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original article

Measurement of electrolyte concentrations in serum
containing liposome vesicles

Seiji Miyake , Jiro Takemura , Hiromi Sakai ®, Masuhiko Takaori ©®

Abstract

We reported in previous study that wet method using conventional electrode was not satisfactory
for measurement of electrolyté] Na and ClCion concentration when one of artificial oxygen carrier,
Hb\J liposome encapsulated hemoglobin[] was contained more than 1/8 volume ratio in serum. In
present study we attempted to clarify the above reason using liposome in which distilled water
was encapsulated and which was emulsified in distilled water. The liposome emulsion was mixed
with 1680 saline at volume ratio of 25 : 12 and then the mixture was diluted at 1/2, 1/4, 1/8,
1716, 1/32 with 0.830 saline. Human albumin* was added at 400 in those mixtures adapting to a
clinical specimen. Subsequently Na and Cl ion concentration in the above mixtures were measured
by the wet method] W methodOusing TBA-200FRNEO™ and dry chemistry method] D methodO
using VITROS250™, respectively. As results, Na and Cl ion concentration differences in the
mixtures measured by either wet or dry method and either Na ion or Cl ion concentration
differences between D and W method were obtained in most similar ranges. Therefore it was
concluded that measurement of Na and Cl ion concentration by D method is not interfered with
coexisted liposome vesicles at maximally 2200 wvolume ratio in serum. And it was assumed that
coexistence of both hemoglobin and liposome vesicle could limit the capacity with W method for
measurement of the electrolyte ion concentration in serum containing the HbV. Consequently we
evaluated the D method as it can be used for measurement of electrolyte ion concentration in
serum containing liposome vesicles while some correction factors might be provided necessarily.
Accuracy in determination of liposomecrit, volume ratio of liposome mass in the emulsion, with
ultracentrifugation and diffusion of water molecule through the liposome membrane by osmosis
were also discussed in this paper.

* Human albumin powder supplied from Sigma-Aldrich contains a trace amount of Na.

Keywords
liposome encapsulation, electrolyte concentration measurement, liposome, polarographic method, phospholipid membrane
permeability, artificial oxygen carrier

Introduction

Many studies*™”have been reported on interference with
hemoglobin based artificial oxygen carriefd HBOCOto
laboratory examinations in clinical practice. The interference
with HBOC in those studies attributed most to light
absorbance of hemoglobin molecule with spectrophotometry.
We expected, however, that polarographic measurement for

electrolytél Na, K, ClOion concentrations in serum would
never be interfered even if the serum had contained HBOC.
Thus we tried to measure them in serum containing HBOC,
hemoglobin encapsulated liposome vesicle emulsified in the
physiological saliné] HbV[] The measurement could performe
most satisfactorily by dry chemistry method but surprisingly
was limited partially by conventional wet method®? Namely

[0 10 Osaka Prefecture Saiseikai Noe Hospital 2-2-33 Higashi-lmahuku, Jyotou-ku, Osaka 536-0002, Japan
0 20 Research Institute for Science and Engineering, Waseda University 3-4-1 Ohkubo, Shinjyuku-ku, Tokyo 169-8555, Japan
[ 30 East Takarazuka Sato Hospital 2-1 Nagao, Takarazuka, Hyogo 665-0873, Japan

0000 201000028000000 201000000

ARTIFICIAL BLOOD Vol. 18, No.3, 2010

91



clinically acceptable value could not be obtained, if volume of
the HbV in the serum exceeded over 1/8. We wondered
whether liposome per se or liposome encapsulating
hemoglobin would have limited the measurement.

In this study to elucidate mechanism for the above
limited ability with the wet method, we prepared liposome
vesicles encapsulating distilled water instead of hemoglobin
solution and attempted to demonstrate sole effect of those
liposome vesicles attributed to the limitation with the wet
method comparing with the dry chemistry method.

