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PrTe 2 & % MEREEFIZEE & 2138 (B8 13%)
In vitro (#51F 5 #nTe R BREEMROBH

WH s&H*  #®A @/*
HrgkIER* el F*

I C&®HIZ

mEk % *mTc TEHT 2R7T, + T, KRl
BUP, AmEk®, fwhMRY, TomE»HY, B
YVFT 574 =0, MEROMEBSATY, ER
MREORE» Ve LA EhTE . LaL,
R DF T & » TIER EEHS 21213, Eildk
ERLBVEHETH Y, BOERR2ELhIZL
<, EREH SRS elution 23R 5H 5510
BREDRENDY, bhibhd, By o577 7
4 —~DIEHTZ OHEELIRH LS.

mEk % *°"Tc CEHT 3 LR BECHE LA
THHMAMEAEL, EHEfcbkzoTEY, %
D%, %< DIFRFEIC L - TEBEOBRM R S
NTERS-D . 21T, Z0kY, 75 VA
JETFF 7 (CLS) U **mTe FRfuBREEFH * v b 255
ATERL5ichonT, bhibhizzh 2k
MBI FIH L T in vitro OB 21772 o 72,
MEREREIC BV TIZ, invivo study 24775 5 Al
i, Bl S wWoEESEMt, BeofRBTICRT
DIEFAERE, EHMERX D © elution DL L
RHMICRAT AL B EDLOTEETH- T,

* BERSIERKERE AR
** [/ RIpFE=E
Zfr:524£1 510 H
BT 5242 H 25 A
BIRIFERSE  fBRTIASENT 4-45
BERIERKRFE—AF
ST IV - ¢

Ait FR
Ak ER

ik B
HH OO

SEORE L Y AEH* v b, EROEREL
Y LERHRHBE <, elution §, 7z <, in vivo study
KCHWTERTH S L ofEm e BT, KRk
IZ¥1) % in vitro OpfHEE Z ZICHET 5.

I

ERMH

MEFAICERE O WA X Y& L iRin
ez, BifLX, HICRBEOLVIRY, HkE
BERE LTARY v 10 B ZHWTITR - 1.

9mTc 3= Y 7 v v bk Ultra Techne Cow
X VB 1 » 0.1ml (0.2~0.5 £Ci iZFi#) % 2ml/
Mgz et LRV, reducing reagent & L T(HK)
I Ry +ifto CIS f *=Tc 7R sREEHA *
vy P BLURF v N RO, FtmtiE
SnCl; « 2H,0 2 v /-,

*mTe R * v b i,
phosphate 0.40 mg, stannous choloride 0.006 mg,
NaCl 4.5 mg # 35 < %, 4EH pyrogen-free {ZfE 5
Nk L, WERE LT 10m! OHE pyrogen-
free, N, ¥ 2 #i@ L7- EHHORHEK X VRY, &
ROEZ LT, MEREBEBELTHY, O [Tl
SERVZLPEREDIREILLEoTNEY,

9mTc (2 & % F mBRIFHIEDRES

1) 9mTc ¢ incubation time

~2Y TR Uik 2 ml T, fERIATIC A
L7 *oTe RinERERA ¥ v PR (ULTEX
Fxv MAKRLHT ) 0.5m/ (Sn &L L TO03

Sodium pyro-
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©g) &Mz, S4rM=IRC incubate L 7z D b,
1,500 rpm 5 3L L, MiER X U&RH D Sn %
M OUBHEEZOEL. 20%, *Tc 0.1 ml 2N
%, 0,2,5,10,15, 30 =R ICHKE L7z, BD
BODY 7 vk 2 EIAEENREK TG LR
R (Labeling Yield, %) kb 7-.

o BEFR O MR O MR

BRI = % e o Te o R e

2) ExAXy MEEROER, RISFMELEEE

(0] -[£A

2ml ofKEic, ROJFJ|EE2S L L I ITH
BLOBLH* Yy FAKOImI 2% TS54H
TRIZHE L7 (0, 0.0006 #g, 0.006 g, 0.06 ug,
0.3 pg, 0.6 pg, 3.0 pg). JWILL TRADO*x v b
"rDZ WDy, 0.1 ml ® ¥ Tc 0%, 54
[ incubation, >\ 2 A4 AEK THEE
LE#ERERD 2.

