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Virus Photoinactivation of Stroma-free Hemoglobin
by 1,9-Dimethylmethylene Blue

F E—, BUER SRR, RO, MWW AT, WHE AR
Junichi Hirayama, Hideki Abe, Hiroshi Azuma, Kenji Ikebuchi*, Hisami Ikeda

EHRTE ]

1,9-Dimethylmethylene blue (DMMB) iZ & % Stroma-free hemoglobin (SFH) & o7k 0 4% ™7 4 )V 2 (vesicular stomatitis
virus, VSV) DOXAiEL24T-72. DMMB (1xM) 778 FTSFHICx# LA (655nm) FBEF (1.71]/cm?) #4iF-72& 2 AVSV
136.4log, o ANiEAIL L 72, Methylene blue (MB) # v TREHRD EBR %475 L VSVORHEILIIRIZIZ 2 212D - 72, DMMBIC &
NVSV#6.4log o MBEILL72ER, ~EZ7 DA MEEREBRFEARICERL LI L 72, 2 b DERIE, DMMBXAE
BB IINE 7oV ICEBEERZ S 2T WERZRLTWS,

655nmiRET DA & (3R ), 580nmBBETTIZIVSV 2 b3 401 . 2log o MEAL L 727517 T A MERIZE B2 LR H - 72, 580nmR
FHIZREMAEODMMB% #E L, 655nmEgH I RARNADMMBEFIRES 5. T H6DFERIZ, BEEDDMMBAY A ~E /ol >
~NOBEL LICHRIJICIANZAZARAELTEI2HEEZRLTWAS,

DMMBIZ & 3 7 4 W ZAREIC BT BiEMEBREDOBES 12O\ T, EHEEBE D quencher®enhancer ¥ iV THRET 217 - 72, HEH
DMMB, —E#DMMBW3NNFATY, sodium azide (—EIHFE Dquencher) 2L ) 7 4 )V A RFELAIBEERGFIICIEE X
I, (—EBEBEORTLZIERT 5)D.00FHMIC L D 7 AN ZANELHMEE I L2, TS DRI, BEADMMB, —&{4DMMB
WTNDFATYH, VA NVAREICE—EEHREEIBES LW A3ELZRLTW S,

SFHHHIEELHE 123t 2 DMMBANE LB OB D W THRET 247 - 72, VSV 26log o AMEILT 5 &4 Tl3, GR (V¥ +
FoVvF 78— 3TT%RELIZLDD, SOD (R—2¥%—FF L FPRLZ—%), CAT (#%5—%), GPX (L ¥ FF >~
NAXLF—%), GSH GEILEI N2 FF ) FiEMEZHRE LS 37557, L EoiERIZ, DMMBAE{LLERL L SFHGb o) 2
== XU FEBRBIKRERZHET ABEELIIITIHGFE L TV EEERL TR S,

DMMBIZ & 5 7 4 WV ZARNELRERIZ, ~NEZ 0BV ITEHER G I WIS TR DL RICHEEL RITE vz, SFHO
A NZAARE L E LTERTW S,

Abstract

Photoinactivation of vesicular stomatitis virus (VSV) in stroma-free hemoglobin (SFH) was carried out with 1,9-dimethylmethylene blue
(DMMB): 6.4 log,, of VSV was inactivated by 1uM DMMB and 1.7 J/cm? irradiation at 655 nm. VSV was more sensitive to inactivation by
655 nm light with 1xM DMMB than the same concentration of methylene blue. Under conditions which inactivated 6 log;, of VSV, the
methemoglobin content (Met-Hb [%])and Py, (50% saturated oxygen pressure) of hemoglobin (Hb) were not changed by 1M DMMB
phototreatment. These results indicate that the virucidal phototreatment with DMMB does not damage Hb.

In contrast to the results obtained with DMMB at 655 nm, irradiation of SFH with DMMB at 580 nm resulted in a significant increase of Met-Hb
(%) under conditions which only inactivated 1.2 log,, VSV. Irradiation at 580 nm primarily activates the dimer of the dyes, while irradiation
at 655 nm primarily activates the monomer. These results indicate that, compared with the dimer, the monomer of DMMB can effectively
inactivate viruses without damaging Hb.

