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Bob Winslow and the special blood substitutes trans Pacific connection between

Japan and the U.S.

Marcos Intaglietta

Distinguished Professor of Bioengineering, University of California, San Diego

La Jolla, California

It is said that we will know a person when we
consume a kilogram of salt together. Having joined
for lunch at least once a month at our UCSD faculty
club for almost twenty years must have taken us
close to this threshold. To the end, he did not cease
to surprise me with innovation, style and the
relevance of his ideas, perceptions and scientific
questions.

At the time that we first met, at UCSD, my
laboratory was engaged in the analysis of
microvascular function in health and disease. Bob
was on a mission: the development of blood
substitutes, an era that begun at the Army
Letterman Institute, where he spawned the
development of many of the molecules that that are
still under study today. It is clear that he convinced
me to join that mission, rather than the other way
around.

Under Bob's leadership we established an NIH
program project at UCSD to promote the
development of blood substitutes. This attracted
national and international attention, leading Bob and
I to start the series of symposia Current Issues in
Blood Substitutes Research and Development, in
1994, in the attempt to provide an academic forum
primarily directed at reporting and discussing the
science underlying blood substitutes.

The attendance to these meeting was
extraordinary because of diversity and wide ranging
scope of interests represented. The Japanese
representation was particularly remarkable because
of the evident national commitment to blood
substitute development. The scientific leaders of the
group were Professor Eishun Tsuchida, an old friend
of Bob, and clearly one of the world leaders of
polymer chemistry, being holder of fractions of the
Kodak Color patents, and Professor Koichi
Kobayashi, a distinguished specialist in lung surgery
at Keio University who was and remains the
principal clinical force that since then drives the
Japanese development of artificial blood.

With these premises as a stage it is insightful
to dwell deeper in the ambient in which Bob
Winslow worked and operated since | knew him.
Even though he was a professor of hematology at
UCSD his aura was that of a scientist, entrepreneur
and an elegant and difficult person. However, Bob
was and will always be in my memory the ultimate
professor. Professors exist in the context of
research, teaching and intellectual exploration. Bob
did all of these superlatively, being an eloquent
lecturer and the mentor of many students. He felt
very strongly about transcending barriers, between
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disciplines, professions, and those due to geography,
leading him to promote the work of many young
investigators. This is how Dr. Hiromi Sakai was
jointly sponsored to bridge the Japanese
developments in polymer chemistry applied to blood
substitutes with the physiological studies of Bob's
Program Project.

It is worth to reflect that both Bob and Eishun
Tsuchida recognized early on that PEGI polyethylene
glycolOis a necessary component for introducing
hemoglobin based oxygen carriers into the
circulation and lower or eliminate side effects.
However this approach appears to reach a limit as
the resulting encapsulation efficiency, i.e.,, quantity of
pay load] i.e., oxygen carriervs. non carrier material
is seldom greater than 70% regardless whether we
deal with a molecular solutiori] PEG-HbL] an emulsion

O PerfluorocarbonsC] or Hb vesicles] HbV [

Bob was dispassionately aware of limitations
and virtues of virtually all proposals on how to
deliver oxygen to the tissue, and held in very high
regard the Japanese developments on how to
accomplish this. In fact, in the Spring of 2008 we had
a conversation where he proposed that Hb vesicles
might represent the next step in the evolution of
blood substitutes, and asked me to discuss with
Eishun Tsuchida the possibility of using Bob's know
how to test and help to bring his hemoglobin vesicles
to the market.

We should remain cognizant of Bob's proposal,
because he had a fundamental knowledge of oxygen
transport. And his proposals for oxygen carriers
were derivatives of this knowledge of how oxygen is
managed and used in our organisms. He would often
state that oxygen being the source of energy for
metabolism was the most protected and guarded
organic process, and that our intervening in this
process with oxygen carriers should be done with
extremes care, and profound understanding.

Finally it is also said that we should not mourn
the death of a traveler, but the death of a road. For
me and the trans Pacific readers of this note |
proposed a moment of reflection for a Professor who
principally contributed to our times and knowledge.
For the remaining and possible futures | entrust
them to the younger generation, like Hiromi Sakai,
Hirohisa Horinouchi, Andre F. Palmer, Pedro
Cabrales and Amy G. Tsai. | welcome colleagues in
the field to enlarge this cadre, an initiative that | am
certain that Bob Winslow would have
enthusiastically endorsed and that will ensure that
the road of blood substitutes reaches destination.
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Clinical Laboratory Test of Blood Specimens Containing
Hemoglobin-vesicles
- Interference Avoidance by Addition of Dextran-