EBITAY v MNERORIGRH &Rk O
BrEHRDBEHIC, 0.3 pg(0.5ml) OBEEELMZ,
0, 2, 5, 15, 30 4y incubate L, xR L LT, 1:58[HE
BC/ER L 72 R & DR % 5 43 incubate L, &
L THRSD plasma Iy RV o b, 0.1 ml
» ¥=Tc 2z S MR CHKE, £EAREK
T2 EIYEH L TEBR &R .

3) IEHIEF ORET

WD 38 Y OFEBBIELITIRV, BHR L HEk
L.

() ZBEALESBRELL T, MK 2ml g
JER ¥ v MEHK 0.5 ml (Sn 0.3 pg) 2f0%, 54
ZR T incubate LD b@®IEL T LEELE T,
%mTc 0.1 ml/ #fNz 5 4= iR T incubate L T 2
EAE A Cig+ 5 (pre-tinning method,
DT A 2R YL L I T).

(i) MK 2ml % = FERNRIEKTHREL,
9mTc 0.1 m/ /0% 5435 E C incubate 3 3%.
ZODOLBEITAX y MEK 05ml &Nz, 543
=R < incubate L7z b 2 EEES3+ 5 (post-
tinning method).

(i) BEROEREY, +hbbBTH* v MNE
#% 0.5ml »f%bH Y iz SnCl, « 2H,0 100 g (ACD

% 100

14 % 6 & (1977)

0.1 ml iZ¥5f%) iM% % L . (ACD: acid citrate
dextrose; 2.2 gm trisodium citrate dihydrate, 0.8
gm citric acid, 2.5 gm dextrose in 100 m/ distilled
water)

4 BxA¥y MEREMA S S LD incuba-
tion medium [ & 3 8:E

f#% 1 ml% medium & LT 1.5m/ T ACD
(pH=5.4), buffered saline (pH=7.6) I & 18 ACD-
plasma (pH=7.5) IZ{Zi#ER L, BOBDOETH
¥y MAWKOSml 2Nk, WELTEEEX T T
Db, ¥™Tc0.1ml 2Nz TEHKL, 2[E¥EE
L CIEMR 2R L.

5) BREOXKE

*mTe 12 X B RMEREEROBE I X 2R 2R
ML, EREC X 2EHREL, KE @0, £
iR (20°C) B X U 37°C TIT /e Wi R AL L
7z,

6) Elution D#&5Y

mTe {EERIMER & 6 [B] % TAEMRIEK Tk
BL, EERCE2EHRROBIEBE L.
FhfhoFgEe LT, MKz 0.5ml -5 14
4L T3MHEEY, BoB iz, 2ml o ACD-
plasma, ACD, buffered saline |2{Z#E L, 0, 3043,
1,2, 4, 17, 24 B:ff)= iR incubate L 7z © H3EIE
L, IiEe BiEmS ORSRE 2R, MmER O
ROBET 2RI L7z,

T AT ES Yy b (HY) LIZHEORR

B NMAE 2 BN £ 721k, R—AmfEcmiRL
T, RITRTAMA L MAEE TO Ht 277510
REERL, SEETERL, ERReRMLE.
Ht: 8, 15, 20, 26, 35, 41, 50, 57, 62%.

8) 9mTc QR LIEHFEDEE

EAEIZE->T, **Tc 0E# 01m/ kb 1.0
ml ¥ TEME LD THE S h 2 REROBHNMEZ
BatLz.

DA

ERESE TR o 2 19 flokstics vw T
R M ERE R 1 91.7+£7.0% (mean+1.SD) ©
Holz.
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1) 9aTc [Z &k % incubation time

Fig. 1 o X iz, ¥°Tc 2z T 5 4 CHEHR
FIEERKICEL, LI plateau R L7-. L
72H - T, *mTc o incubation time {t 5-10 4y ©
+a3THD.

