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The Study on the Ferrokinetics and Acquired Immunity in

Repeated Hookworm Infections*
Munho Lee, M. D. and Pyl Ung Lee, M. D.

Department of Internal Medicine & Radisisotope Clinic and Laboratory,
College of Medicine, Seonl National University, Seoul, Korea

In order to confirm whether acquired immunity or resistance can be developed by the repeated
hookworm infections, the 150 mature actively moving filariform ancylostoma duodenale larvae obtained
from the severe hookworm anemia patients were orally given to 8 healthy volunteers in three divided
doses, 50 in each, at 5 day interval. Also the hematological changes as well as several ferrokinetics
using **Fe were done and were compared with 10 controls. .

The clinical symptoms and signs were checked every day for the first 3 weeks and then twice we-
ekly until the end of the experiment. The appearance of the ova in the stool was examined by the
formalin ether method and the ova was counted by the Stoll's method.

The following laboratory tests were done:

1) Red blood cell count, venous blood hematocrit -(micromethod), hemoglobin count (cyanomethemoc-
globin method) were checked every 5 to 7 day interval.

2) Plasma iron concentration (Barkan’s modified method) was determined every 2 to 3 week interval.

3) Radioisotope studies:

a) Ferrokinetics: Huff et al and Bothwell’s method were applied.

Ersiropsie Tnes (¢ of rosma = St turmver 00 whle a1t

b) Quantitative measurement of the gastrointestinal absorption of iron: Radioiron (*°Fe) balance
method was applied.

¢) Determination of the plasma erythropoietin activity:
Fried’s method was applied.

Following were the results:

1) The serum iron level was lower. The red cell voiume was decreasad, but with relative increase of
plasma volume.

2) The plasma iron disappearance time was accelerated and the plasma iron turnover rate was de-

* This investigation in part was supported by the research grants from TAEA (Contract 249/0B, 249/RI/0B and 249/
R2/0B).

A preliminary report of the work was presented to the 19 Annual Meeting of Korean Medical Society (Nov. 1967), 6th
Annual Meeting of Korean Society of Nuclear Medicine (Nov. 1957) and 7th Annual Meeting of Japan Society of Nuclear
Medicine (Nov.16—18, 1967, Tokyo, Japan).
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creased. The red cell iron turnover rate was markedly increased, while all of the red cell iron

concentration, circulating red cell iron, plasma ircn pool were decreased. The daily iron pool turn-

over and red cell renewal rate were increased.

3) The erythropoietic index, erythropoietin activity and intestinal absorption of iron(**Fe) were

markedly increased.

4) The infectivity was 9.821.31% which was lower than that observed in the single infection.
5) From these observations, it is concluded that the hookworm anemia is essentially iron deficieny

in its origin and some immunity acquisition is possible with repeated infections.
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WRHE H Fk
1. HREHR

D Hglifriie] ABBAERHSE = Hmd TS
T B fEd do] dlv 25mEH DEAAY K
ABT 844 HEBS I

HEREPATT g1kl A4 i e S FRET
B KT BFes #Hl ¥ HaFERY =

HEL 4 g& £ otelet BHEEEH HREFFE
do] ERfEC]l Yl eBSEA EEiA(E 10 BRI bephe-
nium hydroxynaphoate(Alcopar) & {#fstd T2RES
el REEE shsleh

HMFo 2 MmikEel EWol T syldel KREe o
£ BRT RABTOO~38E) 104¢ BiEsld Hie
Bzstal e,

2. FREEFE

EHET AN AdE BRoz 33 ohgd op
=iargel 15mg HE 20 mge] chlorpromazine € #igg
EHE % ohest 2L HEeE o FHE B
shgl et

AEY #Be FEE 47 Sletd BB FRslE '
B e JEAE'S1SY (filter paper method)$
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cm)ol] 12emX12cm 279 {BHE JA2Ao 2 o
Y B SytiEE s AES BRG] gauze 2 &
d st 1 EETE B BAste (ot
3emrbebdzl) BMESGE YFERoz Ao BAEA
&e Forel Ml FEE FHAT & 5 20mlY |
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3. ¥Fe E#E
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o E2AYHE A =: REE 12~14EAA 1
Es HRmste miEE SEEAYI T &0, ffE, MR
g §Ei#iE 2ml S well type-scintillation counter = 2
&1 @Estd cpm 2 FRSH

4. Ferrokinetics FTE%

Huff*® 523} Veal & Vetter’™® 8] iAol #Esbgl et

A) [¥EiE 4 (Plasma iron disappearance rate :
BT PLD.Z B

HEHS 1R LR 4~5E e [AEsR A2
SFe YiEA i & AEEUEE b sty EAT
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9Fe o #EH4tEEe] (time zero on back extrapolate) 50%
2 FE s BiE SEMR HEslg

B) mif&7s#z(Plasma iron turnover rate : LI P.
1T.2 g3

P.IT. (mg/kg/day)

