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Trial Study of Blood Substitutes for Clinical Application
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Abstract

We studied effectiveness of perfusion using fluorocarbon in US kidneys from 1975. Further more, we preserved kidneys by
perfusion system using fluorocarbon under room temperature. During perfusion, preserved kidneys excreted urine. This
observation revealed that perfusion by fluorocarbon under room temperature is very useful to evaluate preserved kidneys
function. In hepatic surgery, blood flow of the liver was intercepted and the liver was preserved during operation by the similar
perfusion system. As a result, the hepatic resection was well controlled.

We studied about NRC. First, we established the high dose NRC exchange model in a rat. In this study, we certificated that the
rat of high dose hemorrhage was rescued by administration of NRC. And, we observed that the high dose NRC replacement rat
was induced immunological tolerance. As a result, xenogenic heart transplantation was succeeded by replacement of NRC.

Keywords
blood substitutes, organ preservation, perfusion, NRC, xenogenic transplantation
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Table 1. Result of fluorocarbon perfusion under room temperature in

kidney.
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Fig. 1. Preservation of rabbit kidney 1.
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Table 2. Composition of perfusate.

Component /L
NacCl 93mmolQd
Na-lactate 27mmold
KH,PO, 4mmolO
MgSO,0 7H,0 3mmolO
Glucose 11mmold
Amino-acid 0.75g0
HEPES] bufferd 25mmol0d
Allopurinol ImmolO
PEG-SOD 5mg0
Adenosine 5mmolC
Dexamethasone 8mgQ
Insulin 50U
Fosfomycin sodium 0.66mmolJ
Hydroxyethyl starch] HESO 3090
FC-43 309

pHO 7.400 O OO NaO 140-150mEg/L O
KO 4mEg/LO0 0 ClIO 93mEg/L O
Osmolarityd 0 320mOsm/L
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Fig. 2. Preservation of rabbit kidney 2.
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Table 4. Result of survival time in xenogenic heart transplantation.

oo n googo oboo p value
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Fig. 7. Histology of xenogenic heart transplantation.
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Virus Inactivation: Current Status and Subject
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Abstract

Although the risk of virus infection via blood transfusion has been remarkably decreased due to the introduction of a nucleic
acid amplification test, the risk of virus transmission still exists. The residual risk is caused by 1[0a window period of virus
infection, 20 viruses, protozoa and parasites excluded from current screening test and 30 pathogens newly spread in human.
Thus, it is difficult to prevent post-transfusion infection only by screening test.

Pathogen inactivation methods have been developing and adopted as one of the way to increase the safety of blood products.
Methylene blue photosensitizing and solvent/detergent methods for plasma are already established and in use in some
countries. Recently, photochemical compound S-59 plus UVA irradiation method for platelets has been approved in Europe.
Other methods are still investigated for plasma, platelets or red cell components. In this review, we outline the mechanisms,
effects and status of introduction or development of these methods. In addition, we refer to the method of virus removal and
inactivation in hemoglobin solution as a source of artificial oxygen carriers.

Keywords
post-transfusion infection, virus screening test, pathogen inactivation methods, artificial oxygen carriers.
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Table 1. Screening tests regarding infectious agents.[J Oct., 20040

Test issue Methods
Syphilis Antibody
HBV Antigen, Antibody, NAT
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Liver functionl ALTO O | Enzyme activity
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Table 2. Pathogen inactivation methods and blood components.

0 Oct,, 20040
Compound Developer Principle | Blood component| Status
Solvent/Detergent| Octapharma |Physicochemical| Plasma |Inthe market
Macopharmall
Methylene blue Baxter(] |Photosensitization| Plasma |Inthe market
Grifols
PlateletT |In the market(!
S-59 Cerus/Baxter | Photochemical
Plasma |Phase O [
PlateletD |PhaseC/O[
Riboflavin Navigant  |Photosensitization| Plasmal] |Pre-clinicall’
Red cell |Pre-clinical
Tionine German Red Cross | Photosensitization| ~ Platelet | Pre-clinical
Inactine Vitex Physicochemical| Red cell |Phase O [J
Dimeth;k/)llnl]sthylene ]American Red Cross|Photosensitization| Red cell  |Pre-clinical
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Table 3. Current measures for plasma safety.C] Oct., 20040