2) ExA¥y MNEROE, RIGHHE L EHE
() :TE

Table 1 (T8 TH * v MAWKDOEEE % 0, 0.0006,
0.006, 0.06, 0.3, 0.6, 3.0 ug L& 2 -BEDEFHZR D
BlexkAHizb © T, F#RE 0.06 pg TIF 12 &
plateau (3L, 3.0 #g £ TREEZED T LHEM

50}

LABELING YIELD (2)

0 5 10 15 20 25 30

INcuBATION TIME IN  MINUTES
Fig. 1 Time course of 99mTc uptake by erythrocytes.
Each point represents the mean of 3 experi-
ments and bars represent 41 S.D.

Table 1 Dependence of 99mTc Uptake by Erythro-
cytes on Reducing Reagent Concentration

£8/2 m/ blood Labeling yield (%)

0 10.2+0.3
0.0006 13.24+2.9
0.006 23.8+1.1
0.06 71.0+4.8
0.3 72.3+£4.5
0.6 76.7+6.0
3.0 76.4+0
Each figure represents the mean (4S.D.) of 2-3
experiments.

Microgram of reducing reagent indicated was dis-
solved in 0.1 m/ of solvent instead of 0.5 m/in usual use,
so that the labeling yield was lower than the mean of
0.5 m/ (91.7%).

b, WICHP LR ohid o7, Table2 i3, &
FTH %y MARZMZ T2 5 ORR & EHR O
2T, MATBRED» 51/ i 5 0mE &2 1T
v, EEETTUERET2-oTH 90% Lk
DIEFEBREON. £, 1EMBNCTHARELE
¥y MARERVS L, BRI 26% 23 ET,
ZDOOEHREY D Z LEIARFIRTHDP.

3) IRENEFF DRET

BAXx v MNAKRE *™Tc ORNICEA S ® 55
(pre-tinning), #IC{ER &+ % 2> (post-tinning) %
BEfL 72 & = A, Table3 @ X % iz pre-tinning
84.8%,, post-tinning 77.4% T & - 7=. SnCl; 2H,0
100 pg 2RV 2 b D TiE, 549 % T, FRmEKE
WHx Y FEROWEEDR, ERENE» .

4 BrRA*vy FEKRZEMA 5 E LV incuba-
tion medium [Z & 2 FH5&

Incubation medium & U T, HRinkkz £HGR
BARCREEE L e & & RRELERENIL
(88.6%), o\ ACD 67.9%, ACD-plasma 53.8%,
DIETH -7z (Table 4), im#gk 1 ml/ iZ medium
1.5m/ #iNx =729, BAHE L Y medium OEH

Table 2 Dependence of #*mTc Uptake by Erythrocytes
on Incubation Time of Reducing Reagent.

Labeling yield (%)

Incubation time (min.)

0 93.54+7.3
2 100.241.7
5 97.741.1
15 98.24+1.3
30 95.0+6.1
Old reagent 26.14+16.3
No reagent 10.4+4.9

Each figure represents the mean (£S. D.) of 4-8
samples.

Table 3 Comparison of Labeling Yield by Pre- and
Post-tinning Method

Method Labeling yield (%)
Pre-tinning 84.84+1.4
Post-tinning 77.44+0.4
SnCl:2.2H20 549+1.4

Each figure represents the mean (+S.D.) of 5 experi-
ments.
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Table 4 Labeling Yield of Erythrocyte Suspended in

14 % 6 & (1977)

Table 6 Elution of 9mTc¢ from Repeatedly Washed

ACD, Saline and ACD-plasma. Erythrocytes
Medium pH Labeling yield No. of Washings Labeling yield (%)

ACD 5.4 67.9+ 3.1 0 100
Saline 7.6 88.6+ 1.9 1 96.0+1.2
ACD-plasma 7.5 53.8+11.3 2 92.54+2.6
Each figure represents the mean (+S.D.) of 5 experi- 3 94.6+1.4
— 4 92.4+42.3
Each sample consists of 1.0 m/ of whole blood and 5 93.5+3.1
6 93.7+1.3

1.5 m/ of medium.

