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In-vitro methods of incubation and reincubation
of erythrocytes from phlebotomized anemic rabbits

after an addition of Fe®

%ﬁ% 1 ﬁ‘cﬁ‘l‘fklaﬁﬁ%&%i ‘5“.79 § @’&‘ Phlebotom i zed Anemic Rabbits
RN B S Fe 20 DT HRINER D ES T (Reticulocytes |5-20% )
HOMREFROERNTREL, S0 IGHS 1

(A.C.O. Solution added)

REBROFEGERMIRIC E S Fe DIEE £ 0 1

7. ; ; l
U UIShs S Utk R 5.5, 58k 08847kl é %é é

BRAIIOA N 5 1 heme JHEMEF AR i A o
IMBFTUAS OMERND U, COMo | e eEhmdac
E S Fe Qi3 L BEOZNARINNERLS
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'C%; heme @é&ﬁﬁ@ﬁ%&:{?jﬁ l/—c E S Fed Reincubati ina form of suspension of
A . _ _Reincubatlen plasma from phiebotomized
£52EE%@I-T L7, anemic rabbits in 37°C water

I ZEBFH% l ] bath :
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FIRDICIR & R ESEIS FeB0l; % WEER Determination of R.B.C:Fe® E.S.Fe® and Hemin-Feg®
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WINT A.C.D ¥, dikMloLEAEmz TR 37°C
DfE A h THE O IHRE i Lic, RmbL
TIMSRAR & ey Rk THEER L. ¢S5 L
Tidtc Fe® FRRRIMBRO-—EBIC DT HRIMEKRA
Bk, FRMIRAN ESFe® 20T hemin-Fe® @ radio-
activity ZHEL 72,

BEERECEOIELLTREREIC L DT/ Fe®
EEERIMERZ, FeS W24 Tl @ KR O i
B S S EUREOIR 37°C [HiRKthciRlE:
BEBCUEDLLDTH 5. HihoRF LI K
REBFSE M, BHERRTVE Zh TV 550
—BH oD UDRREBBE B ORI IRIE
el XERZRRISREmEMICREI NI
ERESETHEL.

2.2, HfRP Pe® EEERMBROD ER & £ DHG%

BIR TR~ L ABEDFEIC LD TRBOHEMKIC
BOTHRIMERE FITEBL, Fig.2 IKRT LS
FeB Wikb ik, <9 O 12058973 48T D
T THREFMICRM L, ARSAEKTHRIMIREL
[E2EE LT Mg % 524 1t SR =far~y the
Pe® A4 T NFRMEICFEH IS T, M
37°C fEEKE TIREBISER L, BRA%R O RIMERE
Bk, FRMERA E S Fei® 3 1T hemin-FeB @ ra-
dioactivity ZHIE L7-.

Fig. 2.
METHODS
(Incubation of Fef¥ tagged erythrocytes)

1. Intravenous injection of FeS into phlebotomized

anemic rabbit.
2. Drawing blood samples after injection.

(0.5,1,3,6,9,12, 24, 48 hours)

3. Washing of erythrocytes.
4. Making erthrocytes suspension of plasma from

phlebotomized anemic rabbit,
5. Incubation in » 37°C water-bath for 36 hours.
6. Determination of E S Fe® and Hemin-Fe5

before and after incubation.

(percent to cpm of erythrocyte)

3. AEk

3.1, JRHRERIE

M T%& Well B scintillation counter PS-IB
AR CHETEERERIL,

3.2. FRIBRAE SO RYTHERIER

& A

HifaE AkONHh THET D E S P, BV
CO gas, l-ascorbin BAR 72 E S Felp g0 ZHUE
L7=43 Well & scintillation counter TRIZEL A,
E 8 Fe FEQAILESRMIRIT 0.3~0.5m] ¢
KA THDI.