O0Ooo"™Mo00 go®™0o00 o000 go™0o0 go™oog gie
Keitaro Sou ¥, Risa Komine @, Hiromi Sakai V, Koichi Kobayashi ©®, Eishun Tsuchida ©, Mitsuru Murata ®

ooo0d

O0DO0000OHODOOOO250 nmOOOOO0DOp mODODW/30000000000000000O0O00OHBOO
00000000000 DO0000DO00O0OdHODOODOODOODOODOHPODODODODOODODOODDODOODODOO
000000000000 00000000O00O000D0D0D000000000DO0O0OdWHPODODOODOODODOO
000000000000 000000000000OHOODOODOODODOODOOO0ODO0ODO0OO0OOODODO0n
0000000000000 D000000DO00D0O0OHbOOODOODOOOOOOOOOOODODOODOOOOOOO
ODexOOODOOODOODOOHDOOODOODOODOODODOOOOODOODODODODOOHRODOO 15volOOODOOOO
0000000000000 0000000000000000000000Dex0 0000487 kbaDOOOOOOO
00026g/dLO00000O0ODOOODOODODOO3000-500 rpm, 10 minOO HOOOOODOOODOOODOOODOOODOO
HbOODOODODOODOOODDOODODOODODO0ODDOO00DO00DDO00DOODexO0ODODDODOODOOOODOOODOO
00000000000 0D0O0000D0000DexODO00D0O0DOOD0ODOO0ODO0ODOODOO0ODOODOO0ODOODODOOOOO
O von Willebrand factor0 VWFO OO O OO OO O O O plasminogen activator inhibitor type-l10PAI-IOO0OOOOO0O
00000000 DexODOODOODOODOODOOODODOODOODOODOOODOODOOODOODOOODOODODOODOOnOO
00000000 0HLODOODexOODODOOOOODDOOO0ODOOHWHROODDOOODOODODODODOODOOODOO
0000000000000 0000000000000D000O00O0000000DOD00D0DODOo0ooOooDooOogn
oood

Abstract

Hemoglobin-vesicléd HbVOis an artificial oxygen carrier of which the sizé]l 250 nmOis 30 times smaller than red blood cells
0 Ou mO HbVs remain in serum after centrifugation because of its small size and as a result, HbV interferes with the clinical
laboratory test. Here we examine the interference of HbV in other clinical laboratory tests such as immunological test,
coagulation fibrinolysis examination, and blood sugar test. To precipitate the HbV by conventional centrifugal separation of
blood, we determined an appropriate condition to aggregate HbV by an addition of Dextrari] Dex[] The obtained plasma or
serum was evaluated by common clinical laboratory test. HbV could be precipitated by addition of Dexd Mw. 489 kDa, final
concentration: 2.6 g/dL in bloodOwith conventional centrifugatiori] 3000-5000 rpm, 10 min Though the presence of HbV
interfered with the measurement of many analytes, the interference could be removed by the addition of Dex. However, it
should be cautioned that this method underestimates lipoprotein concentration and von Willebrand factof] vWFOactivity, and
overestimates total plasminogen activator inhibitor type-T1 PAI-1[1Blood sugar tests for glucose and glycated hemoglobinl Hba;c[l
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could be performed without interference effect of HbV and Dex. Taken together, the present method will be useful to separate
serum and plasma from the blood specimens containing HbV for accurate clinical laboratory tests.

Keywords

Hemoglobin-vesicles, oxygen carrier, blood specimen, clinical laboratory test, interference, dextran
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Fig. 2. Precipitation of the aggregated HbV by centrifugationd aCEffect
of the molecular weight of the DexJ bEffect of the concentration
of the Dextran. HbV could be precipitated in centrifugation of
blood sample in presence of 2.6 g/dL Dex] Mw. 487 kDal
Aggregated HbV forms pellet on a red blood cell pellet after

centrifugation.
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Fig. 3. Blood collecting tubes and analytes of clinical laboratory tests alll grBlood samples after centrifugation.
The blood collecting tube contain blood+saline+salinél controll] blood+saline+Dex] interference effect of
Dex[] blood+HbV+saliné] interference effect of HbV[] or blood+HbV+DexJ this method
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Table 1. Clinical chemistry and immunological test$] Blood collection tube without contents

Blood+Saline Blood+HbV
Analytes Units CLIA limits +Salined +Dex IF0O +Saline  IFHD +Dex IF0D
0 ControlO O

