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A Study on Anemia Induced by X-Ray Radiation
By

Yoshihiro Hada
Department of Radiation Medicine Okavama University Medical Scheool

Okayama, Japan (Director: Prof. Michio Yamamoto)

Male rabbits weighing about 2.5 kg were exposed to whole-body X-ray irradiation of 1000R in order
to study the post-irradiation anemia. For this purpose the experiments were carried out at varying in-
tervals after irradiation in the order as follows.

(1) Take red blood cell counts (RBEC), white blood cell counts (WBC), reticulocyte counts, hema-
tocrit and hemoglobin (sahli) fluctuations;

(2) Determine the erythrocyte resistance to the hypoosmotic saline;

(3) See the erythrocyte survival rate by the method of 51Cr (Cooper);

(4) Study the serum iron concentration and erythropoiesis by the method of 3Fe (Huff); and

(5) Carry out serum lecithin estimation.

As the result it was found that the post-irradiation fluctuations of RBC, WBC counts, reticulocyte
counts in these animals seemed to be nearly the same as those previously reported by other investigators
(Fig. 1).

As for the erythrocyte resistance to hypoosmotic saline there could be observed only an initial decrease
in the osmotic fragility after 6 hours and recovery after 24 hours. The erythrocyte survivals as measured
by the 5'Cr method revealed that the red blood cells in an irradiated host had no shortening of survival
time in comparison with that of control group when transfused into non-irradiated rabbits, but red blood
cells irradiated in vitro showed a marked shortening of the survival time when transfused into nonirradiat-
ed one. On the other hand, red blood cells from both irradiated and non-irradiated rabbits showed a
moderate prolongation of survival time when injected into previously irradiated animals.

Therefore, it is reasonable to assume that the ionozing radiation effect on erythrocytes may not be
direct but indirect one, perhaps through the variation in serum properties.

The serum iron measurement revealed a rapid decrease within the first 6 hours accompanied by a sub-
sequent increment to 1.5 times of preirradiation level for 24-—48 hours. Relative to the %*Fe injected
in the form of 3Fe-globulinate, the plasma iron disappearance (PIDT 1/2) was considerably prolonged
in rabbits immediately after the irradiation and the plasma iron turnover rate or the red cell utilization
was also markedly disturbed by X-ray radiation.

There could be recognized little changes in the serum lecithin level but a slight decrease (correspond-
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ing to about 10%, of preirradiation level) within the first 1—12 hours, which showed an increment (cor-

responding to 20%, of preirradiation level) by the tenth postirradiation day, and thereafter a decrease

occurred again, which seemed to coincide with the onset of the decrease in the number of erythrocytes.

These results seem to indicate that the formation of lysolecithin, which has tremendously strong

hemolytic activity was elicited by catalysis of phospholipase A. However, it is premature to conclude

definitively the lysolecithin formation on the basis of these observations only.
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P8 0.5mmCu+ 0.5mmAl, FE#ES0cm, (i
JE1.36mmCu, R 72R /min THEE L, Bats
Bz —FELE 1,000R (ZhiiE) £5BHE L
fe.

RBRAEETORE

1) —fikm & UCoRmBRE, SR o
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Tab. 1 Fluctuations of the erythrocyte counts, leukocyte counts, hemeglobin and reticulocyte