3.3. FRINFRA hemin-Fes® DUMAERIEN:

Briickmann, G. & Zondek, S. G. @ hot pyrophos-
phate method? THL-DTIEA 3 vV EMIL LEDLD
% hemin-Fe® @& L CHAHHE L BE ES
Fe® LU { RMBEHOBSEE M L THD
BEATRDLE,

m. EERm&X

. RESRFMIROABREFIMSHESTNRE

MRFRMBRAF (15%) #E L RKRMKREE=
fgan~xvic 5ml IO5EL Fe® A RMLT
304y, 1,2,3,4 BIIOEREICHY TREEET S
& Table 1, Fig.3 D & <, RMIFEH 1ml
DNVTOHRBRE, HIL

. P2 e AR IMER cpm 100
rotio(%) = 3 Pt iy cpm ™ T IEREEL Gaal)

BB L I E5 L, BIRFRMmIRIFmD TR
SBEBRT 5T &08bh 5,

Table 1. Radioactiv iron Fe% up-take of rabbit

reticulocyte in vitro.

NQ5 112 |3 | 4hrs

RBC Fe® No.1|1.0] 5.3 8.1)11.5] 12.6
Added Fe® | No.2 | 1.4 6.5/ 8.712.1 14.0
(%) lmean 1.2 5.9 8.411.8] 13.3

RBC Fe® :c.p.m. in 1 ml. of red blood cell.

2 HBREARMBEREVICHILE

Fel WARM U TRE O \IRRMRMES MR
HROBRENIERERE 5 C 151 heme DAK E
E S Fe HROHE, oG ERS 2. £ O R
Table 2. DTEL{THA.

ZPRMER T FNENOR Febd g & kit
%, ML, RittEekE A T nmiEhcE 3HH
FTEERLAEAD E § Fe® 35052 hemin-Fei
DL Fig. 4 KRBT L, NHELEE DHE,
Z DB LD TRIMERPAEIR Fe O EHIZS
WZ b 57 hemin-Fe (FAMIC M L, X
FHC B S FeB RQRllic@gP LT3, cozeiR
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Fig. 3. Transitional curve of Fe® up-take of

rabbit reticulocyte in vitro.
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Table 2. Alterations of E S Fe% and hemin-Fe59
following incubation and reincubation.
T~ incubation

b 0.5 1 3 5 hrs

. . \\
reincubation ~

RBC Fe® (a) | 14992| 26017 49630| 52054
E S Fes® (b) |1139.4] 1535 2333 3227

0| b/a % | 7.6 5.9 4.7 6.2
hemin Fe5 (c) | 13118| 23232 44617| 45964
cla % | 87.5| 89.3 89.9 88.3

RBC Fe® (a) | 14886| 25181| 49398 51145
E S Fe® (b) | 803.8 1309 2272 3069

1h b/a % 5.4 5.2 4.6/ 6.0
hemin-Fe® (c) | 13115/ 23015( 44508| 46184
c/a % | 88.1] 91.4/ 90.1] 90.3

RBC Fe¥® (a) | 14906 25346/ 48929 49681
E S Fe® (b) | 700.6] 1191 2104| 2633

3h b/a % ol Aol A B8
hemin-Fe® (c) | 13684| 22963( 44868 44961
c/a % | 91.8/ 90.6( 91.7| 90.5

RBC Fe5® (a) | 14878| 25104/48665 | 48990
E S Fe®® (b) | 654.6/1054.4/1244.9/2498.5

6h b/a % el A Sl Bl
hemin-Fe%® (c) [ 13449| 22794! 44431 43405
c/a % | 90.4[ 90.8 91.3 88.6
E S Fe®:c.p.m. in easily split off fraction
of RBC Fed9.

HTTTIELLFED L, E S P DIEARRIC X
ZHERIE S TR O LEL, hemin-Feh
b MLOFERFEOEALHEZLTRSERD

Fig. 4. Changes of the concentrations of radioactive iron in red blood cell,
E S Fe and hemin following incubation and reincubation.
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Fig.5. Changes of the concentrations of radioactive iron in red blood cell,

Wo® =

B U7 Fe® fia &%

E S Fe and hemin following incubation and reincubation. ARRIMEDICRIES 4
i i oy i { S IR RE L T IR,
% ii',"} \ ZDRHD E S Feg,
e ES Fellyne 3 U IC

! 4 hemin-Fef? % HIE L 7:.