Method

Liposome vesicles encapsulating distilled water were
prepared in Waseda University. 1,2-dipalmitoyl-sn-glycero-3-
phosphatidyl choline, cholesterol, 1,5-O-dihexadecyl-N-succinyl-
L-glutamate which were supplied from Nippon Fine Chemical
Co. Ltd. Osaka, Japan, and 1,2-distearoyl-sn-glycerol-3-
phosphatidyl ethanolamine-N-PEG5000 from NOF Corp.
Tokyo, Japan were mixed at mole composition of 5/5/1/0.033.
The mixture of 10 g was dissolved in 140 ml of distilled water
and stirred with a stirring machine model SFS710-AA
0 Advance Corp. Tokyo, JapanCovernight. After liposome
vesicle formation, the vesicles were extruded out through 220
nm pore sized FM filtef] Millipore Corp. Billerica, Ma. US.A.00
under 30 kgf/cm’ and their size was adjusted approximately
240 nm which was confirmed with Zeta-Sizer Nano ZS
O Malvern Instruments Ltd. Worestershire, U.K.[1 Volume of
vesicled] liposomecritOemulsified in distilled water was
determined to be 520 after 100,000 G ultracentrifugation
with Optima LX-80] Beckman Coulter Co. Brea, Ca. US. AL
The emulsion was sealed with air and stored at 4 0 in a
refrigerator. Human albumin powdef] A1653-5G Sigma-
Aldrich St Louis, Mo. US. A.0was dissolved in the emulsion,
1.680 and 0.840 saline at 40 for each, simulating human
serum. Then 2.5 ml of the emulsion, 1.2 ml of the 1.6800 saline
and 2.5 ml of 0.840 saline were mixed. This mixturél L,Cwas
diluted by the 0.840 saline with 400 albumin at 1.1 volume
rate and prepared 1/2 mixturél L,,[] Subsequently 1/4, 1/8,
1716, and 1/32 mixturé] L, Ly, Ly, Lis,0were prepared in
the same diluting fashion as for the 1/2 mixture. It spent 30
O 40 minutes for preparation of those mixtures. Na and Cl
ion concentration in those mixtures were measured
duplicated with the dryl DOand the wefl WOmethod,
respectively, and whole measurement was performed within
approximately 80 0O 100 minutes. For measurement with D
method, VITROS250™0 Ortho Clinical Diagnostics, Rochester,
N.Y. U.S.A.Owas used and TBA-200FRNEO™0 Toshiba
Medical System Corp. Ohtawara, TochigiCwas used for W
method. On every study day, the 0.830 saline with and
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without the albumin were prepared and used for reference
measurement of electrolyte ion concentration by D and W
method, respectively. Estimated concentrations of electrolyte
ion in the L, and serially diluted mixtures were calculated by
simple, mathematical dilution equation. Incidentally] 10 0.520
was used as ratio of outer water volume of liposome vesicles
in original, undiluted liposome emulsion for the equation,
since liposomecrit was determined as 520 with the
ultracentrifugation.

The human albumin powder supplied from Sigma-
Aldrich company contains a few amount of Na not
accompanied with Cl ion®! We measured Na ion concentration
in the 0.840 saline with 40 albumin and obtained 1500+ 15
mEq/L for it by D method and 1439+ 1.3 mEqg/L by W
method.

These experimental procedures were performed in
Osaka Prefecture Saiseikai Noe Hospital on five separate
days. Mean and standard deviations for actually measured
valuél Amz SDI[] its corresponding estimated valué] Emz
SDOand differencél Dmz* SDObetween the actually measured
value and the estimated value for each measurement of the
mixtures were listed in Table 1. Difference between ion
concentration measured by D method and by W method for
each mixture, was listed in Table 2. In Table 3, difference
between Na and CI ion concentration in the same mixture
measured by D method and W method was listed,
respectively. Student t-test was used for statistical analysis
and p < 0.05 was evaluated as significant difference.

