placentae — - 24
Dog Endotheliochorial Placentae + + 24~48
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o0 o0
Kanta Tsumoto

gogo
gbobogooooobooooooboboboooobobobooboboooobobobobDoobDoboooboDbo
gobooboooboobooboobooboobooboobooboobooboobOpmoboobooDOg
OO00O0Ogiant liposomeJO 000 0OuymO 0000000000000 O0O0OO0OOO0OOOOOOODOOODOOODOOOO
gbobogoogi1o nmibDbO0O0O0DOOO0o0oOO0o0oODbOO0OODbO0OO0OO0bOOOo0obLObOO0o0OObOoOooObOoOooDbbOooDo
gboboooboboooboobooboobooboooboboooboboobooboobooboboDoobOoboobo
goooooboobooobooboobooboooooboooobobooboobobobObobDoobOobDooDb o
gogboooooboooooooobooooboooobooooboobooboooboooboobooobboobooboboobooDo

Abstract

Liposomes are vesicles enclosed with lipid bilayers, which are spontaneously formed when phospholipid is suspended in an
aqueous solution. They are often used as model cell membranes, drug or gene carriers, etc. Generally, liposomes with a diameter
of more than O 1y m, the size of which is large enough to observe using optical microscopy, are referred to as giant liposomes.
Because they have such a large size as microns, they are well studied by researchers who have an interest in artificial cell
models; however, their potentialities are not so explored for medical application, which is a common purpose for conventional
small liposome$] 00 100 nm[ In the present paper, | outline the studies using giant liposomes ori] 10mimicking cell function and
structure] 200preparation methodologies of giant liposomes and their problems to be considered, and] 3(0the availability for
substitution for oxygen carriers. | also mention, from our previous work, studies on encapsulation of a gene expression system
to giant liposomes, preparation of giant proteoliposomes using a baculovirus/insect cell gene expression system, and enhanced
formation of giant unilamellar vesicles by gentle hydration of sugar-containing phospholipid films.

Keywords
liposome, giant unilamellar vesicle, GUV, artificial cell, gentle hydration, proteoliposome
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microscopic imagé] 40x objective lens[]

g.ooooooo

0000000000000 0O00000O0OHbDVOODO
PEGOUODO0OOOODOOOY™OOODOOOOODOOOOOO
gboooobooooobooboocooboooonPEGO
goboooboobooooooboooboboooooooboooooboo
gobooobooooooobooobbooooooooooobog
0O000HbVOOOOOOODOODOODOOOOOO0OO0OOPEG
uobooobooooooooboooboboOoooOoooboboOoooo
00000000 ®*™Oo0oU0PEGOUOOUDDOOUDOODOO
000000000®000000000000000000
gobooocooboogono

coboooooooboobooooooobooooooooooon
goboooboooooooobooobbooooooobobooooboo
gobooobooooooooooboooooooooooog
uobooobooooooooOooobooboOoooooboooooo
goboooboooooooobooobboooooooboooooa
0000000000000 000000000®* 00000
gobooobooooooooboooboboOooooooooooag
ooboooooooooocoobOobboobooooooo
000000000000 00oo0ooo®™M0ooouoon
gobooobodooooooooooooooooboooog
ubobooobooooooobOoobooboOooooobooOoooo
gbobooobooooooooooobooooooooooooa
goboooboooooooboooobooboooooooboooooog
goboooboodooooooooboobooooooooooog
uobooobooooooobooobobooooOoooboooooboo
gobooobooooooobooobobooooooooooboog
goboooboodooooooooooooooooooooa
ubobooobOoooooooooobooOooooooOoooooo