Total protein(] g/dLO + 10%0 510 480  nonel 140 r 0 480  nonel
AlbuminQ g/dLO = 10%0 3.30 320 noned 4.30 | 320 noned
Total bilirubinO mg/dLO = 04mg/dL or + 20%0 0.20 010 noned  impossibled x 0O 010  noneld
ASTO 1U/L0 + 20%0 110 100 nonell  impossibled x [ 100  nonel
ALTO 1U/LDO + 20%0 70 70 noned impossibled x 0O 70  nonel
y -GTPO 1U/L0 + 20%0 80 800 noneld impossible x [ 70  nonel
LDHO 1U/L0 + 20%0 1340 1180  noneld 2700 | 1270  noneOd
LAPO 1U/L0 ND, £ 20%0 630 620  nonel 580 nonel 640 nonel
CKO /Lo + 30%0 460 460  nonel 890 0 470  nonel
ChEO 1U/LD ND, £ 20%0 2430 24200  nonel 2150 noned 2470  nonel
Urea nitrogen(] mg/dLO £ 2 mg/dL or £ 9%O 6.10 6.00 noneld 120 | 6.30 nonel
Creatinined mg/dLO + 0.3 mg/dL or + 15%0 0.390 0430 noned 2030 t 0 0470  noneQd
Uric acidO mg/dLO + 17%0 2,60 250  nonel 250 noneld 270 nonel
Total cholesterol mg/dLO + 10%0 1290 1190  noneOd 3340 | 1130  noneOd
Cholesterol ester(d mg/dLO ND, £ 20%0 990 920  noneld 2380 | 920  noned
Free cholesterol] mg/dL0 ND, £ 20%0 300 270  nonel 960] 1 0 210 (|
Triglycerided mg/dLO + 25%0 900 730  noneld 8600 nonel 690  nonel
phospholipidd mg/dLO ND, £+ 20%0 1630 1560  nonel 2350 | 1530  nonel
Free fatty acidO mEQ/LO ND, + 20%0 0.080 0.080  noneld 0.090 nonel 0.140 (|
HDL-C O mg/dLO ND, + 20%0 430 430  nonel 390 noned 450  nonel
LipoproteinsO mg/dLO + 30%0 120 50 [ 150 nonel 60 [
K*O mEQ/LO + 05 mmol/LO 240 250  noned 250 noned 260 noneld
ca*0 mg/dLO + 0.25 mmol/LO 6.20 6.20 noneld 590 nonel 6.20 nonel
Inorganic phosphated mg/dLO ND, £ 20%0 210 200 noned 220 noneld 220 noned
CRPO mg/dLO ND, + 20%0 <0020 <0020 noned 010 t 0 <0020 noned
FerritinO ng/mL0O ND, £ 20%0 350 3.00 nonel 340 nonel 2.80 10
Haptoglobin( mg/dLO ND, + 20%0 800 740  noneld 1170 r 0 800  nonel
1gGO mg/dLO + 25%0 7470 7340  nonel 6550 noneld 7440  nonel
IgMO mg/dLO ND, £ 20%0 930 8600 nonel} 600 (| 8800 noneld
HBs antigen 1U/mLO positive or negativel] <0050 <0050 nonel <0.050 nonell <0050 noneld
HBs antibody mlU/mL positive or negativell <1000 <1000 noned <1000 noned <1000 noned
HCV antibody positive or negative 0.0 00 none 00 none 0.0 none

AST: aspartate aminotransferase, ALT: alanine aminotransferase, y -GTP: y O glutamyltranspeptitase, LDH: lactate dehydrogenase, LAP: [
leucine aminopeptidase, CK: creatine kinase, ChE: cholinesterase, HDL-C: high density lipoprotein cholesterol, CRP: C-reactive protein, O

HBs: hepatitis B surface, HCV: hepatitis C virus. U IF means interference. (1 ) overestimation, (! ) underestimation, (none) no interference.
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Table 2. Clinical chemistry and immunological tests] Blood collection tube containing clot activatorQ

Blood+Saline Blood+HbV
Analytes Units CLIA limits +Salined +Dex IF0O +Saline  IFHD +Dex IF0D
0 ControlO O