Results

Regarding to Na ion concentration, in general, actually
measured values were lower than their estimated values for
each using either D method or W method. This trend was
noted markedly and significantly in L, and L,. As shown in
Table 1, actually measured Na ion concentration was 24.8+
0.8 mEg/L in L, and 29+ 06 mEg/L in L,, less than each
corresponded estimated value by D method, respectively.
The similar trend that the actually measured value was
279+ 14 less in L, and 20+ 10 mEQ/L less in L,, than its
corresponded estimated value was noted with W method.
Every actually measured value of Na ion concentration in L,
O Ly, however, did not differ significantly from each
estimated value not regarding to the methods used for
measurement.

Actually measured CIl ion concentration in L, by D
method was 109.5+ 0.7 mEg/L and differed 342 + 0.7 mEqg/L
from its estimated value. This difference was significantly
greater compared with other differences for L, O Ly
ranged within 7.2+ 0.7 0O 44+ 44 mEqg/L. The similar trend
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Table 1. Na and CI ion concentration actually measured by D and W
method, its estimated value and difference between actually
measured and estimated value

Ll L1/2 L1/4 I—1/8 L1/16 L1/32

Amz SDO 1237+ 080 1359+ 080 1422+ 100 1455+ 100 147.1+ 12001478+ 110
D Emz SDO 1485000 1389+ 030 1435+ 040 146.2+ 0500 147.8+ 050 148.6+ 0.60
Dmz SD 0248+ 08 [29+ 06 013+ 09 008+ 08 007+ 08 [08+ 06
Na

Amz SDO 1160+ 140 1301+ 120 1371+ 100 140.6+ 130 1422+ 110 1431+ 1.30
W Em+ SDO 1439000 1321+ 060 137.6+ 050 1406+ 050 142.3+ 0.60 143.1+ 050
Dm+ SD 0279+ 14 [20% 10 005+ 05 00+ 09 00+ 07 00+ 08

Amz SDO 1095+ 070 1221+ 0900 127.9+ 0.600 1315+ 0500 1326+ 0.701 1334+ 0.80
D Em: SDO 1437000 1293+ 030 1337+ 040 136.1+ 0.30 137.8+ 0.3 138.2+ 0.30
Dm+ SD 0342+ 07 072+ 07 058+ 05 045+ 04 052+ 06 (04807

Cl
Amz SDO 108.7+ 090 1233+ 070 1307+ 0.70 134.1+ 060 136.1+ 0.70 136.8+ 1.00
W Em+ SDO 1485000 1289+ 040 1343+ 030 1374+ 030 139.0+ 0.301 139.9+ 040

Dm+ SD 0398+ 09 [56+ 08 036+ 04 033+ 05 029+ 04 0131+08

Am= SD : mean of actully measured value + standard deviations
Em+ SD : mean of estiamted value * standard deviations
Dm+ SD : mean of difference between acutally measured and
its estimated value + standard deviations
n0O 10 unit : mEq/L
D: D method W : W method

was noted in Cl ion concentration differences measured by W
method, namely difference of 39.8+ 09 mEqg/L for L, which
was significantly greater than those for L,, O L, ranged
within 56+ 04 0O 29+ 04 mEqg/L.

As shown in Table 2, every Na ion concentration
measured by D method was higher than that by W method.
Difference between the both methods ranged within 7.7+ 1.9
0 47+ 18 mEg/L for Na ion concentration. Difference of
7.7+ 19 mEg/L in L,, however, was much greater compared
with differences for other mixtures. On the other hand, no
significant difference for Cl ion concentration was observed in
the L,. The differences for Cl ion concentration in L,,0 L,
measured by D method ranged within 01.2+ 0.7 0 O35+ 0.8
mEQg/L and were significantly less than those by W method.

