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Table 1 Regulation temperatures during storage and transportation of red blood cell products

in countries including Japan

Storage Transportation
Japan? 2 to 6T 2 to 6C*V
USAP 1to6C <10C*?
Canada® 1to6C <10C, 24 hr
Europe? 2 to 6 *d <10C, 24 hr

UK®: <10C, 12 hr

4 Minimum Requirements for Biological Products

b American Association of Blood Banks. Standards for blood banks and transfusion services 29th edition
9 Canadian Blood Services. Clinical guide to transfusion, Chapter 2: Blood Components.

9 Guide to the preparation, use and quality assurance of blood components. 18th edition
©) Guidelines for the blood transfusion services in the United Kingdom. 8th ed. London
*1) Components are transported in validated shipping containers at 2 to 6.

*2) The transportation is not time-bound.

*3Tn the UK, exceptionally, it is allowed that the core temperature may extend from 1 to 10C, providing
that this deviation has happened on one occasion only, and that the duration is no longer than five hours.

Data logger

Fig. 1 Temperature measurements
The core temperature was measured by inserting the
probe of the data logger into the approximate center of
the bag.

ratories, Inc.) & IR 53-8/ » 7 (200m! : KBP-200C,
400mI : KBP-400C, Kawasumi Laboratories, Inc.) {Z#
130mI (ACD-A-1) %7213#9 280mI (ACD-A-2) #¥l
UCHER L 7o Bl N » 72, T — s a b —
(BA L L) TR-81, T&D Corporation) ®+ >~ (TR-
8120, T &D Corporation) # 8 Y £} 137z (Fig. 1). ACD-
A-1 BX U ACD-A-2 1%, 2~6TC THIH%, 10C 721
28C ICikE &N A v F 2 X— % — (CN-25C, Mitsub-
ishi Electric Engineering Co., Ltd.) |2 & L 7=, B
WO MNRIREE X, 5 73R T 5 KRl L7z, mEER
13456 T 72,

51 2. Ir-RBC-LR DREZE1L

1. Ir-RBC-LR ® 10T W#

AERICIZERINE 3 H Ho ABO [H# Ir-RBC-LR2 (3%
M 2 HBIHRGHRES) %2 28y ZHEL, MR

B N 77 (KBP-1000C, Kawasumi Laboratories, Inc.)
T = VBLCRMLZ. 7=V L7 Ir-RBCLR 3,
M3 558k 2N » 77 (KBP-200C, Kawasumi Laboratories,
Inc.) 245U, 1HAAMHY (B 130ml) &% 5 X9
2% L7z (Fig. 2(a)). 4C 47 ® Ir-RBC-LR % 10T
WCHREBE L, MEAC IR L TR LB ia R 5 7-0,
AN TDH B 2Ny 7%, FRENRAA 9 HH (unit
2) FIMAE16 HH (unit4) 12 10C T 24 KEREE
L, HEAC TR L. YD 28y 7 (unit 1 B &
U3)iE, ThFhunit2 BEI 4 0xEE L, fkiL
TA4CT THRAF L7z, Unitl B X2 OMRIE, 743,
9, 10, 16, 21 B X128 HHIZERIL L 7=. Unit3 B X
W4 okiE, A3, 9, 16, 17, 21 BX 28 HH
WCERINL 720 10C BEFEOMGENIZF 72 b a— v T6
o] S L 7.

2. Ir-RBC-LR @ 28C W%

BRI IE R 3 H Ho ABO [H#! Ir-RBC-LR2 ($%
M 1 F7213 2 H HISHOSIRG) 2 35y ZHEL,
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Inc)IZ 7= VB ICRML. 7=V L7 Ir-RBC-LR
&, M s EE N > 77 (KBP-200C, Kawasumi Laborato-
ries, Inc.) 26 43H L, 1 HAAHY (8 130ml) L% 5
IO L (Fig.2 (b). 4T ##F ® Ir-RBC-LR
% 28C ICHEE L, EAC IR L TIRE L8 % A
H720I2,6 2Ny T DHH 48y ZIEIHAE10 A HIZ 28T
TENZN30% (unit2), 1K (unit3), 2K
(unit4) B X O 3B (unith) BEFE L, THE 4C 1R
L7z 1INy ZI3BF1I0 HEB LN 14 HHIC 28T
TENZN ] RS L7z (unit6). 128y Zidxbii &
L, #&6ELT4C THRAFLZ (unitl). Bk, B#RE
3, 7, 10, 14, 21 BX 28 HHICERHLL 7z, 28T W
FOWEHIIF 7T b a— T 6 %L 7.