— Serum{mg/ml) XP.V. (ml) X0. 693X 24 X60
- P.ILD. (min)XBody wt.(kg)

P.V.=Plasma volume
C) 1 BE S 28 (Daily iron pool turnover: D.
LP.T)D

D.LP.T,=-E-LT. (mg/day)
iron pool (mg)

D) Mm#EEr< {(Plasma iron poor; P.LP.)
P.ILP. (mg)=PV(ml)XSerum iron(mg/ml)

E) sRfEkEFI B2 (Red cell iron utilization rate: R.
C.1LU.)
R.C.LU.(%)

— Red cell *Fe c.p.m./mIXR.C.V. (ml)X100
Standard **Fe c.p.m. /mlXinjected Vol. (ml) X 100

R.C.V.=Red cell volume

F) #IMEREFEEZ(Red cell iron turnover rate: R.
CLT.
R.C.LT. (mg/kg/day)
— PLT. (mg/kg/day)XR.C.LU. (%)

100
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Table 1. Hematological data in normal subjects
Case Age Bodgl,; \ R.B.C. lz Hb. Ht. Serum iron Blood Volume
weight . Total blood | Plasma vol. [Red cell vol.
No-\ & | G (mill/mmd @D | %) | @A) o Cee/ke)l Coeske) | (eo/ke:
1 28 58 5.2 | 153 47 114.5 73.8 43.5 30.3
2 35 55 51 1 15.4 47 110.5 76.3 45,0 313
3 | 25 53 4.8 14.8 46 121.3 76.6 45.8 30.8
4 2 55 4.8 14.5 47 110.5 85.2 150.2 35.0
5 27 54 5.1 15.0 48 92.0 76.1 4.2 31.9
6 | 35 53 5.0 15.2 46 106, 0 84.4 50.5 33.9
7 29 55 4.9 14.8 45 110.0 79.9 48.5 31.4
3 32 54 4.8 14.5 43 95.0 78.2 48.8 29.4
9 31 50 4.8 13.8 4 91,0 69.8 43.0 26.8
10 | 26 52 4.9 14.8 45 93.5 74.1 45.0 29,1
Mean 31 54 4.9 14.8 46 104.4 77.4 46.5 31.0
S.D. 4.1 20 | 014 0.13 1.4 } 10.51 4.5 2.6 2.2
Table 2. Radioiron Data in normal subjects
Case l P.LD. (T g P.1.T. R.C.I.U. R.C.1.T.
No. | . |
> 1 (min) e | RS | mg/oghr | 10mE (%) |(me/ke/2ebr.)]| (me/28hr.)
1 85 1.42 | 0.58 33.6 0.71 82.0 0.47 27.3
2 100 1.67 0.49 26.9 0.59 815 0.40 22,0
3 95 1.58 0.58 30.7 0.69 80.3 0.46 24.4
4 118 1.97 0.41 23.0 0.50 78.9 0.36 19.8
5 78 1.30 0.52 28.1 0.61 82.1 0.42 22.7
6 73 1.22 0.72 38.2 0.78 80.9 0.59 313
7 86 1.43 0.62 34,1 0.70 0.1 0.49 26.9
8 90 1.50 0.51 27.5 0.60 82.3 0,42 22.7
9 75 1.25 0.52 26.0 0.68 83.2 0.43 21.5
10 83 1.38 0.50 26.0 0.62 80.9 0.41 21.3
Mean 88 1.41 0.55 29.4 0.65 81.2 0.45 24.0
S.D. 12.7 0.21 0.07 4.21 0.075 1.19 0.05 3.75

PID: Plasma iron disappearance rate
PIT: Plasma iron turnover rate
RCIU: Red cell iron utilization rate
RCIT: Red cell iron turnover rate

Al AT 1049 ¥ MEBHHT RS “Fed 8
% ferrokinetics FURMAR P B E HERES 4
7 Table 1~4 9 2}, B) FRifikR, Mm% 2 hema-
tocrit {H] ZEMHEE &% 4.910.14(m), 14.840.13g/
dl 3 46+1.4%0] 9}

mESS THEE 104.4+110.51 7/dl o] =] ¥Fe & 4
st - miEESE KR8 hematocrit il —%ET =
7 FR#20.96X0.9D 5 Fito
< BT Q& ROKE U SRR FHE:s &

1.8 true hematocrit 48

% 46.5%2.6 ml/kg 31.0£2.2ml/kg ¥ 77.514.5ml/
kg ¢l =,

¥Fe B I ferrokinetics T 3Rl | MifESALEE
(P.LD.: T/> 8 F5E+E 88112, 7 minutes(1. 4610, 21
hyelz [m¥gHAEER (P.LTOY FiEE 0.5510.07
mg/kg/24hr. (29.4+4.21 mg/24hr)el T 1 BEIE]
38823 (daily iron pool turnover)s} [M#EE = |(plasma
iron poo) ¥ %% 11.4+1.78 = 2,621+0.36 mg o1
t},
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Table 3. Radioiron data in normal subjects
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Table 4. Radioiron data in normal subjects