Total protein( g/dLO + 10%0 520 480  nonel 14.30 0 490  nonel
Albumin g/dLO + 10%0 3.30 320 noned 4.20 | 320 noned
Total bilirubinO mg/dLO = 04mg/dL or + 20%0 0.10 010 noned Impossibled x 0O 010  noneld
ASTO 1U/L0 + 20%0 110 110 nonel  Impossibled x [ 120  nonel
ALTO 1U/LO + 20%0 50 80 1t O Impossibled x [ 80 1+ 0
y -GTPO 1U/L0 + 20%0 70 70 noned Impossible x [ 70  nonel
LDHO 1U/LO + 20%0 1310 1140  nonel 2650 (| 1150  nonel
LAPO 1U/L0 ND, £ 20%0 610 620  nonel 580 noned 620 nonel
CKO /Lo + 30%0 480 470  nonel 730 0 480  nonel
ChEO 1U/LDO ND, £ 20%0 2390 2360 nonel 2200 noned 2410  nonel
Urea nitrogen(] mg/dL0  + 2 mg/dL or + 9%[0 6.10 630 nonell Impossibled x [ 590 nonel
Creatinined mg/dLO * 0.3 mg/dL or + 15%0 0.450 0410 noned 1.800 t 0 0420  noneQd
Uric acidO mg/dLO + 17%0 250 250  nonel 230 noneld 270 nonel
Total cholesterol mg/dLO + 10%0 1260 1260  noneOd 3330 | 1190  noneO
Cholesterol esterd mg/dLO ND, £ 20%0 950 960 noneld 2390 | 910 noned
Free cholesteroll] mg/dL0 ND, £ 20%[0 310 300  nonell 940 1+ 0 2800  nonel]
Triglycerided mg/dLO + 25%0 880 8000 noneld 820 nonel 690  nonel
phospholipidd mg/dLO ND, £+ 20%0 1620 1570  nonel 2290 | 1570  nonel
Free fatty acidO mEQ/LO ND, + 20%0 0.080 0.080  noned 0.090 noneld 0.150 (|
HDL-C O mg/dLO ND, + 20%0 410 420  nonel 390 noned 430  nonel
LipoproteinsQ mg/dL0 + 30%0 140 110  noned 140  nonel 40 10
KO mEQ/LO + 0.5 mmol/LO 240 240  noned 250 noned 260 nonel
ca*0 mg/dLO + 0.25 mmol/LO 6.00 6.10 nonel 570 nonel 6.00 nonel
Inorganic phosphated mg/dLO ND, £ 20%0 210 200 noned 280 noneld 210 noneQd
CRPO mg/dLO ND, + 20%0 <0020 <0020 noneld 0.080 t 0 <0020 noned
FerritinO ng/mL0O ND, + 20%0 280 250  noned 280 nonel 260 nonel
Haptoglobin( mg/dLO ND, + 20%0 780 780  nonel 1180 r 0 820  nonel
1gGO mg/dLO + 25%0 7360 7210 nonel 6400 noneld 7420  nonel
IgMO mg/dLO ND, £ 20%0 900 840 noneld 550 g 850  noneld
HBs antigenl 1U/mLO positive or negativel] <0050 <0050 nonel <0050 noned <0050 nonel
HBs antibody[ mlU/mL positive or negative[] <1000 <1000 noned <1000 noned <1000 noneld
HCV antibody positive or negative 0.0 00 none 00 none 0.0 none

AST: aspartate aminotransferase, ALT: alanine aminotransferase, y -GTP: y Oglutamyltranspeptitase, LDH: lactate dehydrogenase, LAP: O

leucine aminopeptidase, CK: creatine kinase, ChE: cholinesterase, HDL-C: high density lipoprotein cholesterol, CRP: C-reactive protein, O

HBs: hepatitis B surface, HCV: hepatitis C virus. U IF means interference. (1 ) overestimation, (! ) underestimation, (none) no interference.
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Table 3. Clinical chemistry and immunological test$] Blood collection tube containing clot activator, inert barrier material, and thrombinO

Blood+Saline Blood+HbV
Analytes Units CLIA limits +Salined +Dex IF0O +Saline  IFHD +Dex IF0D
0 ControlO O