750 Japanese Journal of Transfusion and Cell Therapy, Vol. 63. No. 6

(a) Exposure of red blood cells to 10 °C
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Fig. 2 Experimental design

(a) Two units of red blood cell components from 400 m! of whole blood donation were pooled and split into 4 units (130 ml/unit)
3 days after the donation and stored at 4C. Units #1 and #3 were negative controls for #2 and #4, respectively. Units #2 and
#4 were exposed to 10C for 24 hours on days 9 and 16, respectively. Samples were taken on days 3, 9, 10, 16, 21 and 28 from
units #1 and #2. From units #3 and #4, samples were taken on days 3, 9, 16, 17, 21 and 28 for analyses of red blood cell quality.
(b) Three units of red blood cell components from 400 m!/ of whole blood donation were pooled and split into 6 units (130 ml/
unit) 3 days after the donation and stored at 4°C. Unit #1 was a negative control. Units #2, #3, #4 and #5 were exposed to 28C
for 30 min, 1 hour, 2 hours and 3 hours on day 10, respectively. Unit #6 was exposed to 28C for 1 hour on days 10 and 14.
Samples were taken on days 3, 7, 10, 14, 21 and 28 for analyses of red blood cell quality.

3. KRN T A —F — DYl PR\ GO 2 Bk & LT, EWFEicll
pH X, &' AP - X S HE MK Y A - Y EL7 23-VUKRAKZ YY) V(23-DPG)IEREIX, 2.3-
7M1 (cobas b 221, Roche Diagnostics K. K) 12 & - DPG 7 A b [RDJ(Roche Diagnostics K. K.) % T

THUEL. 757 ¥ v5-=Y vl (ATP) #%EE, g cllsg L7-.
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Fig. 3 Morphology of red blood cells
Individual cells in (a)-(d) show the various stages of morphological change that red blood cells undergo during storage, named
discocyte, echinocyte I, echinocyte II and spherocyte, respectively. The morphology score of a total of one hundred red blood
cells was calculated by multiplying the number of discocytes by 3, echinocyte Is by 2, echinocyte IIs by 1 and spherocytes by 0

and then adding them together.
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Fig. 4 Temperature profiles
ACD-A-1 and -2 corresponding to Ir-RBC-LR-1 and -2, respectively, were been exposed to 10T (a) or 28C (b) for 300 min.

Data are represented as mean, n=6.

Ir-RBC-LR »—ifi&, 5.0 (3,000 rpm, 1045, 47C)
L, hkiEsRIE, R, FZEfhcs.ol, SRRLz
WEMKE Lz, REFoANEZOE Y (Hb) BEIR
Leuco crystal violet Z:CHlE L, B2 5 H L7227,
RIMERILRE L, RIMERE 7V & =)V 77 e K THlE
%, JERRET-BMEE (JCM-5700, JEOL Ltd.) * 721
T ¥R B SE (BX53DIC, Olympus Corporation) (2
X o TH#E%2 L 72. Morphology score |3, discocyte & 3,
echinocytel % 2, echinocyte II % 1 3 & UF spherocyte
Z0&L, 100470 oAFHETE L (Fig. 3)2.

4. HEEE

Ir-RBC-LR ® 10C BEE&MEHE, 4C fRAHE L paired
t-test Z VTR L, fabs (P)5% Kz AR E L
7z. Ir-RBC-LR 0 28T BREEMRGETIZ, 4C TRAF &AM
DIZIZDWT, Repeated Measures ANOVA THE
%, Dunnett's test I\, fabas (P) 5% K% A &
L L7:. MEMILBELIZ1Z GraphPad Prism (Version 6.0,
GraphPad Software, Inc, USA) % 7.