%<, EHRBIEy (&< (plasma 28 T)
HrR»d -7,

5) BEOKE

EYERE % 37°C TfF oz & 0 EHRE,
92.4% L& LE L (Table 5), v T=iR (84.9%),
KETIX 64.1% LELEN» o7, Lic 3o TE
BT 37°C TIFR I DONRED LA, BfEDHE
FE2EX=ERTI TRz,

Table 5 Relationship of Temperature to °™Tc Uptake
by Erythrocytes

Temperature Labeling yield (%)
4°C 64.1+1.3
20°C 84.9+1.1
37°C 92.4+4.6

Each figure represents the mean (£S.D.) of 5 samples.

6) Elution D5}

FROLER #1833 L 72 2> - 7= free technetium #% &
iz, 1Eo®EET+HTHo. 6EETE
WARMER LG LT D, elution 12k 2EHEKD
ZLIZFR® b iz d - 7o (Table 6). & 512 elution
e+ 5% 7-», ACD, buffered saline, plasma {Z
B LRk EZ, »5»UHEDRHEIRIC
HEL, MIRE EFEOKNEEZRD:. Fig. 2 ic
RLzE ST, FRMERX Y 0 *=Tc o elution i,
2RI TIX 6% LI, 4 BRI T 10% DINTH S
25, 24 BEEfE# <1, plasma <, 11%, ACD, saline
T 2% BETH-IZ.

7) Ht LIFEEORMIRFR

Table 7 TR+ X 5ic, Ht8% kv 62% o
RCBEETERL T, FRERI 85-97% Td

Each figure represents the mean (+S.D.) of 3 samples.

100
e k Red cells
=
=
5 60 F o ACD
S
= o SALINE
=3
=1 | o PLAsMA
o
R
20 f
Supernatant
0 " A L 9 2
0 2 4 “ 17 24

INcuBATION TiMe IN Hours

Fig. 2 Elution of 929mTc from erythrocytes suspended
in ACD, buffered saline and plasma. Bars
represent +1 S.D. of 2 experiments. The
upper line shows the percent of radioactivity
of erythrocytes and the lower shows that of
supernatant.

Table 7 Relationship Between Hematocrit and Label-
ing Yield

Hematocrit (%)

Labeling yield (%)

8 85.0+0.5
15 95.3+1.3
20 94.242.6
26 97.6+1.7
35 95.04+2.0
41 95.6+3.0
50 94.14+0.5
57 94.243.5
62 93.8+3.2

Each figure represents the mean (= S.D.) of 2 samples.
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10,000

CPS oF Rep CeLs

5.000f

0 0.2 0.4 0.6 0.8 1.0
VoLuME OF Tc-99M IN ML

Fig. 3 Relationship between volume of 9™Tc and
specific activity of red cells. Each point re-
presents the mean (41 S.D.) of 2 experiments.

v, Ht KRz TWERRERE L.

8) YaTc NE LIZHEDERF

Fig. 3 » X 5z *2Tc »F%EZ 0.1m/ X v 1.0
ml ECHENSES L, mMEROKFER hic
Hofl L CHEBICHEME R L. Fig.3 it T
1z, 0.37 pCi/ml (=13, 690 dps) » **mTc %\,
HEHEEIX Z o To ITE L T CPS TRHE L 7z,

£ =

“mTe TRMIREZER T 2R A, 19674
Fischer 52 iz X > TR UL TR &N, *mTc
ZfRmEk L incubate + %5 DA T, EHRIEEL
72 DTIE o2, FD%, stannous chloride
% reducing agent & LTHW3IZWz->T, &E
LIEHRELN B X 5Tk o hs, BRI,
Eckelman &% 40-609%,, 23 % 30-50%, Kurubin
29 80%, Schmidt £ 40-65%, Ryo'™® & 66%,
Atkins 519 41-76% L WTFh LERTH -7, &
, *mTe ERLAYHAER* v MusEL P T,
Fiukiz BT b, reducing agent # EEHHY IZ
ATEszl, PV RERBIECTERRLA LY