Total protein(] g/dLO + 10%0 5.00 480  nonel 14,00 r 0 500 noned
AlbuminQ g/dLO = 10%0 3.30 320 noned 4.30 | 320 noned
Total bilirubinO mg/dLO = 04mg/dL or + 20%0 0.10 010 noned  Impossibled x 0O 010  noneld
ASTO /Lo + 20%0 90 110 t O Impossibled x 0 110 |
ALTO 1U/LDO + 20%0 60 80 1+ O Impossibled x 0O 70  nonel
y -GTPO 1U/L0 + 20%0 80 70 noned Impossible x [ 70  nonel
LDHO 1U/L0 + 20%0 1130 1100  noneOd 2600 | 1170  noneOd
LAPO 1U/L0 ND, £ 20%0 610 620  nonel 590 noned 630 nonel
CKO 1U/7L0 + 30%0 480 470  nonel 550 noneQ 490  nonel
ChEO 1U/LD ND, £ 20%0 2390 2400  nonel 22500 noneld 2440 nonel
Urea nitrogen(] mg/dLO £ 2 mg/dL or £ 9%O 5.90 6.10 nonel 0.20 | 580 nonel
Creatinined mg/dLO + 0.3 mg/dL or + 15%0 0.390 0400  noned 1.900 t 0 050  noneQd
Uric acidO mg/dLO + 17%0 2,60 260 nonel 2,60 nonel 270 nonel
Total cholesterol mg/dLO + 10%0 1270 1230  noneOd 3370 | 1210  noneOd
Cholesterol ester(d mg/dLO ND, £ 20%0 950 930  noneld 2450 | 920  noned
Free cholesterol] mg/dL0 ND, £ 20%0 320 300  nonell 920J 1 0 290  nonel]
Triglycerided mg/dLO + 25%0 890 790  noneld 840 nonel 700  nonel
phospholipidd mg/dLO ND, £+ 20%0 1610 1600  nonel 2320 | 1570  nonel
Free fatty acidO mEQ/LO ND, + 20%0 0.070 0.080  noneld 0.090 t 0 0.140 (|
HDL-C O mg/dLO ND, + 20%0 400 410  nonel 400 nonel 430  nonel
LipoproteinsO mg/dLO + 30%0 140 90 [ 130 noneQ 40 [
K*O mEQ/LO + 05 mmol/LO 240 240  noned 250 noned 270  noneld
ca*0 mg/dLO + 0.25 mmol/LO 6.10 6.10 nonel 6.00 nonel 6.10 nonel
Inorganic phosphated mg/dLO ND, £ 20%0 190 190 nonel 2.30 t 0 220 noned
CRPO mg/dLO ND, + 20%0 <0020 <0020 nonel 0.080 t 0 <0020 noned
FerritinO ng/mL0O ND, + 20%0 310 260 noned 270 nonell 260 nonel
Haptoglobin( mg/dLO ND, £ 20%0 770 820  nonel 1210 r 0 830  nonel
1gGO mg/dLO + 25%0 7360 7290  nonel 6700 noneld 7480  nonel
IgMO mg/dLO ND, £ 20%0 890 8500  nonel} 600 (| 870  noneld
HBs antigen 1U/mLO positive or negativel] <0050 <0050 nonel <0050 noned <0050 nonel
HBs antibody mlU/mL positive or negativell <1000 <1000 noned <1000 noned <1000 noned
HCV antibody positive or negative 0.0 00 none 00 none 0.0 none

AST: aspartate aminotransferase, ALT: alanine aminotransferase, y -GTP: y O glutamyltranspeptitase, LDH: lactate dehydrogenase, LAP: [
leucine aminopeptidase, CK: creatine kinase, ChE: cholinesterase, HDL-C: high density lipoprotein cholesterol, CRP: C-reactive protein, O

HBs: hepatitis B surface, HCV: hepatitis C virus. U IF means interference. (1 ) overestimation, (! ) underestimation, (none) no interference.
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Table 4. Coagulation fibrinolysis examination

Blood+Saline Blood+HbV
Analytes Units CLIA limits +Salined .
+Dex |FOC +Saline |=al= +Dex IF0 O
0 Controld O

APTTO secondl] + 15%0 3850 41.20 nonell Impossibled  x O 4080 nonel
PTO secondl] + 15%0 1220 1220 nonell Impossibled  x O 1190 nonel
fibrinogenO mg/dLO + 20%0 1570 1490 nonell Impossibled  x O 1610 noneld
ATINO %0  ND, £ 20%0 690 670 noneld 820 1 0O 700  nonel
VWF antigen %0 ND, £ 20%0 480 340 g Impossibled  x O 430 noned
VWF activity[ %0 ND, £ 20%0 520 240 [ ImpossibleDl x O 210 1 O
Total PAI-10 ng/mL0O ND, + 20%0 60 150 1 0 30 (| 120 1 0
FDPO M g/mLO ND, £ 20%[0 <20 <20 nonel <20 noned <20 noned
D-dimer M g/mL ND, £ 20% 0.22 0.2 none <010 10 0.18 none

APTT: Activated partial thromboplastin time, PT: Prothrombin time, ATIII: Antithrombin, PAI-1: plasminogen activator inhibitor-1, 0

FDP: fibrinogen degradation products.  IF means interference. (t ) overestimation, (! ) underestimation, (none) no interference.

Table 5. Blood sugar tests

Blood+Saline Blood+HbV

Analytes Units +Salinel .

+Dex [ =tugsl +Saline [ =tu)sl +Dex [ =iu)s]
0 Control0 O
Glucose mg/dLO 65 66 none 57 none 69 none
O O
Analytesd UnitsO Blood+Salined Blood+HbVO IFO
Hbp e % 48 48 none
Hb,,c : glycated hemoglobin. P IF means interference. (t ) overestimation, (1 ) underestimation, (none) no interference.
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Perioperative Choice of Hydroxyethyl Starch Solutions
Based on Colloid Osmotic Properties:
Analysis Using Fluid Dynamics Simulation