B R

1. ERmM&EORIFEE

Ir-RBC-LR %3 10C %7213 28°C IZWEHE & M7= DGR
IEZABICOWT, BURI % VTl 7z, B
WAT10C ICHE#HE s 7z (Fig.4 (a)), ACD-A-11%
30 4T 7.7+12C, 60 4T 87=09C & 7% -7:. ACD-
A-213304T73x12C, 604 T82=11C Loz,
FIRELC, BRI AT 28°C IZHEHE S L7z (Fig. 4(b)),
1 B3 30 4T 152+0.2C, 60 4T 21.1 02T &% o
72,2 Hifi71d 30 47T 120+0.1C, 60 47T 175+0.1C &
Lol

2. Ir-RBC-LR ® 10C BE

Ir-RBC-LR % 10T IZHEFE L, RN 4T 12 L THRAE
L7202 b2 i~z BAE9 HHIZ 10T T 24
BRI RE L 728F (Fig.5 (a)), Li% Hb 2 X OV
i, HEI0HHEIZBWT, unitl GFIE) & 2 o
WCHEAEEARED R o2, unit2 @ ATP i, #
1£ 21 HHIZB W TORFF 3 H H DA (4.8 £ 0.5umol/gHb)
D 80% VLI % MEFF L 72, 2,3-DPG #2112, unit 2 AVEAE
10 H BLLBE, unit 1 1ZJRER LKA T H o 7278, P17 21
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(a) Exposure of red blood cells to 10 °C on Day 9

Japanese Journal of Transfusion and Cell Therapy, Vol. 63. No. 6

(a) Supernatant Hb (b) Hemolysis ) ATP -
Il Unit 1
200.0 1.00 807 deviation
v 3 Unic 2
1500 davl;tmr. 080 P 6.0 *
3 0.604 deviation =] %
T 1000 ® ¥ S a0
g 0.40 5
a0 2.0
00 | i o .
a1 as 3 9 10 16 3 10 16 a1 a8
| 8 Su];?age :nesnod days) Storage period days) Storage period (days)
(d) 2,3-DPG (e) pH () Morphology'
deviation
100 800 - d00
deviation 2 250
49 6.00 g
w200
2
400 £ 150
o
& 100
200 c
5 60
0.00 0 T
a 10 168 a1 a8 3 10 16 21 28 3 a8
Storage period (days) Storage period ays) Storage period (days)
o
(b) Exposure of red blood cells to 10 °C on Day 16
(a) Supernatant Hb (b) Hemolysis (c) ATP
Bl unit 3
2000 1.00 a0
deviation deviation E3 unit 4
0.80 6.0 +
0.60 deviation % T * .
® = 40
0.40 E.
020 &
r 0.00 r
a 9 16 17 a1 an 16 17 3 16 17 a8
Storage period days) Storage period (days) Storage period (days)
t
(d) 2,3-DPG (e) pH () Morphology
deviation
100 2.00 ao00
8.0 & 250 5
. 6.00 H
E 60 R 200
3 deviation 4.00 5 160
g 40 -
a 100
200 H
20 =f 50
0. 0 - o
o3 21 28 s 17 31 28 3 a8

16 17
Btorage period (days) Storage period (days)

Storage period (days)

Fig. 5 Levels of in vitro parameters of Ir-RBC-LR after exposure to 10C for 24 hr: supernatant Hb (a), hemolysis (b), ATP (c), 2,

3-DPG (d), pH (e), and morphology (f).
Data are represented as mean = standard deviation, n=6. T: n=4.

*Comparison of in vitro parameter levels between control and treated units with paired t-test at each point. Significance was

set at p<0.05.
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unit 3 GHIR) (\ZH LAKAE TS - 7278, F£12 1.0umol/
gHb LT CTH o 72, EiF Hb iEE, s, ATP 5,
pH B X UF Morphology score (&, 10C BE##, B 7%
FALD IR LN h o 7.
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Fig. 6 Levels of in vitro parameters of Ir-RBC-LR after exposure to 28°C for specified periods: supernatant Hb (a), hemolysis (b),

ATP (c), 2,3-DPG (d), pH (e), and morphology (f).

Data are represented as mean * standard deviation, n=6. T:n=5. f: n=4.

*Comparison of in vitro parameter levels between control and treated units with Dunnett’s test at each point. Significance was

set at p<0.05.