R.C. .. ieti :
CIFI?: (E:i g(_‘, (m(; ./R. I. {P.1.P.| D.I. II{ g (Iilase ErYtilxll?:;mwi Ery};a}gg%;; m ngb:cfwgiﬁn
ml) kgj (mg)| (mg) P.T. |(%/day) 0 (9 of normal)i ( uptake) € dose)
1 1,11 | 33.6 | 1,949 2.88 12.1 1.39 1 109. 2 5.5 36.5
2 1.10 | 34.4 | 1,892 2.73 9.9 1.16 2 90.7 3.2 32.8
3 1,09 33.6 1,781} 2.94 10.4 1.37 3 106.1 4.8 30.5
4 1.04 1 36.4 | 2,002 3.05 7.5 0.98 4 76.9 4.5 26.5
5 1.06 | 33.8 ) 1,825 2.19 12.8 1.24 5 93.8 6.5 40.5
6 1,12 37.9 1 2,009, 2.84 13.4 1.55 6 120.0 4.0 27.8
7 1,12 1 35.2 11,936 2.93 11.6 1.39 7 i 107.7 3.5 45.2
8 1.1533.8 [ 1,825 2.50 11.0 1.24 8 92.3 4.8 28.5
9 1.07 1 28.7 | 1,435 1.96 13.3 1.50 9 104.6 7.5 39.5
10 1.12 | 32.6 | 1,695, 2.19 11.9 1.26 10 95.4 4.5 37.0
Mean | 1.10|34.0)1,8%5 2.62| 11.4] 131 Mean | 99.7 4.9 34.5
S.D. | 1.03% 2.30] 163.5) 0.36 1.78 1.27 sS.D. 11.57 * 1.25 5.91
R.C.LC.: Red cell iron concentration
C. R. L: Circulating red cell iron Dischler’®##ik o 2 ¥Fe & FHT BENBEMESL 2
f)IIPPT %:flt;w;r:)r:npgg 1turnover " 34.545.91%1 5=
R.C.LR.: Red cell iron renewal rate

FLRBFIAR R.CLUD FRAFREZHEHRR.CL
TOH8 FTHEE 44 81.241.19%4 0.4510.05 mg/
kg/24br. (24.013.75mg/24h)elek, 1 BiRMBET
A Z3(Red cell iron renewal rate: R.C.LR.), 758 m=k
£ (Circulating red cell iron: CR.LR.) 3} sRifiFREiaE
(red cell iron conc. R.C.I.C.)LE £4 1,3141.27%/day
1,8351+163.5mg (34.0+2.30 mg/kg,) ¥ 1.1011.03
mg/ml o] 9o},

Bothwell3¥ 0] #1455 ¥ M A% (erythropoietic index:
E.L) 2} Fried®d] {&3F erythropoietin {EiEEE £%
99.71+11.57 (% of normaDz} 4.9--1.25(%)elg =

I s

2355 %8 0 (T 26 BO7FA Y mgFel EEL
BEERAY HESE 84 TdA LM% HEkes Ade
filariform & #EEST JREE Ha = B8 8~12
Bkl £E BBe BRslded o BEBRERE 24
Table 5~8 3} e}, Fl KifiEk, Mz 2 hematocrit
189 FHiEE £4% 4.03%0.03(m), 11.020.86g/dl B
354-2.3%091 9=t

MFEEEe MitE, FnRE @ AnKEe 29 &
% 69.3:16.217/dl, 493, 4c.c./kg, 21.3%1.2¢c.c./kg
9 70.2+3.4c.c./kg ol gt

Table 5. Hematological data in infected group with infective larvae of ancylostoma duodenale

Case Age Bqdi’lt R.B.C.| Hbh Ht. Serum iron Blood Volume
€1
No| & | G® (milymmd) @ad | o | ap |19 Hood]Plasma vol [Red cel vol

1 25 53 4.0 10.5 34 67.5 63.9 45 18.9
-2 28 55 4.3 10.5 35 63.0 69.0 48 21.0
3 25 52 3.9 10.0 30 59.8 75.7 56 19.7
4 24 50 4.0 13.0 37 75.2 69.3 47 22.3
5 23 52 4.0 11.5 35 65.2 71.9 50 219
6 27 56 4.1 11.0 38 78.0 67.2 45 22.2
7 28 57 4.0 10.8 37 69. 2 67.8 46 21.8
8 30 53 3.9 1.0 36 76.5 71.4 49 22.4
Mean 26 53 | 4,03 { 11.0 { 35 \ 69.3 | 70.2 49 21.3
S.D. 2.2 22 | 003 08, 23| 62 3.4 3.4 1.2