ARTIFICIAL BLOOD Vol. 18, No.1, 2010

cobooooooooboboobooooboooboboOobooooDo
coboodoooobooooooooobooooooonn
000000000 oooo*™poooooooooooo
coboooobooobooooooobboOobooOoooboooDo
ooo*™®* 0oo0000000000000o0oooooo
coboodooboooboboooooobooobooooooonDn
000000 *0000000O00O00O0DO0O0ODODOD
000000000000 o0oooUooooUo®™Uuooo
oooodooooboooooooboooooooooon
coboodoobooobooOoooOooboOobooOoooboooDon
000ooooooooo®o
oobooooooooooooobooPEGUODOOODO
coboodoobooobooooooobooooooooonDn
cobooooboooboobooooOoobboOobooOobooOoOooDn
cobooooobooobooooooobbooboooooboobooDo
coboodooooboooodooooobooooooon
coboooboobooooooooooboOoOoobooOoooboo
cooooboooooooooooooOoOooOobOobOOoDbOono
ooOoobDoooOoobobooobooobOOoobobOooboDoDn
coboodooooobbooooooobooobooooooonn
cooooooobooboooboooobooooobooooo

gooogo

goboooooooooooocooooooooooooon
cobooooooobooboooooobbooboOoooOoooDn
ooooooboooooooooobbooboooooboooDon
coboodooooobooooooooooboooooonn
coboooobooooOooboOoooOoobOboOobooOoOoooOoOooDn
cooooooooboooooooooooboobOoboOobOooo
ooooooboobooooooboobbooooooDo
coboodooboooboooooooboOobooOoooooDnn
coboooobooobooboooooobboOobooOoOobOooDn
cobooooboooobooboooooobboobooooboobooDo
ooo

ooon
gobooooooobooooooooboooooooboon
coboodoooooboooooooobooOoboOoooooDnn
coooooocooboooOoobobooobob0 ooooooooo
coboooobooobbooooooobooobbooooooDo
coooooobooooooooboooooooooooon
coooboooooooOooOobOOoOOobOOobOOobOoboOoono
coboooooboooboobooooooboobooboooooooDn
ooooooobooboooooooooooooooog

good

0. Chang TM. Artificial Cells; Biotechnology, Namomedicine,
Regenerative Medicine, Blood Substitutes, Bioencapsulation,
and Cell/Stem Cell Therapy] Regenerative Medicine,

21



11.

12.

13.

14.

15.

16.

17.

18.

19.

22

Artificial Cells and Nanomedicine, vol.1[J Singapore: World
Scientific Publishing, 2007.

.oooboo0oo0oood0obo.coboob,00o00ooag

ooooooobo.oobODO, 000000000, 00
NTTD O, 2009.

.Bangham AD, Horne RW. Negative staining of

phospholipids and their structural modification by surface-
active agents as observed in the electron microscope. J
Mol Biol 1964; 8: 660-668.

. Bangham AD, Standish MM, Watkins JC. Diffusion of

univalent ions across the lamellae of swollen
phospholipids. J Mol Biol 1965; 13: 238-252.

.0o0oo0o,0cooo.obooooo.obobodg,oooo,d

ooooO.o0o0co.00 000, 1988: 1-19.

.gobo.oobbooob.boob,boobo.ooboo

gooboo, oobooobooob. oo
oooa, 2005: 4-11.

googd

.000o0,000.coobocoobo.oooobo,obo000.

ooooo.00 D00, 1988: 21-40.

.0o00,00000. 000000000000 000004,

oooooobo.ob:ooboocooboooooooooon,
1992.

.000.00b00b000b00oboobo.oo .bo0o0o, 1994,
10.

Lasch J, Weissig V, Brandl M. Preparation of liposomes. In:
Torchilin VP, Weissig V, eds. Liposomes, second edition.
New York: Oxford University Press, 2003: 2-29.
oood,oooo,0oooo.0oooooooo. 0o
ooooooooo,booboooboooo.oo o
gooogoog, 2005: 33-45.

Reeves JP, Dowben RM. Formation and properties of thin-
walled phospholipid vesicles. J Cell Physiol 1969; 73: 49-60.
Hub HH, Zimmermann U, Ringsdorf H. Preparation of
large unilamellar vesicles. FEBS Lett 1982; 140: 254-256.
Mueller P, Chien TF, Rudy B. Formation and properties of
cell-size lipid bilayer vesicles. Biophys J 1983; 44: 375-381.
Oku N, Scheerer JF, MacDonald RC. Preparation of giant
liposomes. Biochim Biophys Acta 1982; 692: 384-388.