gono og
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Abstract

Volume expanding effects of plasma substitutes depend not only on their colloid osmotic pressuré] COPObut also on capillary
permeabilities in various clinical conditions. Given that hydroxyethyl starchi] HESOsolutions are all polydisperse regarding their
molecular weights, COP of HES is a time-dependent parameter. HES molecule the radius of which is larger than that of capillary
pore maintains effective COP, while small HES molecule exerts COP only transiently. The in vitro COP measurement for 60
HES of weight average molecular weight 70,000 HES 70C] 130,0000 HES 1300] 200,000] HES 200[] and 670,000J HES 6700showed
that COP of these HES were comparable with semipermeable membrane of molecular weight cut-off 50,0000 16-20 mmHgC] while
HES 70 exerted highest COR1 80 mmHgOwith semipermeable membrane of molecular weight cut-off 1,000. The fluid volume
simulation based on microvascular exchange model showed that volume expanding effects of HES 70, HES 130, and HES 200
were similar in the normal capillary integrity. However, after acute hemorrhage during abdominal surgery with capillary
leakage, HES 200 showed a slow but long-lasting restoration of blood volume compared to HES 70 and HES 130.

Keywords
Plasma substitute, Fluid volume, Plasma, Interstitium, Hemorrhage, Injury
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Fig. 1. Molecular weight distribution of plasma substitutes. HES 70:
hydroxyethyl starch of weight average molecular weight 70,000;
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200: hydroxyethyl starch of weight average molecular weight
200,000; HES 670: hydroxyethyl starch of weight average
molecular weight 670,000; DEX 70: dextran of weight average
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was theoretically derived based on a statistical model describing a
probability distribution for molecular weight. Cited in part from
"Arfors K-E, Buckley PB. Pharmacological characteristics of
artificial colloids. Bailligre's Clinical Anesthesiology 1997;11:15-47."
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Table 1. Comparison of plasma substitutes in terms of molecular weight

Colloid My, (daltons) M, (daltons) Mu/M, ratio
DEX 40 40,000 25,000 16
DEX 70 70,000 41,000 1.7
HES 70 70,000 19,000 37
HES 130 130,000 not available not available
HES 200 200,000 not available not available
HES 670 670,000 69,000 9.7

Mw: weight average molecular weight; M,: number average molecular
weight.

DEX 40: dextran of weight average molecular weight 40,000 low
molecular weight dextran 40®, Otsuka PharmaceuticalC] DEX 70: dextran
of weight average molecular weight 70,000; HES 70: hydroxyethyl starch
of weight average molecular weight 70,000J Salinhes®, Fresenius Kabi
Japan( HES 130: hydroxyethyl starch of weight average molecular
weight 130,000] Voluven®, Fresenius Kabi[] HES 200: hydroxyethyl
starch of weight average molecular weight 200,000] HAES-steril®,
Fresenius Kabi] HES 670: hydroxyethyl starch of weight average
molecular weight 670,000] Hetastarch®, Hospira, previously described as
HES 4500

Cited in part from "Traylor RJ, Pearl RG. Crystalloid versus colloid
versus colloid: all colloids are not created equal. Anesth. Analg
1996;83:209-12."
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Fig. 2. Stokes-Einstein radius of plasma substitutes. DEX 40: dextran of
weight average molecular weight 40,000; DEX 70: dextran of
weight average molecular weight 70,000; HES 70: hydroxyethy!l
starch of weight average molecular weight 70,000; HES 130:
hydroxyethyl starch of weight average molecular weight 130,000;
HES 200: hydroxyethyl starch of weight average molecular
weight 200,000; HES 670 hydroxyethyl starch of weight average
molecular weight 670,000. Stokes-Einstein radius of plasma
substitutd] denoted by the number in nmOwas obtained from
equations in the text for dextran, and from intrinsic viscosity of
plasma substitute for hydroxyethyl starch. Stokes-Einstein radius
of albumin was cited from "Venturoli D, Rippe B. Ficoll and
dextran vs. globular proteins as probes for testing glomerular
permselectivity: effects of molecular size, shape, charge, and
deformability. Am J Physiol 2005;288:F605-13." The radius of
capillary pordl denoted by the number in nmQOwas cited from
"Michel CC, Curry FE. Microvascular permeability. Physiol Rev
1999;79:703-61."
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50,000. COP: colloid osmotic pressure.
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Fig. 5. Representative recordings of colloid osmotic pressure for 60
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Table 2. Normal steady-state values for fluid and protein in the
compartments and parameters related to capillary exchange,
lymphatics and kidney in a 70 kg male***”