—M. Lee and P. U. Lee : The Study

on the Ferrokinetics and Acquired Immunity in Repeated Hookworm Infections— 167

Table 6. Radioiron data in infected group with infective larvae of ancylostoma duodenale
Case P.I.D.(TH | P. I .T. R.C.1.U. | R.C.I.T.
No.| (mim) | (he) | B2 g oghey | W MO0BE T () [(me/2ubr. /ke)| (me/2ehr)
1 65 1.50 -0.46 24.4 0.69 85.3 0.39 20.7
2 60 | 1.00 0.50 27.5 0.68 87.8 0.44 24.2
3 58 | 0.94 | 0.57 29.6 0.72 92.5 | 0.53 27.6
H H
4 67 111 0.52 26.0 0.71 90.2 | 0.49 24.5
5 60 1.00 0.54 28.1 0.65 91.2 0.49 25.5
6 71 L15 | 0.49 27.4 0.68 | 9.7 | 0.4 24.6
7 72 1.20 | 0.44 25.1 0.61 89.5 | 0.39 22,2
8 68 1.13 0.55 29.2 0.72 86.7 0.47 \ 24.9
Mean 65 | L3 052 27.2 0.68 89.2 | 045 | 243
S.D. 4.9% 0.15 | 0.04 1.7 0.04 2.18 | 0.04 | 1.92

Table 7, Radioiron data in infected group with
infective larvae of ancylostoma duodenale

Case 1}:8: C.R-I. |P.I. P} D.1. %:g:
No. (ﬁﬁg (mg/kg)g (mg) i (mg) | ((1:/‘;3
1 l1o5] 19.8 | 10e9| 1.61 | 15.2 |1.96
2 [1.02] 21.4 | 1,177 1.66 | 16.6 |2.05

3 |1.13| 223 | 1,160 L.74 | 17.0 | 2.38

4 119 265 | 1,325 | 177 | 14.7 | 1.8

5 11.12| 245 | 1,274 1.69 | 16.6 | 1.99

6 10.98| 21.8 | 1,221 | 197 | 13.9 |2.02

7 |0.99| 216 | 1,231 1.81 | 13.8 | L8l

8 |1.03] 231 | 1,22¢| 1.9 | 147 |2.03
Mean | 1.06 | 22.6 | 1,208| 1.78 | 15.3 |2.01
SD.|0.07| 193] 77.1 '. 0.32 | 1.18 |0.16

Table 8. Radioiron data and infectivity in infec-
ted group with infective larvae of
ancylostoma duodenale

e | Eopois R Ee oy | Infot
No. | (RBC Fe | (% of | ton (% of sity
) No. | uptake) i normal) | oral dose) | (%)
1 12.5 106.1 | 485 | 10.2
2 10.8 1046 | 525 8.5
3 12.0 0.8 | 60.8 7.7
4 8.9 109.2  58.5 12.5
5 14.5 100.0 | 48.5 9.5
6 13.0 1046 | 63.5 10.5
7 10.5 93.8 | 69.7 10.2
8 85 | 110.8 o525 9.5
Mean 1.3 | 105.9 56.8 9.8
S.D. | 1.88 3.49 711 1.31

$Fe 2 {3t ferrokinetics = 2w MIEHIEEEE
(P.LD.: THS MEEHTHELE &4 6514.9 (min)et
0.5240.04 mg/kg/24 h (27.2+1.7mg/24h) 1913 18
B 1782 (daily iron peol turnover)s} MiiFi
(plasma iron poo)fE+ %% 15.3+1.18 = 1.78+0.32
mgoloivh, FROFREFIFAZE (red cell iron utilization
rate) 9} FRIMEREETE 2 (red cell iron turnover)$] i
i %% 89.2+2.18%¢9} 0.4540.04 mg/kg/24 h(24.3
+1.92mg/24 h)el 9l = 1 B AR MERERFT4:2E (red cell iron
renewal rate), 5Bk (circulating red cell iron)
s+ FROEREUBEE (red cell iron conc.)®) FIHEE &%
2.0140.16% day, 1,208+77.1 mg (22.611. 9Bmg/ke)
2 1,0620. 07 mg/ml o} gi vt

& it (58 (erythropoietic index) 2} [l 2l 22 F ool ¥l |
(erythropoietin) HXEE %% 105.913.49(% of nor-
mal)s} 11.331.88%¢14l 2 #i(®Fe) BkZ-L 56,8+
7.11%¢°1 9 ¢t

A.dd fFHRY Ko 12EUE e mRENE
#20] Zu v}-% bephenium hydroxynophoate (Alcopar)
2 @t Hhlsl = REBE Bsle SRR
skl el AEBRIES R 9.8:1.31 =

z B
#RES ABR ‘552'3‘ i ARES
Zre] Ax geovk X HEREES HHo=

ﬂo]m‘ el FatE {FF3r 478 ferrokinetics
| BHEE ﬁ,ymx Layrlsse Roche, > Foy,

0/ 61
70|

o

=

i Rabif il X5

E

5ol =
THE
T e 1.