counts at varing time after irradiation

after irradiation

pre-Rad
level | 1 | 6 |12 [2ane| 38 [ 5 | 7 |9 |1|u | 16 |20day.
_, | Hemogl. 77 76 73 73 70 69 4| 67 73 64 65 53 60
2 | RB.C 558 521 | 478 520[ 449 | 445 | 490 | 506 512 | 433 | 459 | 306 | 360
‘§ | Reticul. 17 12| 16| 13 10 1 3| 2 12| 18| 23| 12| 18
& W.B.C 7250 | 6050 | 7750 | 14620 6400 | 2500 | 700 | 500 | 1250 | 750 | 600 | 350 | 3000
— | Hemogl. 82 81 80 83 70 70 68 | 68 75 72 70 69 75
; R.B.C 549 543 | 550 544/ 491 | 461 | 527 | 485 485 | 432 | 487 | 407 | 490
% Reticul. 21 30 26 250 31 1 [ 1 17 17 7 8 12
&~ | W.B.C 8100 | 5850 | 6275 | 8400 6300 | 2200 | 900 |1125 525 | 750 | 2200 | 5250 | 7400
= | Hemogl. 106 105 | 107 99 96 94 84| T8 85 76 80 75 80
; R.B.C 633 624 | 673 588 597 | 608 | 583 | 554 564 | 508 | 548 | 483 | 550
'% Reticul. 11 4| 6| 10 12| 2| 1| 0.5 5| 7| 14| 28| 34
~ | W.B.C 8100 | 7925 | 8950 | 5620/ 5000 | 2700 | 2450 12250 | 1400 | 1550 | 750 | 800 | 2000
Fig. 1 Figure of the Table 1 Fig. 2 The effect of X-irradiation on the num-
———— Rabbit 1 ber of lymphocyte and polynuclear leukocyte
iterieeen.- Rabbit 2 (Pseudeosinophilic leukocyte)
—e—s—e=e Rabbit 3 — Polynuclear (Pseudeosinophilic)
e e ~ leukocyte
-:-| ;;;[ — e |Ymph0cyte
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:G_EI? ?4 L i : 70k ///« \\\ i
| @ a0 P G s —
i -:'?:" TN - v
o T
-
e 10 "“*\/\\/_ o
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29— N\~

| Hemogl. | White Blood Cell. |

Reticulo.
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Fre-RAD hours days
TIME IN HOURS OR DAYS

FRMmEROFE IR TR E—BREEI VIAED
I5ARECHEACE LEo#EEY Rel. 28
MERBOLRA R 2R T— @M E 2R, Zh
Xy g aBiciid LIS SIS IR E T oF
FifETe. Fig. 2 it Rbh 50K s T
B2 EmEkoME—F L TEET Ao EL,

fos 6 2224 6 810121408182
Pre-RAD hours days
TINE AFTER IRRADIATION

BIFBERTH D, V ARk &S, B
PANAY £ kg I A

I) FRifEREITCENT

B (in vivo) FRIFHIMEREST o v 2 ied
FEHrRoh 202 RN EE Lic, EREY
ERIE LR Licb oz Hui,

1) FEBHE, BROCHHIhTWSEER
KR+ % AR mERIKST A JIE Lic. 0.60~-0.30
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Fig. 3 Changes in the erythrocyte resistence to
the hypoosmotic saline at varying time after
whole-body irradiation
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SOMMATIZRMER (15°C) wid, Bkt
BO, @ik T ORI Y BIRE R b7
2) FEBER, EiE 12EKES o Bilmbis
(R/NEHUE) 1% Fig. 3wk’ < MRS 6 1
K& b 12/ [HIEE ¥ CIRFUED KR B b 24B5R
ST T 5 . HRIEHE S Ak Ly
AL & $ 2 BBl e —
BRLUTRB L. B, RIDEREFE RSB
24RFRIIC I K R e

1] *'Cr B ERAZ IR MENT X 5 7 ks
fir DI5E

BERA Mo KA —23 B Ml EH %, o
HED b Lic Z 0FEBRE TRk, BT, Bilsshk
SR OIRMBRC 3 B EHEAC X 5 3 o,
VEARMER A D ZE i X B HIEEERIC X B 4 Db
HIRFRT B fo DI AR B FIH Ui .

1) SR EREMOEARIIKDOED T
5%5.

1) JEMSTHRIE X b am, 'Cr B IE MRS
BEEH LD THBETHS.

B —IERBY (AR &mgT

i) RHREL DML “Cr EHFHIERHESE
FCHES Lich o, BE (in vivo) —»IJFBE (B
) g+,

i) JERMRBL VIRML in vito CHEEHE
SCr BEEETVCIERSFRIC 5 Licdb o, B

HAREZBAHRE &M H2TE #95

44 (in vitro) —3EME4 (CRE) LEE3.