Country Measures for plasma safety
Austria S/D
Italy MB, S/D
United Kingdom MB, S/D
Netherlands Quarantine
Greece MB
Switzerland S/D, Quarantine
Spain MB, Quarantine
Denmark S/D, Quarantine
Germany S/D, Quarantine
France S/D, Quarantine
Belgium MB
Portugal S/ID

Quarantine: Donated plasma is frozen and stored for 6 months. Based on
the confirmation that the donor is negative for virus markers on 6
month after first donation, the plasma can be supplied for clinical use.
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Abstract

Liposomes, firstly discovered by Bangham et al. in England, have rapidly developed for 40 years. Practical utilities of liposomes
are studied widely in any fields of fundamental and applied biosciences, especially are focused as new method of drug
administration and application for drug delivery system. Many liposomal drugs are approved or in clinical trials.

Liposomes have high biocompatibilities because phospholipids which are ingredients of liposomes are main components of
biomembrane. Liposomes are ideal as capsules of drugs since liposomes can be prepared easily in agueous phase and
encapsulate any molecules including macromolecules.

The first-generation liposomes, however, are known to be trapped in reticuloendothelial system$] RESOsuch as liver and spleen,
and poorly accumulate to the target tissue because they are non-specifically recognized as foreigners in a body. To overcome
these defects, liposomes modified with polyethylene glycol or saccharides have been developed. Liposomes modified with these
molecules have long-circulating characteristics by avoiding the RES trapping and these liposomes passively accumulate in target
lesion. Furthermore, the third-generation liposomes modified with antibodies or low-molecular probes to deliver agents to
targeted tissue or cells are studied actively. In this review, we describe the latest liposomal drugs with focus on targeting
cancer therapy.

01000000000000000D00000000D0OO422-8526 00000000521 Department of Medical Biochemistry, School of
Pharmaceutical Sciences, University of Shizuoka, 52-1, Yada, Shizuoka, Shizuoka, 422-8526, Japan

J20000000000000000000000000O0DO0DO676-0074 DOO0DDOODOOOS5-1-1 Fine Chemicals Laboratory, Fine
Chemicals Division, Nippon Fine Chemical Co., Ltd. 5-1-1, Umei, Takasago, Hyogo, 676-0074, Japan

0300000000000 000000000D0O0O0O00000103-0000 ODODOOOODOUOUOOOO49 Fine Chemicals business
department, Fine Chemicals Division, Nippon Fine Chemical Co,, Ltd. 4-9, Kodenma-cho, Nihonbashi, Chuo-ku, Tokyo, 103-0001, Japan
0000 20040 11030000000 20000000

114 0000 Vol 12, No.4, 2004



Keywords

Anti-tumor therapy, Long-circulating liposome, Conjugation with targeting probe, Conjugation methods, Encapsulation methods