LA iy

Kondi,® M%W;_— Ad. 75ZE NaE {fHst fer-
rokinetics & B2 AAY ICr & {fﬁﬁ‘}‘ BHnES
HisES A U SR HES BEsd S w4l
o},
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1940 OFe, 5ICr & AT BERAN ATH -

o2 £8&% Ad9 filariform F¢ HBEEHS 2E
sto] ot BAsE BRFTRS 48 mEgsl
RS BRMEST o Aok

g fychfEe] ERY hE BRI BYER HE H
HiE vl B%d BT HEe LM vke el
A= Foaj~in f-ElAe] R4t (Ancylostoma cani-
num)¢ FHT BWERCE REHASHEERNA 9
ERERE ABRHRES BsE AL #H BE
it MEE WA Faln EHBY BHE 98
A AHgihiEd #HY EBmd #REE st
AL EfEsc A4,

BT wks) o) SylfFRe ABBLERWEY B
Wk iy oele 18864 Leichtenstern'®o] £
e ABRRRERS BRI AT Looss' e HEER
2B RG] BOra S BWE o g9k otk =
BABEISBZd ksl Ado] BRECH, mgge
Bk, B BT FREBLE 8% ARAA BOR
RERS sho] #HET ok el LIS ABE#H
BRERS KEH A BRI —EA) T4+
MR FRY B~ S%st 59y 2
lebel 2l 7h) gsfFae] BARKES AR BBl
AR 2 BEAFRE RS RERRES il
2T TE#S e S0 gilie] vt = o= w &
ol ERAY stelels kFHHY ke Add F
'E\ B—fRese] gymiie]l e g8 fERes e
vt mEHA BT Aolx gtBAmel mER £
e A4 SRS £29 B ferrokinetics 1}
ERG HE a4 gl MEH T 9+ BEREA MY
ERL Kifs wmoset

EFEL VR AdfFRY REREES Jehie f
HHe #hel &1 ferrokinetics ¥ RKhzELe X
HRM B Rse woie)

EFBERRAL HEH 1049 BERY Sl 4
TGt £ ferrokinetics & sl A= e}
Z}, g

HEH ROR, AMER, mA% 2 hematoerit F
HEAY EREGE® 29890 kite —gae 2
4+ dgth

$REES JH BEEE TR shuel gmikg o)
FERHANAE B 4+ dgond R, meaE 2 he
matocrit {7} 25 B ok, FW0%e] TR 7
= BB ket Q12 mEE v £EF Bmifgel
Bere By g BT BifRtke] oA oot
A4 HE®E YCrd& FHst #1061
BHif1E 0.03~0.07ml/H/H$ FEH1D40 (, 13~0,73

ml/ B /58 (&F# 0.30 ml/d/worm)-& = Layrisse, Roche,
-1 Foy, Kondi?% MM #%EE nmslty grh

SRR MBSEYE T4 104.4410.51 p/dl 2 240
o] HEY BEA EHMEQ 126.35112.37/dlev
B BT 104~121 7/dI(114. 1/7/dD B EF &
o0} W5 Hag 111.1+18.15y/d1 o LI WE
g 5 F2 Yvh

BREY nESES EESH Bsder olsiz
_% &E% $,14,15) WE’IS) Roche’ﬁ"ll) FoylZ,AZ)%Q‘ %B
&% v} ok, B FW0: BERsmE 1 BREAE

- & 1.20~3.89 mg/day (F# 2.02mg/d)olet G

Roche® 0= RS kRS 2.74~21.34mg/H,
KRS RS 1.80~16.24 mg/H, Farid%*®+

18 ®EkEel 3.56~9.94 mg(Tiy 6.06mg) KE

17% 1,000 59% ¥ 1 HEARES 4.47 ml(£1.6
mDzlz 5T o g,

mEEE 29 B vhs gol ¥Fed A o
o fiEEe Mo = st FKIAEIR hematocrit fEol
gt BERES Fitd 92 HENA FhkES
sHsig =