Variables Values
Plasma volume (mL) 3200
Hematocrit (%) 40
Interstitial volume (mL) 8400
Plasma hydrostatic pressure (mmHg) 11
Plasma protein concentration (g/mL) 0.07
Interstitial protein concentration (g/mL) 0.0298
Reflection coefficient for protein 0.875
Fluid filtration coefficient (mLommHg*h*) 321.4
Permeability-surface area product for protein (mL/h) 200.7
Lymph flow sensitivity (mLammHg*:h) 431
Lymph flow rate (mL/h) 75.7
Rate of urine production (mL/h) 60.0
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D, Rehm M, Stoeckelhuber M, Welsch U, Conzen P, Becker BF.
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Fig. 9. Plasma volume changes during saline infusion of 25 mL/kg over
20 miriJ upper panelUand fluid distribution during saline infusion
of 10 mL/kg over 30 miri] lower panellin a simulated 70 kg male.
AVp: plasma volume change relative to baseline; AV: volume
change relative to baseline. Filled circles denote experimental data
in sheep and the solid line denotes the model-fitted curvél upper
panell Cited from "Tatara T, Tashiro C. Quantitative analysis of
fluid balance during abdominal surgery. Anesth Analg 2007; 104:
347-54." The experimental data in sheep was obtained from
"Connolly CM, Kramer GC, Hahn RG, Chaisson NF, Svensen CH,
Kirschner RA, Hastings DA, Chinkes DL, Prough DS. Isoflurane
but not mechanical ventilation promotes extravascular fluid
accumulation during crystalloid volume loading. Anesthesiology
2003;98:670-81."
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Fig. 10. Colloid osmotic pressure of hydroxyethyl starch] HESOsolutions
as a function of HES concentrations using the osmotic flow cell
with semipermeable membranes of molecular weight cut-off
1,000. The hydroxyethyl starci] HESOsolutions were diluted by
physiological salinél control, upper panelCor 80 albumin
solutiori] lower panell] COP: colloid osmotic pressure; HES 70:
HES of weight average molecular weight 70,000; HES 130: HES of
weight average molecular weight 130,000; HES 200: HES of
weight average molecular weight 200,000.
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Fig. 11. Plasma volume changes during 1000 mL infusion of 60
hydroxyethyl starch of weight average molecular weight 70,000
over an hour in a simulated 70 kg male in a normal state. A Vs
plasma volume change relative to baseline; Vi totally infused
fluid volume. The dashed line denotes percent of fluid infusion
volume relative to totally infused fluid volume. Clinical data in
patients hospitalized for minor surgical conditions was cited from
"Metcalf W, Papadopoulos A, Tufaro R, Barth A. A clinical
physiological study of hydroxyethyl starch. Surg Gynec Obstet
1970;131:255-67."
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Fig. 12. Time course of changes to plasma and interstitial volume during
crystalloid or plasma substitute infusion of 15 mL/kg over 30
min in a simulated 70 kg male in a normal state. Crys: isotonic
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average molecular weight 70,000; HES 130: 60 hydroxyethyl
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Fig. 13. Relative hematocrit changes during acute normovolemic

hemodilution by hydroxyethyl starch solutions in volunteers. Hct:
Hematocrit. Within 30 min, volunteer donated 180 of his or her
own blood. In parallel, the respective 60 hydroxyethyl starch
0 HESUsolution was infused in a ratio of 1.2:1 to the donated
blood volume. There were no statistical differences of hematocrit
between different HES groups. The data was cited from "Standl
T, Burmeister M-A, Schroeder F, Currlin E, Schulte am Esch J,
Freitag M, Schulte am Esch J. Hydroxyethyl starcH] HESO
130/0.4 provides larger and faster increases in tissue oxygen
tension in comparison with prehemodilution values than HES
70/0.5 or HES 200/0.5 in volunteers undergoing acute
normovolemic hemodilution. Anesth Analg 2003;96:936-43.".
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Fig. 14. Comparison of plasma dilution between experimental data and
that predicted by our simulation model during 25 mL/kg
crystalloid infusion over 30 min in a 76 kg male when he was
normovolemid] upper paneldJand when 900 mL of blood was
withdrawn over 15 miri] lower panelll The experimental data in
normovolemic state cited from "Drobin D, Hahn RG. Volume
kinetics of Ringer's solution in hypovolemic volunteers.
Anesthesiology 1999;90:81-91." was used to obtain estimated
values of the fluid filtration coefficient and the permeability-
surface area product for protein by a fitting procedure using our
model upper panell] The time-course plasma dilution during
crystalloid infusion after 900 mL of blood withdrawal was
calculated by our model using these parameter valued] lower
panell] Cited from "Tatara T, Tsunetoh T, Tashiro C. Crystalloid
infusion rate during fluid resuscitation from acute haemorrhage.
Br J Anaesth 2007,99:212-7."
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Fig. 15. Time course of changes to blood and interstitial volume during
fluid resuscitation by crystalloid solution from acute hemorrhage
of 15 mL/kg over 30 min in a simulated 70 kg male in a normal
state. Isotonic crystalloid solution of 2, 3 or 4 times the
hemorrhage volume was intravenously administered over 60
min.
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Fig. 16. Time course of changes to blood and interstitial volume during
fluid resuscitation by plasma substitute from acute hemorrhage
of 15 mL/kg over 30 min in a simulated 70 kg male in a normal
state. Plasma substitute of equal to the hemorrhage volume was
intravenously administered over 30 min. HES 70: 60
hydroxyethyl starch of weight average molecular weight 70,000;
HES 130: 60 hydroxyethyl starch of weight average molecular
weight 130,000; HES 200: 60 hydroxyethyl starch of weight
average molecular weight 200,000; Albumin: 50 albumin
solution.
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Fig. 17. Schematic diagram showing the compartmental model of the
body and the relevant mass flows of fluid, protein and synthetic
colloid during abdominal surgery. Jsem: hemorrhage rate; Jie
fluid infusion rate; Js.: insensible water losses from whole body
or injured tissue; J+: rate of fluid transfer from plasma to
interstitium; J.: rate of fluid transfer from interstitium to
lymphatics; Jeer: perspiration rate; Jy: rate of urine production;