Hotani H, Nomura F, Suzuki Y. Giant liposomes: from
membrane dynamics to cell morphogenesis. Curr Opin
Colloid Interface Sci 1999; 4. 358-368.

Tamba Y, Yamazaki M. Single giant unilamellar vesicle
method reveals effect of antimicrobial peptide magainin 2
on membrane permeability. Biochemistry 2005; 44: 15823-
15833.

Veatch SL, Keller SL. Seeing spots: complex phase
behavior in simple membranes. Biochim Biophys Acta
2005; 1746: 172-185.

Tsumoto K, Nomura SM, Nakatani Y, Yoshikawa K. Giant
liposome as a biochemical reactor: transcription of DNA

20.

21,

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33,

and transportation by laser tweezers. Langmuir 2001; 17:
7225-7228.

Ichikawa M, Yoshikawa K. Optical transport of a single
cell-sized liposome. Appl Phys Lett 2001; 79: 4598-4600.
Needham D, Zhelev DV. The mechanochemistry of lipid
vesicles examined by micropipet manipulation techniques.
In: Rosoff M, ed. Vesicles, surfactant science series, vol.62.
New York: Marcel Dekker, Inc., 1996: 373-444.

Honda M, Takiguchi K, Ishikawa S, Hotani H.
Morphogenesis of liposomes encapsulating actin depends
on the type of actin-crosslinking. J Mol Biol 1999; 287: 293-
300.

Nomura F, Honda M, Takeda S, Inaba T, Takiguchi K,
Itoh TJ, Ishijima A, Umeda T, Hotani H. Morphological
and Topological Transformation of Membrane Vesicles. J
Biol Phys 2002: 28; 225-235.

Hamada T, Miura Y, Ishii K, Araki S, Yoshikawa K,
Vestergaard M, Takagi M. Dynamic processes in
endocytic transformation of a raft-exhibiting giant
liposome. J Phys Chem B 2007; 11 10853-10857.

Ishii K, Hamada T, Hatakeyama M, Sugimoto R, Nagasaki
T, Takagi M. Reversible control of exo- and endo-budding
transitions in a photosensitive
ChemBioChem 2009; 10: 251-256.
Long MS, Jones CD, Helfrich MR, Mangeney-Slavin LK,
Keating CD. Dynamic microcompartmentation in synthetic
cells. Proc Natl Acad Sci USA 2005; 102: 5920-5925.

Cans AS, Andes-Koback M, Keating CD. Positioning lipid
membrane domains in giant vesicles by micro-organization
of aqueous cytoplasm mimic. J Am Chem Soc 2008; 130:
7400-7406.

Nomura SM, Mizutani Y, Kurita K, Watanabe A, Akiyoshi
K. Changes in the morphology of cell-size liposomes in the
presence of cholesterol: formation of neuron-like tubes and
liposome networks. Biochim Biophys Acta 2005; 1669: 164-
1609.

Wollert T, Wunder C, Lippincott-Schwartz J, Hurley JH.
Membrane scission by the ESCRT-IIl complex. Nature
2009; 458: 172-177.

gooot,jgdtb. oo bboboooooooo
O0.00000000002007, 25: 186-190.

Nomura S, Yoshikawa K. Giant phospholipid vesicles
entrapping giant DNA. In: Luisi PL, Walde P, eds. Giant
vesicles. West Sussex:John Wiley & Sons, 2000: 313-317.
Nomura SM, Tsumoto K, Hamada T, Akiyoshi K, Nakatani
Y, Yoshikawa K. Gene expression within cell-sized lipid
vesicles. ChemBioChem. 2003 Nov 7; @ 113 1172-5.
Dominak LM, Keating CD. Polymer encapsulation within
giant lipid vesicles. Langmuir 2007; 23: 7148-7154.

lipid membrane.