) BHRRL vEmL 5Cr EHSBHER
~EHEh b 0. BH-RE (DR Lmgd.

v) FERHFRE L b Bl LS Cr B4 B S5 5
NEH Lo b o, JEIREH-BE (BB Lug.

EERFAT 3TN LS L, BSiEeR L
HHTH%. donor X recipient (35 52 Lo
REABC CRED W LR TER L T~
FZ Y w b, FRIEREL MEFRCREEOKR
D% AV Te. M2 e % i B LR i O %g:
Flic Xotz. $Cr iz Cooper'® oy J5pkic #
L. BIb'sE0ACDRE2m*»R L, “hic
Na3'CrO* %Nz 37°Cic 1 WRILE, 7 A=
€ VEEC TG 9Cr B E - ho% 5ccs5o
BRBCIATBARERICIEN L. —oER, —%
BRI EF15uc D S1Cr RPEH I B H0 Liz.
SRRSO > Bk & b 3.8% 7 =
VERY — & 0.3cck A fo IESHE T T 1.0cokE
ML, FEGHE2AREOMEHEE (c.p.m) % [FH
RHAELIz~= P2 ) » P TR LA D% 100%
& U ORI G R E Lz, chibnfd
B350% & 755 HEOR 2 h T 0 F- 7y (apparent
half survival time) & L jRiEFEaG o 8L L
fo. fl%E iz well type scintillation counter 2 s
AER M BEA . R S Ui

2) EBRHER

1) JESH—IERRA CRHRED (AR oz
M o¥EFd (Ty) & 412, 13, 13 THo
iz

i ) JB4t (in vivo) —JEES (BED © T,
X412, 12.5, 12HCH H{MEE (AR Lo
MC 2L /A e ot

iii) J@g (in vitro) —JE@a4 (CHE o TV,
&4 4, 5, 4HTH AT 2 BiciiTZy
BN A bR,

v) BH—-W4 (DF) o TY, 1323, 21, 17
HTHBER (AR LrEELTVZ.

v) R CERE o T 1320, 17,
190 EHBEE (AT X hIER LT, chb

OFEREIGE T2 LFig. a0l ThH 5.
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Fig. 4 The survival rates of “'Cr-labeled eryth-

rocytes in varios recipients

A, The survivals of erythrocytes from non-
irradiated donor transfused into non-irra-
diated recipient

B. From irradiated donor into non-ittadiated
recipient

C. Erythrocytes irradiated in vitro transfused
into non-irradiated recipient

D. Erythrocytes from irradiated donor into
irradiated recipient

E. From non-irradiated donor into irradiated
recipient
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V] Fe phic X % 35 MmBEAE ORI B O IiiE ko>
LBl % BRI EE

T X 5 3% MRl 2 SR o X b &%
T Hidic ¥Fe IR MBESEEREY TR,
VKRR IR AR, BRI B S
g T aIdeE, L LIBShC X v BMITHENES &
FTIUEMEECZEEIA 05 X OUE Ligyds & O FE5E
Db & CARFERTAED i,

1) 5Bk

i) MmiFgkoER G. Barkan, FARKZE %
AV~ Fo, Im3E2.0cei 1 NHgEEL. Oce % N 2. 80~-95
Ce25syfEmEL, chic20g/d Y 2 wEEREE 1.0
ceR Nz EIE L L 2.0cck & b 0.58 /A7 A=
I VR 10S R T, 08 30mg/dl 7 =5 v b e Y
v, 308 [AFEEEF Y ¥ TSR N2 SR 5 e
TRiEH:, EHEMIEFTE Beckman JEH L ihe T
BEEA R T, EEIZ I IER Ui ERseihfR &
D7 B THE Lie. PFEITE 7 Bk s 4
Lizd 0% Ak A 4 vAsEE R TE -k
A Lic. BRfBg, e, 6, 12,
24RFEIR O MR 2 ~ 3 [/ 8 odElc 7vIRSHi%
100% & UTRERIAET Z §i22 Lic. M, Mo
A B LR — R aTae R b #E 1 B o
BRI Tl & 5 Bt