’!. ZDFER T Table 3, Fig.
g i 6 DT CRMEROR
g% MERP E S Fe (2 Fe
of W5t 3 W% T
o U il s, MR
o ! HOEEFE T KX D hemin-

0.5 1 3 5.:0.51 3 5 051

Duration of Incubation

Fe® JFRMN% © hemin ARBIBE L EZZ SN B
Fef |3—[5 3 DB REBETHRATE 2 L &RL
T3, BicEKS2CLER, WTFhoad
hemin-Fe® DARICHE N THEESKIIE D E 8§
Fe® ASH8NL, <hid hemin-Fe® D@ic—FH L
TR ETHA.

3. H/KA Fe® FMERMMOERER

P EDmRZGA VAR THEICHD D 5 BICHS
MBMKFROLEKRA FeB L RIMIR & ERFHT
IKRIML, TOMmEAIEMBRELT, 2hEhilic

3

ks 2 2 FeS DIFINY 5> T
EPRBOERDI. X
HIR TRtz B S Felly asc DIEIZD & b Fe®
Wit 1RSI TIE B S Fef, & Mk LT
{372, CO KT l-ascorbin BRd C DKFHED E S
Fe i LTI & { SERHTHIER % /R £ 9, Fe®
#5% 3RRIHD b T DIEAEREIZUY, 488
W7D TE S Fe'g’z D /3 YT ICED UKk
SEREHVBIER 2SR U e € & BBUREED.,
RICERD DR, 3 FERIEEE VW SRR
B & £HE U TR OB DOREEE LR LT

Table 3. (A) E S Fe5 and hemin-Fe® in the young red blood cell following

intravenous administration of FeB to rabbit.

N 0.5 1 3 6 9 12 24 | 48hre
Subject
RBC Fe®  (a) | 8916 | 12088 | 13196 | 16945 | 17752 | 21627 | 27771 | 30612
ES Fe®  (b) | 230.9| 412.9| 439.4 | 477.8 | 426.1 | 406.6 | 669.3 | 658.2
b/a % | am| 3.18| 333 2m2| 240| 188 za| 215
No.1 | ES Fe&,,..(c) | 358.4| 418.2| 304.8 | 350.8 | 418.9 | 315.8 | 299.9 | 189.8
c/a % | 4.02| 322| 2381| 207| 2.3| 1.46| 1.08| o0.62
hemin-Fe® (d) | 8051 | 11845 | 11908 | 15894 | 16422 | 20178 | 26115 | 28745
d/a % | 90.3| 91.2| 91.0| 93.8| 92.5| 93.3| 94.0| 93.9
RBC Fe®  (a) | 6317 | 8073 | 11650 | 16540 | 22421 | 26840
ES Fe®  (b) | 247.7| 234.1| 245.8 | 416.8 | 515.6 | 445.5
b/a % | 38| 29| 211| 25| 246| 1.66
No. 2 | ESFY, ... () | 193.8| 225.2| 137.5| 301.0 | 329.6 | 241.6
o/a % | s.02| 279| 1.18| 1.82| 1.47| 0.90
hemin-Fe® (d) | 5743 | 7383 | 10963 | 15382 | 21233 | 25498
d/a % | 8.5 91.4| 94.1| 93.0| 94.7| 95.0

E S FeMeo+asc : E 8 Fe® in the presence of CO gas adding l-ascorbic acid.
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Table 3. (B) Alterations of E § Fe® and hemin-Fe® following incubation.

\ times
S 0.5 1 3 6 9 12 24 48hrs
Subject. e

RBC Fe® (a) 8157 | 11155 | 12488 | 16825 | 17446 | 21457 | 27561 | 30399
E S Fe%® () 129.7 | 229.8 | 267.4 | 387.0 | 326.2 | 386.2 | 485.1 | 486.4