oo
goooooooooooobbbobbobbbbbbooo
oooooOooU0oDOopDOo0ooOooUooUooUOoDoooon
0000ooooooooooooOoUoOoooooooooo
goooobobbobbbboboooooodooouoga
0o0o0ooooooooboboooooooooooooood
oooo
00o0000ooooooooooooooooooooo
gooooooobbobbobbbb oo ooogod
gooooOopoOoOoOoOoOoOoOoOoOoOOODOUOOOUODDOo
00000oooooooooooUoUoooooooDpoooo
dd0o0d0oooUoooo'"™mooUooooooooooo
0ooooooobobobbobbooooooooooogd
00o000ooooooooooooUooooooooooo
0o0ooooooooooooooooog
goooooooooooobobbobbobbbbbbooo
0o0o0ooooooooooooOoooooooooooo
000000019650 000000Banghamd* 000000
goooobobbbbobbbboboooooooooggd
0oooooooobobobbooboooooooooooogad
00000oooooooooooOoOoUoooooooDooooo
00000ooooooooooooOoUoooooooDooooo
gooodoooogd
Oo0ooooooooooooooooooooooooo
0o0o00ooooooooooooOoUoooooooDpoooo
goooobobbbbobbbbobooooooouooga
ogoooooooobbobbooooooodooooogad
Oo0o0oooopPeEGODOCOOOOOOOOOOODODOOO
0000000000 oO0*™®00000000o00ooooon
O00Do0o0Oo0obOoOoooooPEGODOOODOOOODODOOO
0000000000000000000°%™
O0o0000ooooooooooooooooooooo
goooobobbbbobbbbobooooooooooga
0ooooooooboobbobbooooooooooogod
oooOoooooOoloo08oo nmIOOOOOOOOOOO
oopoooooeod150 nmOOOOOOOOODOOOODOO
00000000000 o00o0oooooooooo
O0o0o0ooooooooboboboboooooodooooogod
000000oooooooOoooOoUoUoooooooDooooo
gl ooooobobobn
oo oooboboobbboobbon
ooopoOoOoOooooooOOoUoOoooooDoDoOooooo
Doxil®/Caelyx®*0O Myocet* 0D O D0 D0OD0OODODOODOOOO
ODauncsome* OO0 O00O0OOD0ODOODODODODODODODOOO
0000000000000 Table 1.1
00o0oooooooooooooooooooooooo

ARTIFICIAL BLOOD Vol. 12, No.4, 2004

coboooooboooboooooooboboobooOoooOoooDn
oooooooboobbooooooboboobbooooooDo
coboodooobooobobooooooboooboooooooonn
coooooboboooobooOobOoOoobOboOoobooOoooon
ooooooooo™

Table 1. Approved liposomal drugs.

Trade nameld Encapsulatedd

0 Approved Tl drugs Developerd Indicationd
o poanon) wza g e
DDa l,Jgn;)S);n;S = Daunorubicin GileadO Kaposi's Sarcomal]
gmgl?:?lanSqE;D Amphotericin BO ~ GileadO Anti-fungall
0 %);?CI;G&DDD Doxorubicin( Elan[D Metastatic breast cancerl

Depocyt®/Depocyte®[]

1'99. US/'01, EUCT] Cytarabinel  SkyePharmalO Lymphomatous meningitisC

Visudyne®d ) Age-related macularQd
0'00, Ustm VerteporfinC) QLT degeneﬂration
DepoDur®0d . .
104, US/Filing, EULT) Morphinell ~ SkyePharihall Pain control after surgeryl
Margibo®0] L -
0 Filing, USCD] Vincristine INEX O Non-Hodgkin's lymphoma

oooboooobooon
goobooobboobbooobooobboooboobo
goboooobboouoobboooobboooboboo
gbobobooooooobooooobooboboboDo
gooooboobobooobooboboobomooobooo
gbobooooobooboboboboomobooooooboo
gbobobobobgoboooobooboooboboboDbo
o0o@obooboboobobooobooboobooobooobooo
gboomoooboobooooboobobooobooobooo
gobooobbooobboobbooobbooobboo
gooobobooboooobooboboo@muoobooooo
goooobooboboobmboobobooobooobooo
gobooobbooobobooobboobobooobboon
gooooooooobobobobobobbobobbooooooooa

goboooobocobooooboOobOOo0oO0ooOdOooooDnn

gobbooobbooobooobboobbooobbon
goboobooobooboobooo
gbooboooboooooooooboobooboboboooon
obobobobobobooooooboooboobobobo
gobboooobboooobbooobbooooboo
OO0DO000000InvitroDODOOODOOOOIN viveD O
gbobobobobooobooooooobooboboboDbo