We added human albumin powder in the liposome

Table 2. Comparison of ion concentrations measured by D and W method
Difference between Na ion concentrations measured by by D and W method
Difference between Cl ion concentrations measured by by D and W method

Ll Ll/Z L1/4 L1/8 L/lﬁ L1/32

Nap[d Nawn 7.7+ 190 58+ 190 51+ 160 49+ 190 48+ 180 4.7+ 180

CloO Clw 08+ 12 012+ 07 028+ 07 026+ 08 035+ 08 034+ 07

Nap : Na ion concentration measured by D method
Naw : Na ion concentration measured by W method
Clp : Cl ion concentration measured by D method
Clw : Cl ion concentration measured by W method
n0O 10

meanz+ standard deviations unit : mEqg/L
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emulsion and the serial mixtures. This procedure increased
Na ion concentration in every mixture. Therefore Na ion
concentration was higher than Cl ion concentration in the
same mixture as shown in Table 1. Differences between Na
ion and Cl ion concentration in each mixture as shown in
Table 3 were ranged within 13.8+ 12 0 145+ 09 mEg/L
with D method and 6.1+ 0.6 O 7.4+ 0.9 with W method. The
latter values were less than former significantly. Those
differences dispersed in relatively narrow range with each
method and no significant difference was noted between each
values, respectively.

Table 3. Difference between Na and Cl ion concentration for serial
mixtures measured by D and W method, respectively

Ll L1/2 L1/4 Ll/B Ll/lG L1/32

DO 142+ 080 138+ 120 143+ 100 14.0+ 080 145+ 090 144+ 090

W 74+ 0.8 6.9+ 0.7 6.4+ 0.6 6.5+ 09 6.1+ 0.6 6.3+ 0.8
n0O 10 meant standard deviations unit : mEg/L
D . D method W : W method
Discussion

Actually measured values for Na ion concentration
measured by the D method, in general, were higher than
those by the W method. On the other hand, values measured
for Cl ion by the D method were lower than those by the W
method. And actually measured values for L, mixture
differed considerably greater from its corresponded
estimated value. These differences for L, were greater than
those for other mixtures not regarding to either ions or
methods used. The similar trend was observed in the
previous study®. Those differences might be explained as
interference with liposome vesicles contaminated in serum to
polarographic measurement. Difference between the actually
measured value and its estimated value became smaller
corresponding to dilution of the liposome emulsion from the
1/2 to 1/32 mixture as shown in Table 1. It might be
interpreted that less mixing of the liposome vesicle interfered
less to electrolyte ion measurement with the polarographic
method. Those changes in the differences, however, appeared
in most similar fashion with either the D or W method. In
addition differences between Na and Cl ion concentration in
same mixtures were limited in relatively narrow range with
either D or W method as shown in Table 3. Differences
between the actually measured and its estimated value either
by D or W method were most similar for every mixture.
Therefore reliability upon the both methods could be
evaluated likely most equivalent.
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The relatively large difference between the actually
measured value and its estimated value noted in the L, and
L,, mixture has never clarified in the previous and this
study. However it was explained hardly for interference with
liposome vesicles on polarographic measurement alone. It
could not be excluded that the dilution equation to calculate
estimated value was not fully adjusted. In the equation we
used] 10 0.5200as water volume rate in outer phase of vesicles
of the liposome emulsion. We wonder, however, whether or
not the ratio of] 100 0.520was exact value of the water volume
in outer phase of liposome vesicles in the emulsion. The
liposomecrit of 5200 was determined by ultracentrifugation
with 100,000 G. Regarding to this procedure, it was not
warranted that the centrifugal force would drive out
sufficiently water in void space among the vesicles and it
would be suspected that much water volume more than
010 0.520ratio would remain in sedimented liposome mass.
We might assume that such nano sized vesicles had little
deformability against extremely strong compressive force,
such as 100,000 G.