L3z Ly B znzRAH, Gutkowski 519,

Smith 5!®, Bardy 57 2k > Th &hiz. Gut-
kowski 51X, % v MEL7- stannous glucohep-

tonate % fv»% pre-tinning method < 90% LA E
DIE#HLR #18, Smith 5%, freeze-dried stannous
citrate % fjv»5 pre-tinning method < 979, yield
¥EBTw5. %7 Bardy 5%, stannous choloride
» % v iT stannous pyrophosphate % Fiv» 90 %
P EOESR 2Bz, CIS #l 2Tc ki B a5
H% v M, Bardy 0L LTELA TR Y,
stannous chloride, sodium pyrophosphate, sodium
chloride, sodium hydroxyde # %< &, ZDO{EH
B L LT, % stannous pyrophosphate 333
MERAE % 5@18E L THRMERICA Y, KW TH %
9mTe AFRMERPIC A D & W, Sl % 7z stannous ion
2 TcO, ion % lower valence, 8% & < i Tc IV)
iZzL T, hemoglobin (IERFEIZIZ globin 43f#E]) &
DARFHHERERHBOLYELEXB AT
31219, Z 1T, SnCly«2H.0 # BTl &
% X v {,, stannous pyrophosphate # v 7= 525
BEEREmL, elution bk nwibhbh
DEEAEE, Sn A A v OFRMERPEOFEBE S, FRil
RN D Sn 1 # > @ 1F7EHEK 43, pyrophosphate
PRSI BRBETRELTWSZ LERLTW
5LERINS.

CIS RRMERERA * v b 2 H Ve & v 0iEH
L, 194 » 7T 91.74£7.0% &, Kk D SnCl,-
2H,O B2 L, 12 B DI\ T W7z, X7z elution
b, 6[EFE TORBEBRIETEEORIITRL, 24
BB L T b 20% LN T (Fig. 2), Z h i
SnCl, - 2H,0 # fv 7z Schmidt & DOpEAEY (3 =
DY T 40-48% 1T B B) R, bhvbh OREY
BET 24-31% Z#EHB) IKHLEALTNS.

EE o Rk 2 HEICO>VWTR, b
hbh s 100 pgg SnCl, - 2H,0 Z W TEHL
FRMERIC OV TRMKBFBERMEZR/ & 25,
EEmMBROERLEED Y £ 2720 T®, 0.3 pg
Sn BEnAx v b CiREZVWERDNS.

¥BTAE Y FEAVDIEY, T0OOLHEE
T2 L BMBEATHoT. pre-tinning & post-
tinning method D # &t i, pre-tinning 05 238
HRPBFChHol. TDZ ki, *mTc LML
ROFESII Y loose THY, WHEOEEER
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B b oiz+3ici, Snt-ion RUETH DT
LERLTWA., ¥£7, EZEi#icik Sn 0BE L
EETH->T, BEETERERORVDILLA
AThBN, EHEED 102 4%, 10° F0RE *H

WTh, BRROTASZLABHLATNSY.

F7-, PmTc /12 % & incubation medium
i Schmidt DFE#EY T, DAL DOEETH,
saline |22 EH L 7= & <, plasma OFFFER
EH®R % T3 factor ThHBLBbh 3. Lz
-T, ¥=Tc ¥ iM% 3H0C, BmLL T4 O M
HaERZLVPDELRES.

ko Xk 9ic CIS RURMEKEHRA* v b & H
We EVOBERFIEE MR LR, Fik
DIFIZFE L BN HHE & & HITR O A THlilg
fb+2Z L3 AIETH B,

1) BTHA*vy MAREMX 5R1IC, plasma
BRI H AMERER A I WA, Bk K TH 90%
BEOERBEIELNS.

2) BTHxy MNAKROEEZ, TENED
EHVSR, FEIAK 0S5m/ T,

3) BrHx vy MARICETERIIZ, 4HTLY
SHMTHRLSTEL, Mxkzns, 2,3 EIREL
TREBIZS HHIOBLBRIEIC) 2o TEL 2
2T,

4) °9mTc ¢ incubation time (% 5-10 43 T, 37°C
TITHR o P EHBEN I VWS, BRTLELD
MRV

5) Mz *°mTc DEEiF 0.1m/ kv 1.0ml

OEITEML THHAEEED X S IFhiF X v,

6) EBBEOF LI LOWREIE 1 BTHSTH
D, 0%BECEHRNSZDOT, ML -T
FgEbT L L v,

7) FERT MR, BEC 2ml ThBL
EHiknl, Afl, FMERE~NI 27U v FOR
BAHAEL, ThEEETILERR V.