b’a % 1.59 2.06 2.14 2.30 1.87 1.80 1.76 1.60
No. 1 ESFe¥, ... (0 203.9 | 267.7 | 237.3 | 363.4| 282.6 | 242.5| 305.9 | 218.9
c/a % 2.50 2.40 1.90 2.16 1.62 1.13 1.11 0.72
hemin-Fe®  (d) 7439 | 10173 | 11689 | 14597 | 16347 [ 20213 | 25897 | 28757
d/a % 91.2 91.2 93.6 92.7 93.7 94.2 94.0 94.6
RBC Fed (a) 5576 7547 | 10882 | 15739 | 22441 | 26664
E S Fed ) 100.4 | 136.6 | 264.4 | 354.1 | 350.1 | 320.0
b/a % 1.80 1.81 | 2.43 2.25 1.56 1.20
No. 2 ESFe, ... (© 93.7 69.4 | 210.0 | 232.9 | 152.6 | 157.3
ca % 1.66 0.92 1.93 1.48 0.68 0.59
hemin-Fe® (d) 4649 7034 | 10077 | 14810 | 21319 | 19624
d/a % 90.5 93.2 92.6 94.1 95.0 96.1
Fig. 6. (A) E S Fe® and hemin-Fe® following intravenous administration
of Fe® to rabbit. 55L& FigTDT LA
(B) Alterations of E S Fe5% and hemin-Fe® following incubation ELBIT L Fe® 15k
No. 1 (a) (8)
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Fig. 7. Transitional curves of E S Fe® and
hemin-Fe in the young red blood cell.
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B THH I AMK T OMR MBRAS VR MER % F
Wichs, D Fe® BREFEIBDT & <, HRE
BRU LENETIT 5254 BB ETREHD
M3 DPABEE B 7o, KIFD 13 phenylhydra-
zine IMA & D {} - MFRMK CRABORBRERS 2
I C20% 8V EHEREEARE LTS, ThoD
T & SRRRMERDF A e fe U1 REFLENY % KER
TS 284, % ORRAMRKIGARENDS LS
FHERTHERIR (3 R MG T %EFRLT
heme DAKEETOTNBEEZEZBNETH3B.
MTEZIAHR CRBALGNIT B tESERE %
F 578 { DYERIMIRAUCREICHF ES FePd DFF
EAEDIN, TORICDOOVTREE ThRRLT
& EFRMBAIC Fe DS DANS h 7B DRE
EMNEELE15>TL 5. B1H London LHIRHL
T3 XS iclEZOMIBAARBE & FHOMiE
EEEE I3EE—KEZR ULLBEROBN TIEH 305
He b BT B 1L EREERINT 12 B 4 O BT
B LICHAETAINEND S, BT Jensen 510

1S

RIERMERE Fes? &ILicHefkd 5 &FRIMIBKA non-
hemoglobin red cell iron!®)D15) j£ & Febd HA U,
Z i34 < non enzymatic ISILEIC X B &R,
B9 13 RERE N OISR M ERE 3R R ER TR MR DI
MEERICETEE non heme §k5% < FF7E LIEHRMER%E
REHESRE S T RVEEHICHEE UICERED, ¢
DIEHAREED non heme £kid heme ARLICFIB S
1%, XUHEhOBBE & FH AR LB URMERZ A
NTEERICH 2 C LT, EERATERINW
Fe® $FIEHRICA—~EROEART L ERE
LT3, X Lajtha 518 $ ADBHEZEFERIIKEFD
L RITHRE U7, RIFERR, MARMIRDHSIC FeH
RERINTHRAICER SN /<%IC heme ARKIC
FAINZEHRELTVE, 2F0EEINAHIZ
B8 T I3 B A 1S AR FFBRIC X i T IRABIR AR
MmRCHOAN S h THIRNICER Shickic
heme AMICFIAINZ D SiCid, Ra o otk
AL THEROHERMERA E S Fe ZRIET
ZICYDTIE, 5D heme ICARR XN 5 AR
DFEHKEB IR OB BESELTL 5.

TS HE S 5B % DR MBRIEHE F 45 & 48R4
REE13Z, BOEZMED Crdl FZERMIRD BRmEic 7
~ 8 MDY 13 5 —EBDBRE I NSO HEE
MEAET 2 EDOHENH 2D, K Lajtha 5100

radioautography 5 L TO EER TRIRFRD b
FTHEHREIN: Fe® 22D BEmMICRLTEEE
LTORBWEDOHESHS. LrLThicLTsd
MED E S Fe AIBICH1:DTRLVED Fe¥® D
A bEEEL 5.

EEDMIRARIMER Fe5 IRIMIETRE, Fe® 28F
HMmiErh TOFERERS, HHERMIRD E S Fei
FlEIC S > T EORIRERZ T RN T 5 Al
T2-bDTH 5.