Chaplin,*® Gregerson,*” Fudenberg,'® %, s
ol olv] BB vlel o) SCr-fRiMERES PFe- ffifE
Bl A %% venous hematocrit S st BT
Mg “Cr-FR MBS “Fe-M5EES AT true whole
blood volume sh A @& ZR7F gom ol 2L
E£RE hSAFES BAMEN A FRMIKBES £
R fk%+ P8 venous hematocrit {9l true (whole
body) hematocrit fEi2}¢] Fikd HHEstE Aoz ¢H
= olch, 9L UCr-FRMEES *Fe-MmBRES fE
true blood volume &} FEiEL 72.6 ml/kg 24 5ICr-7k
MERE Hifgel 4&e ZmERe FiHiEd 70.5ml/kg
2otE #Binsel 93 Fe-miRE-Ht ffol 913 2KE
o) gl 73.7 mi/kg nekE s o dvha |ET
op glow] el BB MRS 77.4+4.5mikg
o= kiau o9 EEMES A —FERE £ 4 d
gk 28w SC0r & RS @& P9 70.93%6.35
ml/kg b= EF Zoml ofA-& Meyer,® Prentice,*®
Brady® 4£) $gIEE vhsh 2ol RMIkES HlEo = T
MFEEe MIEES Hite s 3 MEHERTL 10~167°
% Fe Aol Fi@olrh, 2 o] E LT hematocrit
B EEpel mE sl BIEPRA2 9] hema-
tocrit EE 2A 7] Ak 0.96 THE 0.91 & FFeo
24 true hematocrit {Eo] HLMEES Q-2 4+ vtz I
T}, 39,46,49,5 40 0 4500 EAE A Pl A SICr &
Hild %4 69.8ml/kg, 70.1+2.2ml/kg & = &2
7o #HHEN A Evans blue & St 68.43-1.5ml/
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kg & HET o+ gleh FEHOL MED Fe-mifE-He
HEe® fMEERct £4 2L LT HEE B
A —FHH = FRolelx sglsh. “FeliEEs BIE
FREIZ F% hematoorit {2 3 2 “Fe- R MREL &5
46.512.6 ml/kg &} 31.0+2.2ml/kg & T %o
B KRR —5=sh. AR nEEE 29 he
matocrit B8] B2 AT RiRES 2z migEe
RN 2 fanEs BT 2 £ gt HEEp
of ftete] MMEEAN e EHEL 2REE £ 4 Jgvh
o] 9} 2+-& FTH-L Roche,!® Layrisse!®7} 4mtE& o)
A RES 0 JT e Tk i)zt 448 B
FHOEMEZD A Q.o HRIVY B gEst —HR ok

¥Fe & [# %t ferrokinetics & ¥ ¥WMREES) Mm%
HEHEPID): 88112.7 4528 HFEY BUEsr K
2 —EF} B0~ misiaRass nw HER
ol A& 0.5510.07 mg/kg/24h. = Huff3®£9] 0, 35mg/
kg/24 h 1} Elmlinger, 60 2622£8) (), 42~0. 45 mg/kg/
24h 2} 7k Eou % Weinstein®® 48] 0,55~
0.52mg/kg/24h, Layrisse!?4$2] 0.63mg/kg/24h ot
A¢ LT EE deph T g
HHIERETS MRBIEAEE Y HESA Ese A
o MREEERL BN Ad e HE ud F
I g

Layrisse, Roche,'? Z%,5® Bothwell,’® Weinstein,t®
Crosby, ” i1l ® K, B~ %2 PIDY s
HETg e PID Y Efe HBilshe FBREFmE
2 sl Zo] Hind) RZEES: Ak BMEZ A mS
BT pattern o) 2}a gt PIT & FAEBHIA=
EFEERNY 2.2 Roche, Layrisse,!? Hahn,® 2 62
%% KM, Finch™ &L PIT 7} ®ingrets fEsin
et Mo BES =8} PITERY =% EF W
B ET @k 59 98 FiRs £ 4 dokz g+
o] 4722 RS BfL Bothwell &8 fiFdiE T
i o EE EREsl liEsty @t = B
IREHARE Arolol #89] turnover FUHES A A &+ glof
PID Big IEfEsl a7l ofed g 7igeiztx gl M
524 pool (plasma iron pooDfEiE 2= ¥R AE
2.6210.36 mg 2 #°7F EHRI 2.60~3.3/mg (3.04
mg) Beierwaltes,®” Szirmai’?¢] 2,.4~4.6mg s} ZAt
g 2dFn ook, SHHREEFS] plasma iron pool £
1.784+0.32mg 2 2 @EZHAfelzly J45E
RO AT BEYD BB AREHEAAE 0.48~
2.44mg (1.52mg)E HRHFR- HESA KETRE
E 4 4 BAYE 0.64mg & WAt vk o
e K o) MiFBES Bt B HHM
ot gk, F 1 8FH i pool ZZEAS (daily iron pool

turnover)& 8w EHEMHA AL 11.411.78 2 %Y
8.16~12.37 (10.78) J4E Szirmai’®2]- 9,6~15.8 {E7+
FRFE £

BT SHBREHA AR 15.3311.182 ™Y B
EWEIEY ARZHENEZNA 4 18.1~72.35%
Hn shhRmEHNA Q2 34.3~23.851 o]
25 EEERS RS JdeE £ 4 gk

ghez AHY AmE BAY HEES NFEE 8

£ st plasma iron pool HEE7F ETFSe} 1H
J {EfE £ BEY BEE BERAA REe #E
£+ Botst A FEEA A FlAY 4 dl 9o
] w}2}4] daily iron pool turnover + #{EFfE vl FE¥
A ERE ew HERR,