115



gobooooboooooooooobooooooooooooao
goboooboodoooooooobooooooooooood
goboooboobooooooboooboboooooobooboOoooo
OoooOoooooo®™™

gboobooooooboobooboobbooobo

PEGOOOO0OO0OO0OOCOOOOO0ODOOOOOOODOOODOO
gooobOboooooooooboboOooooooobooooo
PEGOOOOOOOOOOOPEGOOODOOOOOOOOO
O0invivoDOOOOOODODOODOODOOODODOOOD O

coboooooobobooooooboboooooooboooo
gobboooooooboobooobooobcoobboonooooo
gobooobooooooooooboboooooooboooooa
gloozi0ooboooooooooobobocoooooooo
gbobooobooooooooboooboboooooooboooooboa
O000o0oUoooooooooooo*™g

cobodooooobboooooobooboooooooobogo
gobooobooooooobooobobooooooobooboOoooo
gobooobobooooooobboobobooooooobobooooboo
O0O0DO0OO0OO0OO0OHER20O0OHerceptin®t0 000000000
goboooboooooooboooobooooOooobooboOoooo
0000oo0o0oooU0*™MooOoUoooOooooooooo
goboooboodoooooooobooooooooboooood
DNAOOOO®OOODOOO0ODOOOODOODOO*ooooo
00ooO0ooOoo*®0o0o0ooUooooooouooooo
gooboooooooono

gbobobooooobobobobooooon
ooboooooooboboooooobooboooooooboobogoon
00000000000000®" 0000000000000
boboboobooooooooboooooboooboooooOooa
ooboooobooooooooooboobooboooooooooboao
gobooobooooooobooobobooooooooooboobog
gboboooboooooooooobooooooooboooooa
uobooobooooooooOoooboboOooooooOoooooo
goboooboooooooobooobboooooooboobooooboa
ooboooooog
cobodoooooboboooooobooOopPEGOOOOO
oboooboobooooooobooobobooboooooooooboo
gooooobooobooooooooobooobooonog
oY Oo00000000o000o0o0ooo0ooUooo
obooobooOoooooOooopPEGOOOOOOOODOOO
ooboooboooooboooooooobooboooboooooooo
gobooboooooobooboboooooopPEGODOO
0000000000000 O0o0oo0ooooo®™uooo
goboooboocoopeGOOO0OOOOOOOOODOOOOOO
gboboboooo peGDOOOO0OOOODODODOODO
O0o00o0o0o0o0o0oooooooo®*»o0on
goboooopeGOOO0OOO0OODOOCOOOOOODOOODOCOO

116

OO00000DOOoO0OooOO0O0oOOoOoPEGODOOOODOOODO
O000000000000PDPO-PEG* 00 00O OHZO -
PEG*00000ODOOMalO-PEG® 0000 Fig. 1.0 PDP-
PEGO Mal-PEGO 00 00COOO0O0O0U0ODOOODODOOOOO
0000ooooooobobboboboboOboOD0oD0OPDP-PEGOO0O
00000 O succinimidyl-49 p-maleimidophenyllbutyrate
osMPBID ODOOOUOUOOOOOOUOOODOOOOUOODOOO
OO000OO0ODOODODOgPDP-PEGOODOO0OOMal-PEGO O
OO00o00DoO00oOTrautDOOOOOOODOOODOOOO
PEGDUIO0O0ODOOCOCCOOOO0O0OU0ODODOODODOOCOOO
00oOoo00oooooooooooooooooooooo
godoooooooooobbbbbbbbobooooo
oooooooooooooooooooogoooooooo
OOPEGUUUUOOODODODOOOCOOUOOUOOUOOOODODOO
000000oooooooooooooooooooooo
gooooooooooooooooooooooooooo
ooooo

a1 PDP-PEG method

-|5—||:|n__:j-h|n—||:.-|__-_n'. :ﬂl—hl I—FE—O

¢ Aeba 3] |
o - o a
B 1T P T 4T -E—'-I-I—Dho

by Hz-FEG methoxd

o P
I""'-_,—-":. b = M .'H—E—I:H -ﬂH—IE—n—;II'.h.I o ~E—-FF
Ch S i i Sl

— (5] 9
o B .q--&-ﬂu—nﬂ:—o

) Mal-PEG method

"'__'_\_"'H. .