ii ) SFe P X HEEMATH o BER  FREVY 1T
FIERR G IRAE & 1000 R = 5 RGH% 1 RefEo b o 0
2L Lic., HEGBRMCIE A ShTw’
Huff® o 5 e Uichd, e h
7= ¥Fe oifkEE (P ID) UMM
BliohTL % Fe Btk X v & imee 4 H
EZTAHLDOTH B, MCr & L AT T
RREET X BERIGO 25 o FRMmIER
30ccic. *FeCly & #60uc hin 2 37°Cre304) ki,
ZHEIEFEC S ce3 2 Lic, & ORIy
H OREREILI10ue EieDtc. OB 4 1
W EI DRI A AT\ g R S EE A sk, PR
ISHFE, 2 B RSl USRS i o o BtE
MR BIE Uic, B EHER M © Bk b
0.5ce3 2T WA A~= F 27 U » FEJITE L.
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Tab. 2 Changes in the serum iron concentration after irradiation r/dl

Pre- after issadiation.
\\ el t 6 [z eam| 2|3 a8 05|02l kA
Rabbits
1 215 | 140 240 202 | 201 | 266 | 258 | 198 | 200 | 202
2 175 32 198 160 | 165 | 172 | 165 | 171 | 162 | 140
3 245 100 199 | 192 | 197 | 185 | 258 | 170 | 148 | 220
4 200 | 120 200 152
5 180 100 248 122
6 145 200 80
7 205 50
8 225 198
9 142 165
10 204 220
2) FEERiEER Fig. 6 Plasma iron disappearance time (PIDT
i) Mifgko £ Fig. 5 R B LS I '/.) in irradiated or non-irradiated rabbit
TP 1 R X D Wk L 2 hik 6 ~ 1285 4oy ﬂ\
IR S 75 . E DT BT RUIMETE % 3 2 ﬁ NN
~ 3 BRCRECET 52, BSHIR L RGR h Nt S
PRI S Dleote. Chilgik, BEOHMK | >< e
Tk D BETWRME AR L s SR L. [Bst o N
B gk, 140~2257 [dlickh b, EHEED | \f .
WER L %25, (Tab2) | A
ii) ¥Fe 10 X% gR{AGH o B MmIFRk SR l I R
EROHRMBRFIHRE Fig. 6, Fig7 iR Lz, S
Iﬂléﬁﬁ%?ﬁ%iﬁﬁ (P I D) A BHO P80~ 5 b —DEIAES 110~ 120%CTH % O 1 &
WXL, GBI TIEH 170~ 1804y & 1 L, BFIFEO~0%THD 75 F —~DTD
CRRLCUR. IRMRAOBRALIED T Ly ey a0 2 ~ 3 Ficat L, TRBHRE
Fig. 5 The change of the serum iron concen- 13~5H&BEL T,
tration after irradiatin
_ Fig. 7 Percntage of radio iron activites in
% | blood at varying intervals after irradiation
L?ﬂi .-"za
, “’!f E 120+ . CI .
| L//\\—.u/ \’\__/ gé ‘i‘\‘ ,// ’ ’ o “ non-irfadial.
i §§ 1 / g .+ T B
o 2 E\ ’ / '
| AN
| N

S T
;‘ YR

o e-RAD hours

2 5 0 5 2 VR /)
TIME AFTER IRRADIATION

.__ﬁ_l,...___ L L - SRS L
234 X 2 4 6 & ([ R S
days
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FUTHEXHHE LT Y VEIFARYr T V/ES
valE L ER s iERbE Lo hE T & b iy
LB TREELNETS. #=Y v
D« DWRERE L ERRREEHEE X VR
Ap=) vEERRDvYFVREET A HETH
5. i & v Aok Falch oJjgniciEl
fo. ERAEHE S TEE LRRSHT, MHEE1, 6,
12, 24BRAF O BILE L Eo#F&wikm L, FE
o= ) vELY 100% L UTHEBHETZHZL
Fr. Fx ATH YV A-EDEFA Y « v <iEl