3. Ir-RBC-LR @ 28C BE

Ir-RBC-LR % 28T IZHE#E L, UM 4T 12 L TRAE
L7z E 2L 2 <72 (Fig. 6). L3 Hb 3,
A0 HEB L 14 HHIZBWT, unit1 GFHER) A3
FNEN228+4.3, 258+33mg/dl TH Y, % 28T B
BRLOMICHEESEZRED R o7, BRI, #
28 HHETWINORED 02% L FTH-o7-. ATP
WL, 28C BEEER, FLWE bzAhLdhhoT:
F72, unit1 i, A2 HEBI O 28 HHIZBWT,
FNFN43+03, 35+02umol/gHb &7 0, £ 28T
BREREE OBICHEEAET AL DL D572, 2,3-DPG L
i, BREFEI0HBEIZBWT, unit2, 3, 4B L5 75
ENEN34+12,32+12 2711 BX T 21£09umol/
gHb &7 1, 28°C 1ZHE# SN R WK L & 722 -
72.pH I, 28C BEEBEIC X B2 F LWE LE AL DL h o
72. Morphology score 1, unit 1 23#4F 28 HHIZB W
T243+4THY, %5 28C BEHLOMICAHELEE A
Loz

z =

AHEE T, Ir-RBC-LR 23 RAFEIE O HEBIS M — ik
WIMREE 5 72, 2 ORI & R AR LRSI
52 5B ERE L.

Ir-RBC-LR &4 9 HH 7213 16 HHIZ, 10T T 24
REMIBE L, AC ICHRE SN2, Rk,
ATP R X ORIMERTEEIITR E B e 5.2 2w
#2567 (Fig.5). RBC @ 13T, 24 BERuE#H %
5 AV RO IS oW TRET L7281, &4
DOMGEHCHART, BE LR < BED 20,
RBC O SWEHK Tix %> 72,

WD A4 54 22991k, RBCIZBWT, “30
V=" BB ERT WS, AKFETIE, RBC %2 Fiilf
FHT 305U EFIICE {6, 2~6C TRIFT 5 2
Lrsna®,. “3045V—N" 1%, Pick b7 OMEDE
KL ENDD, TOMETEEMESHLNTED,
ARIMERD i B MBI B T 2 EHE ST v e,
ARETTIE, RBC 2R A HHL) &, SEHICHE
BEINTREZEE LT, M,y y ZHEBREB X Ok
MmERWE 27z b, £l BEFz7306E
BUfF SR % e gD TH 5 28T & L7z

Ir-RBC-LR ®fLH & L7z ACD-A-2 (# 280m!) 3 X
OF ACD-A-1(#7 130m1) % 28C |ZHEFE L 721, Mg N v
ZERIREE X, 30 5 CTENER 120+0.1T B L1152
£02C &% -7 (Fig.4). RBC (#300ml) % itz
WEFE L 7-HE, 30 00X 11.6C~11.8C TH o7z
DL & 5, Ir-RBC-LR 3 &ML A S IM4E Dk
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o2 B &, RMERRAARRIMS N, 72, W
ERIREZAIE Ir-RBC-LR ORRICE 5o THRR L7280,
Pick 5234 2 v TREGT L, $208 L 72 30 70V — v
i, BRRICEERLZwERDbN S,

Ir-RBCLR 247 10 HHH A2 WIEHRAF 10 HH & 14
A HIC 28C CTHEH L 7B RIMERSEIC DWW T, Ir-
RBC-LR % 28C T 3 WpfllgeEE L7-3%64, H 5 \»1& 28T
T 1RFHEEEZ 2 D R L2 A TYH, RO
Mm=RIEPRAFE 28 H H F CTRRMNIL#E (0.8% LLTF)® % im 72
LTHEY, ATP iEIIMAF 28 HH F THRAL NIV (23
umol/gHb)® LA k- % #i¥ L 7. Morphology score & 4C
PRAFRE L % 28 BRBIE L OMICH EEI 572,23
DPG i1, 28C BE# ORISR 2 51T LAl E 72>
7273, 2,3-DPG L OVl zICmiEd 5 & Shp?,
PiloZ &6, Ir-RBC-LR 25 28C T 3 WMEHED 2
Wi 28C T 1 RFREEE & 2 [ D RS o TH UL,
BAOHBIVRwEE 2 57 (Fig.6). Thomas
5%, RBC % 30T T604rM, 3M| (R4 15, 1738
K UT21 HH)BRE L72A%, HIEIE 4C BAFICHAT
B LADBAONT, R 28 HHO ATP EIEA
ALV ETHo 72 L LT 5.