Other possibility can be postulated that the vesicle
would be very elastic and compressible. If so, centrifugating
power was sufficient to compress vesicles and formed
liposome layer on bottom of vessel showing absolute
liposomecrit during the centrifugation. However, the layer
would reexpand by membrane elasticity of vesicle during
centrifugating power was reducing and was fixed at 5200
after the power was released. Therefore liposomecrit
measured after the centrifugation would be recognized
higher than that during the centrifugation. HbVcrit, vesicle
mass rate of the HbV which was manufactured by the same
preparing process as that for the liposome used in this study,
has been defined approximately 300 *" This value was
slightly lower than 360 of the liposomecrit estimated from
the actually measured value in this study. It is presumed that
liposome membrane of the HbV posses lower lamellarity.
Since hemoglobin as electrolyte shields the electric repulsion
between lipid bilayer membranes when hemoglobin solution
was encapsulated in the vesicle. Based on the HbVcrit, we
estimated values of Na and Cl ion concentration in serum
containing the HbV and fit them to actually measured values
relatively better, respectively, in the previous study® In
addition, data®that the HbV has been composed with 9.74
g/dL of hemoglobin and 6.65 g/dL of phospholipid may
support the above value of HbVcrit.

Regarding to the difference between the actually
measured value and its estimated value, which was noted
particularly greater in the L, and L., we could assume that
distilled water encapsulated in the vesicle permeated through
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liposome membrane by osmosis after the mixing the liposome
emulsion with mixture of the 0.840 saline of 2.0 ml and 1.680
saline of 1.2 ml. Liposome membrane was documented as a
semipermeable membrane by Chang™ Diffusion coefficient
varies certainly depending upon its membrane composition
and upon physicochemical properties of solutions in inside
and outside of the membrane. In this study, measurement of
Na and Cl ion concentration was carried out at 30 O 40
minutes after preparation of the mixtures. Such interval is
considered sufficient to move water through the
semipermeable membrane of liposome.

In the previous study®'we reported that a trace amount
of potassium ion was noted in the HbV. In preparation of the
HbV, hemoglobin solution which obtained from hemolysed
red cells was encapsulated in liposome vesicle accompanying
with intracelluar potassiunt] KOof red cells. The vesicles were
rinsed several times with physiological saline after the
encapsulation and excess hemoglobin and K outside of the
vesicle were removed. The K encapsulated inside of the
vesicle would partially diffuse out during the rinsing but not
all. Therefore we anticipated that K remained inside might
diffuse out through the liposome membrane during storage.
In this study, however, we did not attempted to observe the
above K ion diffusion through the liposome membrane. Either
analyzer mounted D or W method is provided for
measurement of electrolyte ion concentration in serum in
practice and can be adopted for measurement of K ion
concentration between 1.0 O 10.0 mEg/L with the W method
and 1.0 0O 15.0 mEqg/L with the D method. Therefore
accuracy with K ion concentration measurement is less than
1710 O 1/20 that with Na ion. For this reason we used a
single saline solution without K ion in this study. However
either Na or K ion is monovalent ion. Therefore K ion is
assumed to move most likely through a semipermeable
membrane as same as Na does.

There were some limitations in this study. Analyzer,
VITROS250™ for D method and TBA-200FRNEO™ for W
method, both are essentially provided for measurement of
samples obtained in clinical practice but not for saline or
unphysiological solution, such as liposome emulsion. While we
added human albumin powder in the mixtures simulating
human serum, it might be not fully adjusted to their proper
use. Actually measured Cl ion concentrations in 084 saline,
such as 1345+ 0.6 by D method or 1375+ 02 mEqg/L by W
method, was considerably less than estimated value of 1437
mEqg/L respectively. Therefore apprehension that those
analyzers had been essentially inadequate for this study
remained.

In the second, any data for an accurate amount of Na
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contained in the human albumin powder used in this study
have not been informed from Sigma Adrich company. We
dissolved the albumin powder at 40 in 0.840 saline and
obtained Na ion of 150.0+ 1.5 mEq/L by D method and
1439+ 1.3 mEqg/L by the W method. Subsequently we
subtracted 143.7 mEq/L essential Na ion concentration for
0.84 O salineOfrom the measured values and we anticipated
Na ion concentration associated with 40 albumin alone as 6.3
mEqg/L by D method and 0.2 mEg/L by W method.