0000 Vol 18, No.1, 2010



34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

Hosoda K, Sunami T, Kazuta Y, Matsuura T, Suzuki H,
Yomo T. Quantitative study of the structure of
multilamellar giant liposomes as a container of protein
synthesis reaction. Langmuir 2008; 24: 13540-13548.

Saito Y, Hirashima N, Kirino Y. Giant proteoliposomes
prepared by freezing-thawing without use of detergent:
reconstitution of biomembranes usually inaccessible to
patch-clamp pipette microelectrode. Biochem Biophys Res
Commun 1988; 154: 85-90.

Kahya N, Pecheur EI, de Boeij WP, Wiersma DA,
Hoekstra D. Reconstitution of membrane proteins into
giant unilamellar vesicles via peptide-induced fusion.
Biophys J 2001; 81: 1464-1474.

Girard P, Pecreaux J, Lenoir G, Falson P, Rigaud JL,
Bassereau P. A new method for the reconstitution of
membrane proteins into giant unilamellar vesicles.
Biophys J 2004; 87: 419-429.

Nomura SM, Kondoh S, Asayama W, Asada A, Nishikawa
S, Akiyoshi K. Direct preparation of giant proteo-
liposomes by in vitro membrane protein synthesis. J
Biotechnol 2008; 133: 190-195.

Kaneda M, Nomura SM, Ichinose S, Kondo S, Nakahama
K, Akiyoshi K, Morita I. Direct formation of proteo-
liposomes by in vitro synthesis and cellular cytosolic
delivery with connexin-expressing liposomes. Biomaterials
2009; 30: 3971-3977.

Fukushima H, Mizutani M, Imamura K, Morino K,
Kobayashi J, Okumura K, Tsumoto K, Yoshimura T.
Development of a novel preparation method of
recombinant proteoliposomes using baculovirus gene
expression systems. J Biochem 2008; 144: 763-770.
Fukushima H, Matsuo H, Imamura K, Morino K, Okumura
K, Tsumoto K, Yoshimura T. Diagnosis and discrimination
of autoimmune Graves' disease and Hashimoto's disease
using thyroid-stimulating hormone receptor-containing
recombinant proteoliposomes. J Biosci Bioeng 2009; 108:
551-556.

Tsumoto K, Yoshimura T. Recombinant proteoliposomes
prepared using baculovirus expression systems. Methods
Enzymol 2009; 465; 95-109.
ooMOO0O,0000.0000000000O0DO0O00O00OO0O
0000000000000 oooooo. o
0O OO O 2006; 59: 860-863.

o000, 0000.0o02:000000000000D000
oooo.00oooo.000ogog,oooooooo
0.00:0000,2008: 279-286.
good.boooogo.ooooo.ooobo,bboobo
goodo.oo :ogogad, 2000: 79-96.

Akashi K, Miyata H, Itoh H, Kinosita K Jr. Preparation of

ARTIFICIAL BLOOD Vol. 18, No.1, 2010

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

giant liposomes in physiological conditions and their
characterization under an optical microscope. Biophys J
1996; 71: 3242-3250.

Magome N, Takemura T, Yoshikawa K. Spontaneous
formation of giant liposomes from neutral phospholipids.
Chem Lett 1997; 26: 205-206.

Yamashita Y, Oka M, Tanaka T, Yamazaki M. A new
method for the preparation of giant liposomes in high salt
concentrations and growth of protein microcrystals in
them. Biochim Biophys Acta 2002; 1561: 129-134.

Tsumoto K, Matsuo H, Tomita M, Yoshimura T. Efficient
formation of giant liposomes through the gentle hydration
of phosphatidylcholine films doped with sugar. Colloids
Surf B Biointerfaces 2009; 68: 98-105.

Yamada NL, Hishida M, Seto H, Tsumoto K, Yoshimura T.
Unbinding of lipid bilayers induced by osmotic pressure in
relation to unilamellar vesicle formation. EPL: Europhys
Lett 2007; 80: 48002.

gogod.bobob.ooog, bbb, oog,boooo.
dooodooooooo.oo .00obo, 2007: 585-588.
Rodriguez N, Pincet F, Cribier S. Giant vesicles formed by
gentle hydration and electroformation: a comparison by
fluorescence microscopy. Colloids Surf B Biointerfaces
2005; 42: 125-130.