S THRERTHERDRCROANS T D
DD FeB |IFHERICEL YD hemin-Feb ([THUA XN,
ZOMC ES Fe & LTEAIS N7 FeP (3 hemin-
Fe® RO AN SN C & E2B, LIcHDTES
Fe¥ & LTHIRIEHE N/ SDIZED ESFe T
1372 IRINEA X 72 Fe5? S hemin BB O R
ETZzOFEFHAINIbDEEZLNSB, ETH
THEAND 1 Fe ERIFERMROBEELE
S TICHIRRINESSE O LA B L ckR £ 0
ES Fe | Barkan, G. D RMEF2& 1B mEHK
Y & AP B & DIEREB TV, HIB
ORBEAHELITD E S Fe® &, Thd mEaFHE
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EYicHESHS ES Fe L3, BOTHERHE2
RETHAD.

WICBIRRMERDKE R A SRR T 2 &, ohE
TRAOERGITO I ES Fe {3 hemin-Feb )5
EihTiEml, T4l hemin-Fe® DFP L —
U 20T & RRARENEER T H hemin-Fei
HEFHEEO—BIRIHBLUT ES Fe® THITT2C
LERTHOTH D, BlikHF o0 b WIRRIMER
AR IIBIRRIERS 5% TG A S AR IMER O3k 8
FNBTLEERELTV S, ChoOFIh LR
BEAOEBRENEOT TARNERVIROET
A EB TRV TH X ERL TV S & 2K
K Fe® ERMEROIBRBRTHED B, HIBR
BREASRERDOEAEEY T 100D Feid ik
5#%o305, 1ER§%D E S Fe‘é,’2 Rt d, 3op
BTREFHEHLER L. CNBFROKE®OE
BHoEZT—H T FRMIBRE D 5% heme IF|
BENIZ Fe® DIE(ED A, KRB 3 FMmikA
R VAHERD Feb TH T hemin /E5K 1€ BT
DANSH Z26DH E S Fed & LTz d
DOTHD E 8 Fe® TR, Lich> TRk 3
BRI X D heme &K D 13 12275 O E
8 Fe® ZHIE LRIFAIC S OE WA BRT 2 OME
UTHB.

R Fe® BEDPH TIE ES Felly,nee & ES
Py CERDBSNEDPDICEDPED, ThEOD
KO ESFR 3, 440306 DTHLCEN
HHIh3., 2% U heme AEKATEFE D S iCITY
R CO gas % l-ascorbin 2T X % SkEitiR E1ER
BRVOHSTHY, BRI TS, K, £,
ZEMOFRIMEEA E S F® L5 L o5, 50
FRIMERD E S FB {C CO gas, l-ascorbin BRD
BOBOLC L BRBTHLNTES,

L0 &SI U THEKASE RIMERICIE, FE% g3
DR Fe® fEiR 5% 6 4% 9 BERILHIC ES Fe® O
A @ ichs, Thid hemin-Fe® O HERF & EZ
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Studies on Easily Split Off Blood Iron by Radioactive Iron

Part 2. The Significances of Easily Split Off Blood Iron
in the Immature Erythrocyte

By

Hiroshi TABUCHI
Depertment of Internal Medicine Okayama University Medical School
{Director + Prof. Kiyowo Kosaka)

Fe¥-radioactivities in the both hemin iron fraction (Hemin-Fe%®) and easily split off iron
fraction (E S Fe®®) of the rabbit erythrocyes obtained in reticulocytosis were determined
respectively after incubating them with Fe® in vitro. On the other hand, immature rabbit
erythrocytes labeled with Fe®® in vivo were incubated in nonradioactive medium, and the
same determinations as the above were carried out. The following results were obtained.

I. Reticulocytes of rabbit uptook considerably Fe®® during incubation in vitro.

2. Fe®™ uptaken in reticulocyte were quickly utilized to the synthesis of hemin. However,
Fe® at preceding stage of the synthesis were found to be extracted as false ealily split off
iron.

3. With the incubation of reticulocytes for 5 hours in vitro, the E S Fe% increased after
the synthesis of hemin-Fe®.

4. 1n vivo, the E S Fe® increased in new formed labeled erythrocytes at 6 to 9 hours
after intravenous administration of Fe%, originating from hemoglobin break-down at that

stage.