Db AF L.
2) SEEREEE i v v T v OREEAYZEERCEY
LTk Fig. 8 iom Lz ¢h 5. FBEHEE 1 B

HIyvvs vEReeHdb Lo 2~ 8 HIE

Fig. 8 Time curve of serum lecithin after

irradiation
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Fig. 9 Diagram of lecithin and the bonds which
phospholipase catalyses

Lecithin HC— 0 A ocR
Hb— 0B ock
0
e — 0SB 00
o ok

1) Phospholipase A: Lecithin - —- Lysolecithin + Fatty acid

2+ B:Licdn— Ghoerylposphorylcholine + Fatly acid

k)] [ C: Lecithin - —= Phosphorykhcline +  Glyceride

4) [ D: Lecithin  —= Phosphatidic acid + Choline
BB L. FoBEOHA LR o
AR MR O WA & RiE—ET 28 THS.
Bl il U v ViR 1 ~ 6 R E
&g L.

z B

BEHE B X 5 MEEREBHO 55, MmER
B, ~< b2y b UCiE e BRI B
T B THB R, MEFEOETNIHRMmMER
DEBHEEE-FKTHHECHD . AlEREOZEL
TR Z L%, RERLEERCR S —
B EmERE S ThH S . = o EMmERE S mEk
EHROTTHER L 5 & O Tk e < TR o 3
T XA MO RIEHEEEC L5 LD THDB LT
bhTwa®, Zhici B lRkEs 3 E MR
BRI ~5HTHBC LD, EinipEEEC X
530 LHEHERS . S8EImERE BEEmER K
V) VARSI L AR RS L, £BmEk
¥oERE—HTHORXELLTHETHY, #
Fix o b & R oA M7 h T BIXE L
BRE D VRO BHRRSE o fhEw X B RER &
#2 5. RRBOWE, FERIFRIEROW X
DX D BERAB AR IR IO EF AR Hh
BELVIAES. ZoEATBEERI4HEE Th
& Wik EE L20 B Rk CIRSiT oK%, Win-
trobe'® 1z X % & Filidr o AR IERD % D FF ik #E
Z T IR A B ARORE A T 2Rl o
0.83%/dayTH B & LT W55, HEHRBH
Mubges 25 Lic & RE LB oRmEREH L D
BEHXh 3R L RIS 28RS = &
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DB LM HHEL Y, Furth® S A e
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BARTELLEH LTV AHE v Rl BRI m
FEEORSMHCHB L LTw5s. Ll Golds
chmidt et al'” i} MAABEDE T TRD 2 B B
R4 EE T 5 o EoRE T it
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M5 B DJED 2N I HR D Fo I B2 1T\ BBl
CEWEDET S & L% 2T L, Sheets et all®
XF UL FERBE OB T HKMEkD random
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ML X b BB OFRMRCEELWE D
ACFLTRRLTWSEbE25 . BB
& Y ERAHKICHT 5 R mERIESIL 6 BRI
e bRk, BEEIER Do
IRIMFRICTIED A Cletedd ThHH5 & # 2 bh
% . FRMEREFGEIEREL Lo kERSHRc X 2
SOTRThIHEYZTRETZbh TV 3
A%, Bresiani et al?®, Cividelli et al®® 1= x Ji¥
FRMERTEMEA Na* up take J%0t K* loss ) &
WU THLL & RO BBo—izkmEko
R OERC L5 b0 THBELTWS. X,
Myers et al?® i in vitro C#imERZ50K Rad
DR TRk K v A 0%E) L b RS
X AEMTARMIRIE L b D free radical 1z
530 THLEHREL TS, 13, in vitro
THGHE 4 Ol 20 IIE U 7o ARk v Beaoi:
BIEL, 3TCRMiET5 &z ol Bgir RS
RIEWERDTWEH, hbiz4 T in vitre®
B BRRORIFERE LTI R T H %
T E 4 DR MIRIEIE D RITE & 13200507 1R
BB EEhG. XBHEOW ML IMERED
1 & VERED T X B RN LD 1T
5T 5 HED®L 5B TFTHRIZLAS 1,000
R £ & R4 Crait iR mERk B g H ot &
EFE L, BERRCIER CL B Mo GRS X
AT ieiRmBRA ¥ e 4 U - ikt Eic &
YERE Wl D BHER LR Licb o L E 2