Dbom@y, Axv b ERVWT90% LLE 0E
BEEEBIZLRTELDOT, bhvbhid, E#
FRMIROBME ETr->T, MY v F 574 —
EHITLTRY, BFAREEZBTWEY. ¥k
bbb BRERY 51T »> T EAMER, f/MR

14 3% 6 5 (1977)

Table 8 99™Tc-#2 3 {1 Bk o B A B A

A) 99mT§ FERBR LBk
FEBRAR fLERE DO RED: 10
BRI X 5By v F 777 4 =919
TS 53 A & Bt o0 B
9mTe FRMERT > ¥4 7T 7 4 —320. 2D
Wl v 775 74—
In Vitro {2 381F 2 Hi{ADRFE2D
B) %9mTc £FE@H Mk
@ FPREE~OEHY S
@ RIEE, Abscess D29
@ Y 2 BRERA OIS 2
C) OB
D) ®mTc $FEiifn Mk
@ M/NEEIRA~ OIS
@ MARAE D ERAL BT
@ MIMRIEEDEALZE

©@e0e6eo

~DEBHIZOWTHLEEFTHS. TEET, X
BEcRohD, B bR D " Tc il Ek
DOEEFRMSAX, Table 8 D@V THY, —hbd
iz CIS E#iF % v + ORI NTRETH 5.

¥mTe |2 &k R MmEREEH %, CIS R M EREE
Hxv b #HT in vitro THRE Liz. MKk 2ml/
|z stannous pyrophosphate 0.3 zg (% v F#z 0.5
ml) %, JWELTEHERWZOD, *Tc
0.1 m/ #inx, 5-10 4[] incubate L 7=.
BB L TEBR L RDIL TS, 9%
Zn T ITET.0% O RIFIERRERF. il
BERLY ITPCoFREL, *Tc £z T 5-
105 THRACEL 2. AT 2 Mko Ht iz
% *nTc RICITEBETH 72, RfERE v @
9mTc ¢ elution (%, EFrHE 2 LEHRIE TIX D
bh¥, ACD, saline, plasma IZi#ESE - 5HE,
24pE R4 I SR OB RED 10-2090 DIHEA RS
hiz.

AEHAx v M3, BLUEICXL BT T
T4 =RT XA T 74— CAVERZENY
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T, AMRPI/MEOERICVERTHS Z

LEHLIZ.

Faz#csic s v L, CIS *“Tc FRRmMKA* v b
(TCK-11) %428 L TN BMRSH I F Y +FicEH
LET.
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Summary

Blood Cell Labeling with Technetium-99m (1)
In Vitro Studies of Red Blood Cell Labeling by *=Tc.

Tatsumi UCHIDA, Tsuyoshi AKIZUKI, Masaru SAITO*, Hideo KIMURA,
Tetsugoro TANAKA, Shin MATSUDA, Hiroshi YOSHIDA and Shigeo KARIYONE

The First Department of Internal Medicine and Radioisotope Laboratory*, Fukushima Medical College

A method for labeling red blood cells (RBC) in
vitro with ®*=Tc¢ by using CIS kit for *»T¢c RBC
label is described. Two ml/ of whole blood are
incubated with 0.3 pg of stannous pyrophosphate
(0.5 m/ of kit solution), followed by removing the
supernatant and incubation of °mTc¢ to red cells
for 5 to 10 minutes. After washing of two times,
labeling yield of 91.747.0% was obtained in 79
samples. Labeling is better at 37°C than in room
temperature, and maximum labeling occurs after
S to 10 minutes incubation with %°mTc. No

dependence on hematocrit of each sample or
volume of **mTc¢ added was seen. No elution of
9mTc from red cells was shown by repeated washes
of the labeled cells and 10 to 209, of radioactivity
to initial counts was lost in ACD, saline and
plasma 24 hours after incubation in room tem-
perature.

It was discussed that 2°mTc RBC kit could be
used not only for spleen scan and angiography by
9mTc.labeled RBC, but for white blood cell and
platelet label by *°™Tc.
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