Conclusion

It was concluded that liposome vesicles contained in
serum per se does not interfere essentially to measurement
of Na and Cl ion concentration by either the dry method with
VITROS250™ or the wet method with TBA-200FRNEO™.
Therefore the limited capacity associated with the wet
method noted in the previous study® was not clearly
elucidated. It was suggested, however, possibly that
coexistence of hemoglobin and liposome vesicle could limit
the capacity with W method for measurement of electrolyte
ion concentration in the serum.

The marked differences between actually measured
value and its corresponded estimated value, noted
particularly for the L,, might attribute to the accuracy of
determination of liposomecrit or to the water movement
across the liposome membrane.
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Abstract

Injectable O, labeling system was developed using hemoglobin-containing vesicles] HbVL] a type of artificial red blood cell, and
a simple bubbling method. L-cysteine was added as a reductant to protect hemoglobin molecules from HbV oxidation.
Measurement of cerebral blood flow] CBFOand metabolic rate of oxyger] CMRO,0in five normal rats was performed using a
small animal PET scanner after the injection of H,”O and *O,labeled Hb\M1 *O,-HbVto evaluate the precision of hemodynamic
parameters quantitatively. The most efficient method for labeling was bubbling of O, combined with vortexing and the addition
of 28 mM or greater L-cysteine in HbV solution. The mean radioactivity of 2144+ 7.8 MBg/mL *O,-HbV was obtained using
this method. PET scans using “O,-HbV and H,”O yielded a mean CMRO, value of 6.8+ 1.41 mL/100g/minClin rats with normal
CBF of 51.4+ 7.91 mL/100g/min0] The present injectable *O,-HbV labeling system was successfully utilized to measure CMRO,
in rats, indicating that this new method could be useful for animal models to measure oxygen metabolism in the brain.

Keywords
Hemoglobin-vesiclé]l HbVE] Cerebral metabolic rate of oxygen; Injectable *0O,; Positron emission tomography] PETL] L-cysteine.
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How can the MWC two-state model be reconciled with
hemoglobin allostery?

oo oo
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Abstract

The Monod-Wyman-Changeux] MWCtwo-state allosteric model continues to be the simplest and most conceptually appealing
theory that relates the structure and function of hemoglobin. However, it is also true that the quantitative understanding of
hemoglobin allostery based on the two-state model has not yet been successful. Perhaps the most serious problem is that the O,
affinity of T-state deoxyhemoglobin in solution varies widely with solution conditions even though all the crystal structures of
deoxyhemoglobin determined to datél over a wide range of crystallization conditionsadopt essentially the same T quaternary
structure. The purpose of this paper is to explore a possible way to modify the MWC two-state model. To understand the true
nature of the allosteric equilibrium of hemoglobin, the following two approaches are important. One is O, equilibrium study on
single crystals of hemoglobin, and the other is O, equilibrium study on sol-gel entrapped hemoglobin molecules within wet
porous silica gel matrices. The former approach enables direct comparison between each crystal structure and its function, and
the latter enables determination of the O, affinities of equilibrium conformers. These studies place significant constraints on
possible mechanisms for hemoglobin allostery. The results support the MWC mechanism but suggest the existence of threél at
least threeldistinct allosteric states with different O, affinities. In this paper, experimental evidence supporting a three-state
mechanism and future subjects to be solved will be presented.

Keywords
hemoglobin, MWC model, allostery, cooperativity, allosteric equilibrium
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Fig. 1.

CH
.ooc” \CH2_®
(2,3-DPG)

Schematic representation of the reactions of hemoglobin with
ligands. Arrows indicate the directions of the reactions of non-
heme ligands upon O, dissociation. The numbers attached to the
residues are the sequence numbers. TheO-amino groups and the
o -carboxyl groups are represented by -NHi or -NH;"Oand -COO’,
respectively. Circled protons are those binding to the Bohr
groups™! Salt bridges] dashed lines[] van der Waals contacts] solid
linesC] and hydrogen bonds$] dotted linesCare also shown. Note
that all the salt bridges are present in T-state deoxyhemoglobin
but absent in R-state oxyhemoglobin. Thed 1-f ZJ ora 2-B 10
interface contains less bonds or contacts than thed 1 1 ora 2-
B 20interface, and can undergo significant changes upon the
quaternary structure change. Reproduced with modifications from
Imall 19780