ZARIMEREE (total red cell iron)& ¥ o) HEBEA A
£ 1,8351+163.5mg (34.01+2.30 mg/kg) 2 BA S
2,483. 1 mg, &P ¢] 1,951~2,514 mg (2, 292 mg)} Szi-
rmai™®@ 2,450 mg 2ot FT AL HE v Fa e}

$RAER A+ 1,2081+77. 1 mg (22, 611.93 mg/kg)
E BB Y 1,390.9~1,400. 7 mg v} 409 WG
HRMEHS 593~2, 153 mg(1, 477 mg) &} 2ol HREH
A EFEect EESHA Bl glos oL syl
ERA A SR E T Bt gdeovt miEE
winet FfrkE, MAFER ¥ mFESEY Hoda 2F
epar 4 A=l

FROBRGAARE 2 HEFNNAE 81.241.19% =2
252 (80.8%), #'Y (83%), Sarmari” (83%)8 AH
${lstcl. Bothwell™-& (90%), Beierwaltes®® 42 (83
~100%), Finch,”® Gibson, Peacock™ -2 63~83(74
%)& Weinstein®® & 86% & #E% # g3 KE® =
92%, Aschenbrucker %-& 83~100% (95%)% ¥
BREL #ET Yk

SRFERES] RMERBFIEES 29 89.2142.18%=
HFEER T Bipsle geod 2 BRSHAmER
A BE092%), F (88%), FE™ (97%), KH (100
%), Layrisse, Roche!® (83~100%) % Huff,%? Both-
well,® Elmlinger®® %3} 7o} 2% i@ins FIHEE
&1 glon EimAEE KEz Ame EES FAT
TL ¢ 4 9lvh. Hahn,® ZE® o] ik vlel 2ol
et 2 g AmAEA A= B EATR
B KEFHL FHiMIERe incorporate gheia A AElct,

FMBRBEEES 22 B AL 0.4510.05mg/
kg/24h (24.043.75mg/24h) 2 ZEP (0,25~0.42
(0.36)mg, kg, 24 h, Huff?%8] 0,22~0.28 (0.26)mg/
kg/24h, Elmlingers® 8} 0,21~0.26 mg/kg/24h =}
ok7k .o}k Bush 5¢] 0.43~0.72(0.53)mg/kg/24 b £}
A8 e EE 2 Fygch. ERB RORTEES
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B 0.4530.04 mg/kg/24h (24.31+1.92mg/24h) 2
HEHI A 2L fleld #Y¥Y 0.45~2.07(0.99)
mg/kg/24 b E A3t Hahn,®® =52 Bothwell,
Elmlinger,® BE5Y &L n 5% oz AL #Hi5s)
I gtk ol ghrE ERE ERMAAY SZHZiEst
aekA EEEA god B8R e,

Bothwell'® &:2] Eimigee HEseol EEscx
BEIARE & RE (erythropoietic index) & ¥ HHREfo]
99.7111.57 (% of normaDqlw] T3te] EEE A=
105.94:3.49(% of normal)= Bothwell, Hurtado %
4 BEZHAMBEANAY 45~219 (139)% of normal
oL o] RS HRZe) d& HolE LRYE 2 4
ek,

FRAERS] 4RSS erythropoietin o] 2t fEetE &I
HRTY FEE REYE-S Bmel EEolH erythropoi-
etin-& 4:#80 MEFTEE ol 2 FiEE HE 4E
o] FAEIR I sle] B AMAF erythropoietin ik
Y BMLE dod AL BHIA HEE + don
old} BT = A A ch(Schulueter,’® Plazak,™ Fr-
ied, Van Dyke,” Naets,® White,s0 tigs?), o)
SRS B erythropoietin fEHES vd &%
4.9:£1.25% 9 11.34+1.88% = B mBtel 4 @A L
Fejol glod olehe WRTHAMAS LAEE o
o] STl el 9)t}(Nakao,? Plazak,”® Frieds®
%). ARB=Z erythropoietin E{tE L AMme BE &
9 fERRE R FI gee & 4 glth

BURiel BAE BRES »9 BEM A9 *FeBER
B 34.51+5.91% 2 2,5 Bonnet,® Keiderling®
&9 BRiEs —3ael. RfF SAERY SFe BikAE L
Hw 56.817.11% % HEHER Y BB Bimsld g
L2n] o] oL FE-S #E, ' Crosby, Bothwell,’? La-
yrisse,»!’ Roche'® 2] ol JT{LIstel. Crosbys”4&-&
Bzt BEdqAe] #uElt 2 plasma iron kinetics &
BEstd @Rike BERSY B AL42 Winste
BERS LEdERS BaaEe Blks £hie
bl 7bA BER HES ey slg e HEYE fdi
BfiBEAA BHE KOk miFgEd kRS
BRIgn FEL MBEES R dd= BERe
BB EARORET REE BMES Lot $yEikEm
ol A8 FREERYE Aotz BEDR ek §F Tri-
ncdo®™ v} LRI &L gyt Amel HRirEe) (KT
o] BEY ERE Jovt BRUERST don @ge)
2 vk 28 BE, Cruz,” Layrisse,®~!? Farid
I So] ET uhok xbol SRiEAM-E HRY HEd
el E GENRe s Ame XET + gz #E
T AL FES BEERT 9o A4 7Eske Ao