AREFHAHRE M H2T8 595

% . BEHERMICIE, S0 X5 inBlAn bEST
B LMD DB ABELSMEE 50T 5. BK
R 78 o 2 0 PR P 5 i 8, 1 (imtrimsic
hemolytic anemia) k SHEMEEmMEE @ (extrin-
sic hemolytic anemia) kB2 RS . FIEAe% S
MERE DRI X BEMITHETH b, Bl
RBDRA LHDORT, BULMBPIFEEE TR D
FRIEREAL D RBEI= & b #2370 LT 2 ke
THH. Zhb Zon Mo FHERED I
RENCIL *Cr BERIRMER D25 #Hi#fiif (exchange
transfusion) 12 X % gRIMER A TIE B2 L FEH
ShTWB2 | SCECHI X h i RmBksEa
VXA DT O FF4r (apparent half survival time)
TH Y Bic Z o FE TR ES & BIET 5 7
DITIBAREA T oS MBEHE 22 EERE K 55
LR E DT B, iy, WELE G
FIEFRMREEOWMA L2005 284, ButHiil
ERBOCHANBIA 23 5 5 B IE BT D FH AT
ML, =oMoBeiy, RMEROZEnFD
FHRERLCHES RS, Ficlim, Hmnso
T DR RMBFBIIRD D % S h 5 B4 b R
FLBEOTHUE S h 5. AR © Mg &
ETHEBIECHME, SiEcEL L OTHY, +
DR B ZAE B O BRI D TREE R
bDTHD. 62T ORIBTHERI R mEkD
%iﬁ%‘iﬁrjﬁpjtqzii[ﬁgﬂ:« # 5N doner JhpX recipient
Z & Aol MPRRBICE % - h b HE kiR
Wil 217\ ARIMERFF O O R B R, SR
LX) ERTHMOFREREILET 5 - LT
ThbHEELD. B GEBH->IERE) ox
T OEFHRXVEIBATHBH, = h ik
8%, Waggener®%:m13~150 & (23 A% 0550
LBbh5. XB4 (in vivo) »JERE D Fhic
BffoA bR &4 Waggener %50 piigh k-
—ET5. ChbToDRBEERO R Sh i
WZ kb, ROESH (in vitro) —JERRsiE 285
IO AR BB & L xRSt BE s R mEk E
L bMRERA OB X b k& o & 2Rk
% . e HRH L HR IR B AT EEEERT 3 &
BT, MBS (in vivo) -IEMBE o MmEkH
b IRGF (in vitro) —3JERES & REEIRSTY
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FERECERZRT OO LBbhE b Th
5. ZOBA, BHxAFRETHOTH in vivo
FBgtE in vitro FASFCLI MR AR RS
BIIELWENSS. L L 1,000RES T
1%, Myers et al® &gtk hAREkEFTIE
MEND - L HER X IR~ D IR O N
KEWEBLhENLTHD. —ic, HEHER
FHE OIS M H3s 0% X 5o U D % Ik &%
TEEZE 5 . 42T, Bg44p#% recipient L
LB i fiid o S IR B 582 % b B R
T, WA DOERTH T BH-BHE, ROIER
- BHBED 2T OEFMTIEEN A D
iz, Zi bk recipient il & B HD
AmER»ZOELBRATHEH5 L E 2L b h
5. X OFEBRFEOFEC RS 4 ~ 5 B
S 100 % #iZ 5 b DB HRBRICH, Zhit
MBShe X 5 M3RE o MAEIHE, B OB EE
DORFEFREPIC X B DL HELTWA. L
AT, BEHER M T RSB mEC RIETHE X
D, ERAOIEMEETHS. choBFRTIX
WL Fe ERACFIA IR TLWB 28R X b
HEIMBEEER N5 Fo by, RPN ComEER
M B RENRDS . AT & DA FE Rk
EAPD Br-/r7 ) vihiehB I VAT =Y
vERESLTmEERE LGRS . Jandle et