Table 1. O, equilibrium parameters of human hemoglobin under various solution conditions at 250 **

Conditions K1 K> Ks Ka Pso Nmax Kr Kr Lo
OmmHg™0 0 O mmHgO O OmmHg'O 0 O TO RO

pH 9.1, 2.6 mM CI' 0.1700 0360 340  3.690 1.040 2350 01480  3.820 28000
pH 9.1, 0.1M CI'O 0.05950 0.160 150  3.330 2.150 2.730 0.06040  3.340 27000
pH 7.4, 7mM CI'D 0.06470 0.480  0.450  4.240 2.050 2400 0.09290  3.820 37000
pH 7.4, 0.1M CI'] 0.02180 0.0620 0.300  3.4500 5.320 3.020 0.02410 3.310 8700001
pH 7.4, 0.1M phosphate bufferd 0.01360 0.0300 0.150 3.430 8.730 3.140 0.01470  3.260 5700000
pH 7.4,0.IM CI, 2mM 2,3-DPGO  0.008140 0.0330 0.0300 3.820 1400 3.080 0.008000 3.000 300000001
pH 7.4, 0.1M CI", 2 mM IHPO] 0.005020 0.0130 0.00420 0.91500  48.80 2.530 0.0060100 0.9090 280000001
pH 6.5, 0.1M CI'0 0.01190 0.0110 0.0690 1240  18.80 2.880 0.01170  1.600 6200000
pH 6.5, 0.1M CI", 2 mM IHP 0.00403  0.0044 0.0073 0.0339 136 1.77 000402  0.0635 4000

Experimental conditions are as follows: hemoglobin concentration, 0.6 mM on heme basis; in 0.05 M Tris buffer for pH 9.1,
and in Bis-Tris buffer for pH 7.4 and 6.5. KiJ i = 1, 2, 3, or 4[s O, association equilibrium constant for the i-th oxygenation
steft] Adair constantl] Py, is partial pressure of O, at half-saturation, and nn.x is maximal slope of Hill plot. Best fit
parameters for the MWC two-state modell K+, K, and L,Oare also shown. All data are taken from ImaliJ 1982(1"
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Fig. 2. An equilibrium diagram of hemoglobin oxygenation as predicted
by the MWC two-state model’> The MWC model assumes an
equilibrium between the two affinity conformations of the entire
molecule, T and R; T denotes the tense or low-affinity quaternary
structure and R denotes the relaxed or high-affinity quaternary
structuré] the subscripts indicate the numbers of bound O,
moleculesl] K is the association equilibrium constant for a subunit
in the T conformation, Ky is that for a subunit in the R
conformation, and L; is the equilibrium constant for the
conformational equilibrium between T, and R, where L; &1 T;[¥] RO
= L{J K+/Kgl The basic assumption of the two-state model is that
K; and Ky are dependent on the quaternary structure of the
protein, and not on the number of O, molecules already bound.
Thus, the cooperativity arises simply from the ligation-induced
shift of the conformational equilibrium toward the R-state.
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Fig. 3. Hill plot for O, equilibrium curve of gel entrapped hemoglobin
locked in anion-free low-salt deoxy state* Sol-gel entrapment and
subsequent O, equilibrium measurement were carried out using a
modified protocol as described previously®! pO, is partial pressure
of O, and Y is fractional O, saturation. Closed circles represent
the O, association curve measured at 200 in the absence of
anions and in the presence of 0.1 M Nzl 2-hydroxyethylCpiperazine-
N’ 2-ethanesulfonic acidd HEPESOat pH 7.0. Open circles indicate
the succeeding O, dissociation curve measured after the O,
association measurement. The solid lines joining the circles are
the results of analysis assuming the presence of two independent
components with different O, association equilibrium constants.
The calculated O, association equilibrium constants for the low-
and high-affinity components of the association curve are 0.0074
mmHgT 850 Oand 0.96 mmHg T 150 0 respectively] the
fractional populations are shown in the parentheses] Two dashed
straight lines corresponding to the O, affinities of these two
component$] T and PCare shown. For comparison, the lowest and
highest O, affinities of solution hemoglobin at 2000 are shown as
two thin solid straight lines] corresponding to K = 0.0057 mmHg™*
and K = 53 mmHg'0 These two end affinities agree well with the
0, affinities of T- and R-state crystals of hemoglobin at 2000 K =
0.0051 mmHg™* and K = 52 mmHg*l
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Fig. 4. Difficulty in crystallization of the P-state. In the case of human
hemoglobin, the T-state can be more readily and selectively
crystallized, because of its lower solubility than that of the R-state
or the P-state.
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A consideration about advantageous effect of the laser treatment of
port-wine stains with blood substitutes including hemoglobin