e 4 A=},

SEEROl A i) BE NE FEHME e
YERE BANE Bl SHE ik BAZAF A4 &
o,
Bl 5e2EEdo = ol & Phgl (Dubini RE) S MEE
o MEHIEE W s 2w BphEcl B
o2 B EflA e 2 nEREd BET B
b Qo HiREUl iy A4S B AE meR 2
ESE Hx 3e ER/ 9ee odRYH od
A 9t HEolch 2al ohizh AET glol HER
HEEAYSS Bk A0S ElT £HY 45
RE= &t Biil 4iEie & 4+ 9

HIL® BEYEL o2t BES HEe BT,
MR Ehike) B Ao = RESIL gk HwI®
= FRY, ERLEClE BRRRS ET s HFel
£ @b 3H9 L McCoy Ry fEHsd X
ROl AL ol L R2EY Bl Rudtn sy
Herrick®® & K] RfHS RO s BYA 1RE
B 23K, 34Kk EHE AFTT +5 Bl odH e
AL ERE WERENIT BEE YR AR
"0 HE SEEEG BYAA B AR
oA foly Bise] ETE S Bgtehy st H O
B e ERlA REMRITS B o BES F
Ao} FASE Bt Bt ST AL ol
SRe TEe AR oD BHBE B
parabiose Bjf7ol 4l %Eo] BAREE Josw = &£
BE ZAAE Vebde 2 4 dokx sy

sl Kerr® & Rehol 4 9LE 489 HFEe = M}
22 1% FEEAAY HELR BES BESYdU
FUE Bl FurslA hakcha shdsk

Otto™ & Kol fmmRfe st RFel Bursl g
o A4S MY T RESEE i viro o 4 1F
FIA SR SRl gke) o, TP, PR PR
ol AL fhell= Al BERAE vebd 5 B
E ghe S0 dQT E Oto® & Aad] il
AE F—ipo) o Bke JASE Bl ohdstm
M o ook BHE 4, 50 EERES BEA Y
shed R FERBEEL [Phes 8 EAs RE
BEA7 % 2% —F BE MEE FT —E%d K
#ohmo 2 o] RIRKY [eha ol RBBLE st I
9 Fol A R Yl Bl RIS R a9t
BHERESH HEro 2a [ul9a Mol WERE B
BYe GaT o ok BEE RES L SRRREa
dehte FEY Bl RAsS 0.8+41.31%2
o o] BEY M—ghne ERRLE 49 14.0%
(7.3~20.0) 2} Bzl A& Buk ohiel FERATR
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E RERG £ BEiEQ Efd nd T BERES
BAe] Whetel Jk KEE ddrh

B &

FHEe AIpoz 8BS [Faighd fHhh(ila-
riform larva) 150 v}2] S (5 BRfRC.E 3 @SSR
F& SRS BER] g BED RABTEA &
BHRST BT 8HA BORE o BEREY 3
BHEES BRels Ak £ MEEERES “Fe
£ AT £ ferrokinetics T W] HBBL106D
st ILBERII Y om 1 RS K oes 2,

1. HREEe] MKRH RAFR Hetd Ryl 4
T MBEEEYE BHET BAOFTRS Jebden mne
1A B A FRMERES] WAoot MIEES AHH
BE £ 4 gk

2. ®Fe & AT ferrokinetics Fg-< Bl R
M4%H 4% (plasma iron disappearance time: P.I1D.)
9} M ¥EAs 325 (plasma iron turnover: PLTHS 2%
ZBHA e S E Bdsn AIMEERFI AR
(red cell iron utilization rate: R.C.LU.)-¢ HHE A
s 9T FRMERGUBE (red cell iron cone.: R. C1C.),
TEBRMIRH (circulating red cell iron: C.R.L), [
"Z J(plasma iron pool: P.LP)L 2% WA= K&
1 REIE )% 82 (daily iron pool turnover: D.ILP.T.)
< &% =gk

3. ¥EMfREerythropoietic index) erythropoietin }%
HE Q “Fe-BENBMEL Mt A EBE Ho3)
o EESA B Qo

4 BREL 0.8+1.31% =2 H—gmy 2o mon
<= & 4 dgoh

5. BLbS REE A sk gme Bk Z
A1) patternzh o= Rmmfe o B TR
TREtEe] 98¢ ¢ 4 g}

(Bo2 XERT MR 8 34 F3msiedn &E#e
3 =% Be BAE 9 34 aRERE FEEDHEE, &
RERLS HOHER TRE B/ BEE Heuo)
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