al® i W ERR AR R 1328w gk A (iron
receptor)® b %, ZhAMAPOFETITANDS Z
M, tolhABE IS VAT VED
I CHRRNCTh % L Z2T\WwW5h . X Walsh
et al®® D & hiAL% in vitrod BRI
RECHELTW5H2, WAx0ERFChTL, v
Th SRR mMERGIER I B b fEo TR/
WhorBbhs . EHcE ik Eh R Y
Btk o L Lic B ERASE S R T
WElET5 . gk v, kb zhd s &M
DT 5 OREMO DD 7T-AEASB L0,
e 5 b o, MSMEARETA0THD
IR B A 2h 5 b o & Uitk X
530, HEGNHLOL DR ENEF LIS . &
IO feddic 7 — & e ki B il o & i RA i
TNACAREND EHOMIFEHCH 25 2 &M
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TE I WATHMRE & e B DS, ZhbM3Eks o
e vk |3l s aT e fe Alalip:gk  (labile eryth-
ropoitic iron) HH O L7 =) F v, ~E
F 7Y vEORHY & B b WRS D
$hBCHA MFRGE L DRITITH &\ 53980 37, A
KA X B &Ik & ek o e b H R
IR ENREROICE ERTE D, 2o
REREIZTOMATRS L@BE L T\ 5.,
X, e X B L HSHRIRE R O RE TR, BHT
DO~EFTY EEHEXIER X W BIET S L5
DTWA . BT, A R R i hn -3
B L WS5EL BB, T BIRBEHET ~
10HICEH LIRS S D TH ) H~ DEBCIEH
6 ~ 12R§ M & 5 N fe —REAY M3 REE O K T
FFIE O BN I CRBEBMN T X /. Ls L,
FERRR R OV B R ek & gk & DRI b B R
BB o b ORI EEPRE b0 L#EX T
\v% . Sharney et al#™2 3% 5 In< A {ER O
— ML TR e e D F-Ahdk D,
ThBIRBHEIMEL, BITLES LTz o
— R IR T A 2 L1 b 4
NIgDS, PRITHE < MEHIN NS 13 3 mishEm
HE~Eer e v EEADHFIBDHTHS 5
EEZbRhA. L LT & oRimERE F
5 MEGEIEM L EBEh B2 THS . MIFLH
el EE (plasma iron disapperance) PID T1/, 1%
Fig. 6 R IN< BT B T3 170~ 1804 & 3
BHRER LTS, MAcEifShic ¥Fe-7m
7Y R = Mg <o fn < labile pool ~f7 <
b, HEEPRDECHIZEAL L o £
HBHB, THIIFEALEREEED L LT®, k%
HREMDO DD T — M A D FD 5 b BTl
IMEREAR & DA Ehic b oo feed back
5 Eikie\wds B P I D TYddEMRAE © REE
it h B2 THY, EHRFERDOP I DT e
#980~90%3 & iz 3% &G imidla IER T S T
HOLZEREETES. Y75 F—0EIROF
hieES “IIb kb " olvz b X bfkilEk~o
BFALMELYZT D EXERTED . BYT
FIHRIFRICA D ~E 7 0 € VIZHRENSOFRA
M 5 P HHRBH T, Bk
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OEENEBETH D = £ 1 b TRk~
OHFEFFOETEE AL D EHEELTWS, &
OGRS bEMBEEE HEE LD Th
50, THhoREL YHEEIhDEPERE LT
FRMERIA O 5 = & ROE MR EIE O & b
NHEI VEMEFENREZE L 2T B &
b, BEOFHMmMBCRIZTHE»EE s h
72910 Bikon, BRcIUAR®, KEDHEHE
B X ELS BmEHE R Y VY veys vy T
HBHLEBEL TS . —BcigERshc X oT