go gg
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Abstract

Hemangioma simplex, so called port-wine stain§l PWS[] consist of dysfunctional dilated micro vessels in normal dermis. Laser
treatment was introduced to achieve the selective destruction of micro vessels in 1970. The targets of laser beam are
erythrocytes in micro vessels. Light energy of laser is absorbed by erythrocytes and converted into thermal energy that
damages the vessel walls. The development in laser engineering has contributed to technical advantages of therapeutic
instruments. And the complete removal of PWS has been challenging. It is extremely difficult to treat the lager or smaller
diameter micro vessels and deeply situated vessels in dermis by laser treatment. Administration of artificial red blood cell
before laser treatment is considered to have a possibility to improve the therapeutic outcome of PWS. Because the diameter of
artificial red blood cell is much smaller than that of erythrocyte, administration of artificial red blood cell raises the level of
hemoglobin in smaller micro vessels. The laser beam is converted to high thermal energy with abundant targets in micro
vessels. A treatment with combination of artificial red blood cells and laser might be new treatment option for refractory PWS,
especially in smaller diameter micro vessel cases.

Keywords
hemangioma simplex, port-wine stains, capillary malformation, artificial red blood cell, pulsed dye laser, treatment-resistant
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Fig. 1. Clinical appearance of port-wine stain on a 3 month old child. Port-
wine stains are present at birth. They are flat and sharply
demarcated and grow proportionately with the child. The color
ranges from pale pink to deep red.

Fig. 2. Clinical appearance of port-wine stain on a 30 year old male face.
The color of port-wine stain gradually darkens to a red shade
during young adulthood and to a deep purple during middle age.
In addition, with aging, the surface of the port-wine stain becomes
raised and studded with nodular lesions.
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Fig. 3. Histologic appearance of port-wine staingl HE x 400 Biopsy of a
30 year old man with facial port-wine stain. Dilated capillaries
filled with erythrocytes in both upper and deep dermis. The
vessels walls are thin and lined by flat, mature appearing
endothelium.
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Fig. 4 Absorption spectra of cutaneous chromophores. Some
wavelengths in green and yellow spectra are strongly absorbed
by hemoglobin and therefore by blood vessels. The wavelength of
dye laser is determined according to the second peak of
hemoglobin's absorption spectrum curve. We can remove port-
wine stains without injuring of the surrounding tissue with dye
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Fig. 5. Treatment of port-wine stain with the variable long-pulse pulsed
dye lasef] LPPDLO A, 4 months old child with port-wine stain on
right leg before treatment. B, 1 year old, 5 months after one time
LPPDL treatment.
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' . erythrocyte

@ : artificial red blood cell

Fig. 6. lllustration of erythrocytes and artificial red blood cell§] ARBCLin
a micro vessel. A, erythrocytes in a micro vessel. B, erythrocytes
and ARBC in a micro vessel. Because the diameter of ARBC is
much smaller than that of erythrocyte, ARBC flow among
erythrocytes in a micro vessel. Administration of artificial red
blood cell raises the level of hemoglobin in smaller micro vessels.
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