The involvement of reactive oxygen species (ROS) in virus inactivation by DMMB phototreatment in SFH was investigated with the use of
quenchers and enhancer. Virus (R17 bacteriophage) photoinactivation by either activated monomer or dimer DMMB was suppressed by sodium

azide (singlet oxygen quencher) and promoted by the substitution of H,O for deuterium oxide (D,0), which is known to prolong the lifespan

gk HFiligt > 82—, T063-0002 ALRHAEXILAOF 242 TH Hokkaido Red Cross Blood Center, Yamanote 2-2, Nishi-ku, Sapporo 063-
0002, *HIEEFLKZE  *Tokyo Medical University, 6-1-1, Shinjuku, Shinjuku-ku, Tokyo 160-8402
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of singlet oxygen. These results suggest that virus photoinactivation by the activated monomer and dimer of DMMB proceed via a singlet oxygen
mediated pathway.

The effect of virus inactivation by DMMB phototreatment on the activities of antioxidant systems of SFH was studied. Under conditions which
inactivated VSV by 6log,,, there was little change in the concentration of reduced glutathione (GSH), superoxide dismutase (SOD), catalase
(CAT), or glutathione peroxidase (GPX) activities. However, the activity of glutathione reductase (GR) was decreased by 77%. These results
suggest that virucidal DMMB treatment almost preserves antioxidant systems against superoxide and hydrogen peroxide.

DMMB phototreatment is a promising method for the sterilization of SFH, since it maintains not only the oxidative state of Hb but also

antioxiant systems under virucidal conditions.
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antioxidant, blood substitute, dimethylmethylene blue, hemoglobin, reactive oxygen species, virus inactivation,
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Fig.1 The chemical structure of MB and DMMB
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RERTIE, VANV ARNEHRICH LR EN L ET

L7 AV AT H bvesicular stomatitis virus (VSV, sk##E 0
PRZANR) 2R L2, 740 2B Verodila (L
BHK) FHCWTIS =T v AEICE VML (K2)W9,
1 MHODMMB# &4 3 5SFH (7.67g/dL, #%J% 1 mm) 12kt
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VSV inactivation (log,,)

15
655nm Irradiation (J/cm 2)
Fig.2 Virus photoinactivation by MB or DMMB

n=3
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VSV %#) 6 logio NEILT DHRET, NEZTREC~DEER
F~t2k 25, DMMBOBATIE 4 MERRBEMARICHE
EAIR ML -7 (1), MBOBAREXICHERIRE
fbL72 (1), Kk (11.4]/cm?) DA TIEA ML 5
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BEHFTANZADOBRICETTE0THSL ) LHEMENS,

Table 1 Virus inactivation and effect on Hb by phototreatment with MB or DMMB

Dye (M) 655nm lrr. (Jlem?2) VSV Inac. (logyq) Met-Hb (%) Pso (mmHg)
MB
1 0 [¢] 1.27:0.17 10.67+0.31
1 11.40 5.61£0.97 4.49+0.56 9.30x0.47
OMMB
1 (4] 0 1.30+0.19 10.5020.35
1.7 6.4310.69 1.40£0.16 9.83+0.47
n=3
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nm, 0.69)J/cm?) ZHEtL7z& A, VSVIE3. 3log,, AiEfkL
721 8] LDose THIVAORIEL 21T > 72 & 2 A, 3.7log o LI EAR
FALL 7219, s DRI, HIVODMMBYEATELRLEE 12 3
T HEZEEIVSVOZENERIELULTHEELRLT WS,
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BEAHDMMBIZ, A &M (Amax :580nm) 2 _EHFED
DMMBIC#Y4 T2 (X13). DMMBARIEE % & T HEED,
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BT, BEETAEZ/ 0y ~OBEOEWTH LY
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Fig.3 The absorption spectrum of DMMB.

Dashed line, 1 «M DMMB (0-0.05 OD scale);
Solid line, 154 M DMMB (0-0.5 OD scale).
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Fig.4 Effect of additives on virus inactivation by DMMB phototreatment

A) 1.9J/em2 (655nm), DMMB 0.1 M, Virus 10014 + PBS 9001 L containing sodium azide
B) 1.9J/cm2 (655nm), DMMB 0.04 M, Virus 100uL + PBS or D,0 900uL

C) 0.29J/cm?2 (580nm), DMMB 1M, Virus 100uL + PBS 900 L containing sodium azide
D) 0.15J/cm2 (580nm), DMMB 0.5 M, Virus 100 L + PBS or D,0 900uL

n=3~5
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Fig.5 An antioxidation system in red cell

SOD,superoxide dismutase: CAT, catalase: GPX, glutathione peroxidase: GR,
glutathione reductase: GSH, reduced glutathione: GSSG, oxidized glutathione.