M OISR RO AR E IS 2 L Zbh T

08 UL, BiREO Vv viclRE D
R4 DERICR T, BHEEERERELLIPC D
TEE RS BEAEA Y e, V¥F viiFig,
QWHbHTML 2 2R, 1 =R, 1=
D=2 Y YEFTLHHEECIhOSRITIE, 7
A7 % VARA—EFOREETS. V)V vvF vk
CRBD5L 7 x A7 A Y A—XADEREZT
THETHOTHED, 20D VUvoF VTlug
IMfFAD B % . Klibansky®® g X %L 73 A7 5
Y S—EARMPEIER &5 ERmBROEKML
FETL, 35 b olAmREFMCERFY 2T
HMELTWE. Befickss ) VY vosvesg
TP HRMERAIZEE S &) VL vF iz
BRI LF O fe b B b % 43 2 23
BAETED, 2 bB&ITAT I voBER
IVEFRCETS L BRRTWS, CoE, FHil
HefiELTwic) VveoF v 7 a7 s vk
19%. voFr vEoBRE R mb i miEEs
LIEBL, VES v T vOBTHEETS. V&
7R T4 VIISEORER L Y E 4 BRI
BRTHBAH WS DR IEOEH—IRIEC X 518
EOEMIC LB L L vF vitd >1.21040 8 5
D, X, TvvrerFAqrdll.21040Eh s &
W5 ) RT e F A VEERS LEATSE
fbo )V E7 v 71 v Fh b L HECRIZ—FH
BT VWESR, VY voF i 77
IVEREAELLTVLY, Z o) AEEAOFEINT
fEHTHD Y RER, TATIV, 7=
7Y A LEL L BREA IR L L 5 S0,
HY, BicHEHBEmIE7 L7 ¢ voEd

H A [E iR S MERE 2T 9%

g LSOO Lk b IS X D A Ui
VSV VFVRTATS vEREEEE LTEEL
Shohoildicoh T« i X WiE mais
FTLHERLTWS., L UEIEE: 13 Ea 0
EirmscBiEchh, vvF VAR 7+ AT
) A HIE L ) SHEHRIh B b Vo F
YOS DHENBEBILY VL VT VORI
ET B ERIRATEETH S . X, SEORKE
LEHEA R T L, Fegibidnc b, %
EUBREONRNEE X X sMELER T b
T, HocEER E i LA WA A ) - TR e
BPICEEA S B O RS AR AE - &

S, RUBRIHRHCRCEE LAY 55
FFo 3 b =2 v F Y 78BS v v o
AN Bz L1 Y, HAHEBE o IR R
BT HEIEBRTREVWEHEShE . hb
EEx RS & &R, BREEO—Rtzhb
DA HB D TRIRIE WD & LR RE
EhBLDTHA.

#® =B

BB Mo S8R g% 3 5 B CTLI Tk~
ZEBETVERE L. EREMACREY A
WIBSHI—E i BB 1,000R  (Ze i)
T2,

L. —fem & UCokmEkE, BmBRg, @
RfRmER, MmEdER, ~< b2V b oREHE
B, FRSTHRE 7 HEL X b MR b3,
Z ORFHTE, MRARmERC 2 EEO# A R
o, FMERECCR, JREER 6 ~ 128 M 1o —ii:
WEDD D OBEWTIY Lic. = offf@izR
FHRISHEF TRV 2. ~=F2 ) » FRUME
R, SRR I B e BT Ao T, i
BER PRGBS HE T T2 bkt

2. FRMFREHOLEE . EEEAEAKCKT 55k
IMERIEHUENE RSB 1 ~ 6 Rk L. &
DR 24 B IEF EC R ot

3. ¥Cr FEEoR MBI X % Rk
ME T, BEFEL DBl 2 iodkmiko Ik
BRHEREATOREIHBE L o i 2 5 7
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