AR TR ST RBC % 72285, HAR T
FAL LGRSO RBC A L T\ 4. RS RBC
DIRGAFIZ BT B B2 L, REA Y T AREE
Fr&, WG RBC LRSS TH LD LMD, RMaHER
ARG RBC IS @ RE L Bbi/,

RBC D 1A ISR 3 2 MR 50 & P A BT
5. RIMEREANIMEHL S N2 5E, HHERW
REICD A5, L WEMR M v 7 2k B
LT 25DONBIZEBBIR SN ™. 50, Ll L d
MEHZEH L7 Ir-RBC-LR i, Wb RF 28 HE £
T, R/ I 13 A S L h o 72. Ramirez-Arcos
59%, RBC IS HEMIH 2 #2688 L, iR T 30 701 6
B, F721 60 20 3 IIMEEE L7z, 2 Of5E, s
RLY R MRV UEER AC BRI EN o722k
ZRL, “30 4V —IV" 5 60 FANDIERDE YL TH
% & L7z, Dumani 5", KE&MEE GRS, 2007
DS 2011 EOIC, MIW{HEG S N7z RBC # FH &
FTHREFHMI RV EHRELTWDEYZ RS, “30
GV — V"1 60 ATIER L C b A TE el dm L
BWEAH D LRRTWD, F72, RBC OMRHYIL,
WRIME A 7V —= 7, BRINGE RGN, IR
BLUOHMERBRESEOBEHICE > THWDT 5 Labx
TWwa, RIRICBWTYH, WML, AR Bk
B2 A%, RBC CHER IR LAY E S N7zflid w2
ENB® RBC 2T 60 770 BE#E LT, MwiEYs
WOFE) A7 1HMEWEEZ SRS, 20164E6 A,
ElX, RBC 286 R I Twab Z L&, 3mPLEME
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BIREAMIOEZR SN TV W & 2L, “30 50—
W60 FICEE LY. 72, hFF T, 605
MEET A I LMY 572, BEEOWAEZ H W76
D THbNTNW5EY,

Db, PRATIREE A PO ISR 38 S 72 RBC IZD W T,
10T, 24 BEBEILANTH UL, RILERG N 3B
B, BRIMEHTETHLEE2 5. T2, 205K
PRIZBRIN® @ RBC #ik S L MR CTH A Z &h b, K
FIZBIT % RBC Okl @i L # 2 Sz 28T
T 3RS 5\ 1F 28°C T 1 KERIAT 2 [B AN O DR,
ARIMERGE N MAT T B L, EEREI LT
% 305 NV— " ERICHT AME b EET L, 4
% EH 28C TO0 LN TORRBZETHNIL, %
SRR L F 2 SNz ARETREF R il Bk i
DEEMIERDO 27 O F, WY R REIC L 5B
WAT B EBWRFTE, BIMMEDO A RFITIC B %
53 #%25%.
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Abstract:

In Japan, red blood cell (RBC) products are routinely stored at 2-6°C. However, RBC products may be temporar-
ily exposed to temperatures outside of these storage temperatures when they are issued or tested for transfusion. In
this study, we investigated the effect of exposure to temperatures outside of the storage temperatures on the quality
of irradiated red blood cells-leukocytes reduced, Nisseki (Ir-RBC-LR).

When Ir-RBC-LR were exposed to 10°C for 24 hours on day 9 or 16 and returned to 4°C storage, hemolysis re-
mained under 0.3% up to day 28. ATP levels of the test units were maintained above 3.5 umol/gHb up to day 28.

Hemolysis of test units that were exposed to 28°C for 3 hours on day 10 or 1 hour on days 10 and 14 was lower than
0.2% up to day 28. ATP levels of both control and test units on day 28 were higher than 3.0 umol/gHb.

These results suggest that there is no impact on the in vitro RBC quality after exposure to 10°C for 24 hours or
28°C for 3 hours.
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