L72(F2)'®. VSV%6log, AT 254 TI3, GR(ZLv ¥
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Table 2 Effect on antioxidants by DMMB phototreatment

No lrradiation 1.4 J/cm2 at 655nm

(% Control)

VSV Inactivation (1og4o) 0 6.10 £ 0.27

SOD (U/mgHb) 1.47 £0.02 1.46 0.11
(99.3%)

CAT (U/mgHb) 140.5+3.8 137.1£29
(97.6%)

GPX (U/gHb) 19.48 + 0.65 18.52 + 0.59
(95.1%)

GR (U/gHb) 0.90 + 0.04 0.20 +0.03
(22.7%)

GSH (mM) 14.34 £ 0.07 13.88 £ 0.22
(96.8%)

DMMB 2.uM, n=4
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Application of Serum Albumin to Drug Delivery System
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ST ER

EMMFET TS (HSA) 3, et AfEats, Ao id i B8EICEA TY 5720, BT ICRHEL D 2 Y
DES w773 =2 2724 (DDS) I2BWTHFF Lunifk: LTMEMIT SN T3, wETIE, EHNAZL L AT MM
HICBWTHTIT I DDSHIGHEN TV 5, ROV A XL 2REMI S —57 T 1+ v 71T, BRRAEKDLBE TH 2058,
R7F FEHSAICHRIMT 52 L2 ), MApEBUHREZTTEIBES -7 74 7352 L RETH S, M T, ABEE
R7F FEHSAZEEFLVARATHEEL, VI EF Y AL Ty FERELTRREEITL T I VAN ORI N TR 2,

Abstract

Human serum albumin (HSA) is an attractive macromolecular carrier for the delivery of drugs which exhibit imperfect pharmacokinetics
properties, due to its availability in pure form and its biodegradability, nontoxicity and nonimmunogenicity. Recently, albumin-DDS has also
been applied in the field of artificial blood substitutes. In addition to passive targeting by size-controlled albumin microparticles, active delivery
of drug can be achieved by the introduction of charge, sugar and peptide moieties to HSA as homing devices to gain access to target cell.
Furthermore, albumin fusion technology have been developed to improve the retention of therapeutic biologically active proteins in blood. This
technology consists of fusing the gene of albumin with the gene of a therapeutic biologically active protein, in order to produce the albumin fusion

protein, using a suitable expression system.

Keywords

Human serum albumin, drug delivery system, blood substitutes, albumin fusion technology, microparticules
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Figure 1. Evolution of the plasma concentrations of sCD4, rHSA,
and HSA-CD4 in rabbits. A, sCD4; [, HSA-CD4; @,
rHSA. (from Ref. 13)
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Figure 2. The process of fibrosis envisioned as a vicious circle.
Different stages of the disease provide the opportunity for
pharmacotherapeutical interventions. Dexamethason con-
jugated to HSA (deta-HSA) or to mannoseHSA (dexa-
ManHSA), and naproxen conjugated HSA are aimed at
different stages of the inflammatory process, whereas M6P-
HSA and albumins modified receptor recognizing peptides
(rrp-HSA) are aimed at the myofibroblasts to target antifi-
brotic drugs. (from Ref. 29)
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Figure 3. Aggregation of rGPIba-AMS in the presence of vWf by the
addition of ristocetin detected by PA-100. rGPlba-AMS
([rGPIbe] =4.0yg/mL,[HSA] =1.0mg/mL] was first
mixed with 50gg/mL vWf and 1.0mg/mL ristocetn was
added thereafter (a). Aggregation of rGPlba-AMS under
the above conditions was inhibited by 50 g/mL GUR20-5
(b). Platelet aggregation by rGPIba-AMS with ristocetin
was monitored by PA-100. PPP at low platelet counts
(4.0) X107/mL) was mixed with rGPIbg-AMS
([GPIba]=0.27ug/mL, [HSA]=150ug/mL] (c), or con-
trol AMS (d) and 1.5mg/mL risocetin was then added to
the mixture. Platelet aggregation was strongly induced by
ristocetin in the presence of rGPIba-AMS. (from Ref. 25)
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Present Status and Usefulness of Bloodless
Medicine and Surgery Programs
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Abstract

A great effort has been made to improve the safety of blood. However, it is challenging to ensure risk-free blood transfusions. The cost as well
as sufficient supply are other considerations. This has led to an increasing awareness of the need to develop additional blood substitutes and to
promote medicine and surgery without using allogeneic blood. There are about 200 hospitals in the world, including four in Japan, that facilitate
a bloodless medicine and surgery program and publicize it. What is a bloodless medicine and surgery program? What prompted this program
to be developed? The usefulness and role of this program in the 21st century, including the medical, ethical and financial aspects along with legal
considerations will be discussed. If safe and effective blood substitutes are developed further, no doubt it will greatly contribute to the progress

of medicine including management of emergencies.

Keywords
Bloodless Medicine and Surgery Program, Jehovah’s Witnesses
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