Nishimura K, Hosoi T, Sunami T, Toyota T, Fujinami M,
Oguma K, Matsuura T, Suzuki H, Yomo T. Population
analysis of structural properties of giant liposomes by flow
cytometry. Langmuir. 2009; 25: 10439-10443.

oo, g0, ggoo.ocobobbboboboboboooon
O0DO00000.0000 2009; 49: 256-259.

Funakoshi K, Suzuki H, Takeuchi S. Formation of giant
lipid vesiclelike compartments from a planar lipid
membrane by a pulsed jet flow. J Am Chem Soc 2007; 129:
12608-12609.

Horger KS, Estes DJ, Capone R, Mayer M. Films of
agarose enable rapid formation of giant liposomes in
solutions of physiologic ionic strength. J Am Chem Soc
2009; 131: 1810-1819.

O0000. 000000000 oooooooooo. oo
googooooob, obobooboobob.on o
O0O00OO0O0DOOd, 2005 618-623.

Bivas |, Vitkova V, Mitov MD, Winterhalter M, Alargova
RG, Meleard P, Bothorel P. Mechanical properties of lipid
bilayers containing grafted lipids. In: Luisi PL, Walde P,
eds. Giant vesicles. West Sussex:.John Wiley & Sons, 2000:
207-219.

Sakai H, Sato A, Okuda N, Takeoka S, Maeda N, Tsuchida
E. Peculiar flow patterns of RBCs suspended in viscous
fluids and perfused through a narrow tubél 2510 mJ Am J

23



Physiol Heart Circ Physiol. 2009; 297: H583-H589. Sci USA. 1992; 89: 11547-11551.
60. Mader MA, Vitkova V, Abkarian M, Viallat A, Podgorski 62. Sleep J, Wilson D, Simmons R, Gratzer W. Elasticity of the

T. Dynamics of viscous vesicles in shear flow. Eur Phys J red cell membrane and its relation to hemolytic disorders:
E. 2006; 19: 389-397. an optical tweezers study. Biophys J. 1999; 77: 3085-3095.

61. Miyata H, Hotani H. Morphological changes in liposomes 63. Limozin L, Roth A, Sackmann E. Microviscoelastic moduli
caused by polymerization of encapsulated actin and of biomimetic cell envelopes. Phys Rev Lett. 2005; 95:
spontaneous formation of actin bundles. Proc Natl Acad 178101

24 0000 Vol 18, No.1, 2010



gogooo

Do0o0o00ooooooooog/ooooooobon
Jotbodbotdogo

Numerical study on flow behaviors of red blood cells with
liposome-encapsulated hemoglobin at microvascular bifurcation
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Abstract

Flow analysis at microvascular bifurcation after partial replacement of red blood celll RBCOwith liposome-encapsulated
hemoglobiri] LEHOwas performed using the lattice Boltzmann method. A two-dimensional bifurcation model with a parent
vessel and daughter branches was considered, and the distributions of the RBC and LEH were calculated. In the present study,
the immersed boundary method was employed to incorporate the fluid-membrane interaction between the flow field and
deformable RBC. The cell membrane is treated as a neo-Hookean viscoelastic material and a Morse potential was adopted to
model the intercellular interaction. When only RBCs flowed into the daughter branches with unevenly distributed flows, plasma
separation occurred and the RBC flow to the lower-flow branch was disproportionately decreased. On the other hand, when the
half of RBC was replaced by isovolumic LEH, the biasing of RBC flow was enhanced whereas LEH flowed favorably into the
lower-flow branch, because many LEH within the parent vessel are suspended in the plasma layer that is impenetrable to RBCs.
Consequently, the branched oxygen fluxes became nearly proportional to flows. These results indicate that LEH facilitates
oxygen supply to branches that are inaccessible to RBCs.

Keywords
liposome-encapsulated hemoglobin, red blood cell, microvascular bifurcation flow, lattice Boltzmann method, biased flux
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