wem: rate of protein or synthetic colloid transfer by hemorrhage;

we rate of protein or synthetic colloid transfer by fluid infusion;

. rate of protein or synthetic colloid transfer from plasma to
interstitium,; 6 rate of protein or synthetic colloid transfer from
interstitium to lymphatics. Cited and modified from "Tatara T,
Tashiro C. Quantitative analysis of fluid balance during
abdominal surgery. Anesth Analg 2007,104:347-54."
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Fig. 18. Time course of changes to plasma and interstitial volume during
8 h-abdominal surgery in a simulated 70 kg male. Isotonic
crystalloid solution was intravenously administered at a rate of
6 mL/kg/h. When urine volume for an hour was below
1 mL/kg, 250 mL bolus of crystalloid, 50 albumin or 60
hydroxyethyl starchd HESOsolution was intravenously
administered over 15 mirid shown by incremental increases of
plasma volumelinstead of crystalloid infusion of 6 mL/kg/h.
Crys: isotonic crystalloid solution; HES 70: HES of weight
average molecular weight 70,000; HES 130: HES of weight
average molecular weight 130,000; HES 200: HES of weight
average molecular weight 200,000.
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Fig. 19. Comparison of totally infused volume and urine volume during 8
h-abdominal surgery in a simulated 70 kg male for crystalloid,
albumin or hydroxyethyl starch solution. Crys: isotonic
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hydroxyethyl starch of weight average molecular weight 70,000;
HES 130: 60 hydroxyethyl starch of weight average molecular
weight 130,000, HES 200: 60 hydroxyethyl starch of weight
average molecular weight 200,000.
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Fig. 20. Time course of changes to blood volume during fluid
resuscitation by albumin or hydroxyethyl starch solution from
acute hemorrhage of 15 mL/kg over 30 min during 8 h-
abdominal surgery in a simulated 70 kg male. The 50 albumin
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60 HES of weight average molecular weight 130,000; HES 200:
60 HES of weight average molecular weight 200,000.
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Abstract

Blood transfusion is an important therapy even at the developed present medicine. The main problems impeding progress in
blood transfusion are the inconsistency of supply and the risk for infection of various microorganisms. Therefore, increased
interest in the use of human embryonic stenil ESOcells has emerged to procure a large quantity of safe blood for therapeutic
transfusion, because they can proliferate in culture without apparent limits and also differentiate all cell types includinng blood
cells. Although there remain a number of technological and ethical issues for the clinical use of human ES cell-derived blood

cells, we have to solve them step by step to achieve it.

Keywords

Embryonic stem cells, Induced pluripotent stem cells, Blood cells, Blood transfusion, Hematopoietic stem cells, Erythropoiesis
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Fig. 1. Proliferation and differentiation of hematopoietic stem cells.
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Fig. 9. Coculture of human ES cells with murine fetal liver-derived
stromal cells.
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Abstract

E-Cell project has been founded in Keio University in order to facilitate cell simulation for experimental biologists and medical
scientists, who are unfamiliar with computer science. We developed computer model of human erythrocyte metabolism and
discussed simulation results from the biological viewpoint. Here we explain simulated results of E-Cell erythrocyte model:
analysis of G6PD deficiency, prediction of hypoxia-induced metabolic alterations, and computational approach for prolonging cold
preservation of erythrocytes. We also suggest the significance and the perspective of living cell simulation research.

Keywords

Erythrocyte metabolism, Computer simulation, GEPD deficiency, Hypoxia-induced metabolic alteration, Blood preservation
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