)
: —£H b
'H___-' = ._m_r_-i-uq- o T | ~Bh—P -
Thiniaisd mmibcdy

]

T £ 3 "
l%- WH 4~ =R ) -&—rrhlt-o

Fig. 10 Methods for antibody coupling to PEG-modified liposome.
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containing amino group.
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Abstract

The aim of the present study was to examine whether an artificial oxygen-carrier Neo Red CellJ NRCI] liposome-encapsulated
hemoglobin, could ameliorate the post-ischemic cerebral dysfunction in rats. Hippocampal long-term potentiatiorid LTPOand fear-
related behavior were evaluated as a measure of cerebral function in an incomplete global ischemic model, 2-vessel occlusion
0 2VO0Orats. 2VO produced a delayed LTP impairment in the perforant path-dentate dyrus synapses 4 days$] Day 4[lafter
ischemic insult, accompanied with a concomitant enhancement of fear-related behavior freezing in the contextual fear
conditioning test. NRQJ 150mg/kg, i.v.Otreated during a 10-min occlusion tended to restore LTP formation on Day 4. Together,
fear-related freezing behavior in NRC-treated 2VO rats was comparable to that in sham-operated rats, suggesting that NRC
treatment normalized 2VO-induced anxiogenic property. These findings provide evidence that NRC may have therapeutic
potential for reducing the risk of ischemic complications and be a candidate for oxygen therapeutics.
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Fig. 1. Experimental protocol.
VAO: vertebral artery occlusion; CAO: carotid artery occlusion;
CFC: contextual fear conditioning; FS: footshock.
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Fig. 2. Changes in the open field performance in 2VO rats.

Open field performance was evaluated for a 30-min period on
day 4 or day 7 after transient ischemid] 10 min[J]

0 AlChanges in horizontal activity, ambulation, evaluated every
5 min.
Each point indicates the group mean of 3-8 rats.

0 BOSpecimen tracings showing behavioral patterns in the open
field. Upper panel: Sham-operated rat; Lower panel: 2VO rat
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Fig. 3. Footshock intensity dependent freezing behavior in the

contextual fear conditioning test and 2VO-induced effects.

O AOTime course changes in freezing behavior evaluated every
5 min in 2VO rats.
Rats were stimulated with 0.3 mA footshock. Each point
indicates the group mean + SEM of 6-8 rats.

0 BOEffects of footshock intensity on freezing behavior.
Rats were stimulated with 0.3 mA or 05 mA footshock. Each
bar indicates the 0-10 min mean of 6-8 rats.
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Fig. 4. Effects of 2VO and 4VO on freezing behavior in the contextual

fear conditioning test.

O AOTime course changes in freezing behavior evaluated every
5 min in 4VO rats.
Each point indicates the group mean + SEM of 3-8 rats.
Rats were stimulated with 0.3 mA footshock. Each point
indicates the group mean + SEM. of 6-8 rats.

0 BOSummarized results showing the effects of 2VO and 4VO on
freezing behavior.
Each bar indicates the 0-10 min mean of 3-8 rats. Rats were
stimulated with 0.3 mA footshock. *p<0.05 vs VAQ] vertebral
artery occlutionOrats.
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Fig. 5. Effects of NRC on 2VO-induced freezing behavior in the
contextual fear conditioning test.

O AOTime course changes and] BOthe mean responsé] 0-10 minQ
in freezing behavior evaluated every 5 min in sham-operated
rats and 2VO rats treated with/without NRC.

NRC was injected during sham-operation or ischemia via tail
vein at a dose of 150 mg/kg. Rats were stimulated with 0.3 mA
footshock. Each value indicates the mean + SEM of 3-8 rats.

#p<0.05 vs vehicle-treated 2VO rats.
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O AOTime course changes in LTP formation evaluated every 5
min in sham-operated rats and 2VO rats treated with/without
NRC.

O BOSpecimen recordings obtained from vehicle-treated (upper)
and NRC-treated (lower) 2VO rats.
LTP was recorded in the perforant path-dentate gyrus
synapses of the hippocampus. NRC was injected during a 10-
mun ischemia via tail vein at a dose of 150 mg/kg. Each value
indicates the mean + SEM of 6-8 rats.
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