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—Abstract—
A Study on the Effects of the X-Ray Irradiation and Thyroid Gland on the
Erythropoietic System in Rabbit

Kong Keun Kim, M.D.

Department of Internal Medicine, College of Medicine, Seoul National University

Seoul, Korea

(Director:Prof. Sung Ho Lee, Dept. of Int. Med., Prof. Munho Lee, Radioisotope Clinic)

The effects of X-ray irradiation and the thyroid gland on the erythropoietic system were studied’
in the white male rabbits. The total body irradiation was done in doses of 250r and 500r to each
of 5 rabbits for 10 days. The factors were 220KV, 10mA, FLI/4 Cu+1 mmAl (HVL:2.0 mm
Cu) 50cm F.S.D. The thyroid dysfunction was experimentally induced by giving 2mg of thyroid
tablets per kg body weight for 15 days in 5 rabbits for hyperthyroidism and by giving 1.5 mC of
31T per kg body weight in another 5 rabbits for hypothyroidism, Fourteen healthy rabbits were used.
as control. The hematologic changes and ferrokinetic data obtained from **Fe and apparent half.
survival of the red blood cells obtained from !Cr were compared.

Following were the results:

A. X-ray irradiated group;

1. There were no significant changes in hematologic findings except for leucopenia. A slight
decrease of red blood cells was observed in 500 irradiated animals.

2. The decreases in the iron turnover rates of the plasma and red blood cells as well as in the
red cell renewal rate were found in both groups. A significant decrease of the red cell iron
utilization rate was observed in the 500 r irradiated animals.

3. The apparent half survival times of the red blood ceils were slightly, in the 250 r (12.14-0. 80-
days), and markedly shortened in the 300 r irradiated animals (9.821.38 days). the normal being
14.0-£1.6 days.

4. Tt appears, therefore, that the anemia caused by X-ray irradiation is due to the inhibition of
hemopoietic function and the excess destruction of the red blood celis.

B. Thyroid dysfunction group;

1. The slight increases of the red blood cell count and circulating blood volume with the normal
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serum iron level were observed in the hyperthyroid group, while the decreases of the red and white
blood cell counts, hemoglobin and hematocrit values with a marked decrease of the serum iron level

in the hypothyroid group.

2. A marked decrease of the plasma iron disappearance rate with increases of plasma iron

turnover, red cell iron utilization and red cell iron turnover were observed in the hyperthyroid
group, while the marked delay and decreases in the hypothyroid group.

3. The apparent half survival times of the red blood cells were almost the same with the control
in the hyperthyroid group, (14.0%:1.58days) while a marked shortening in the hypothyroid group

(10. 6-0. 30 days).

4. It was reconfirmed that the thyroid hormones bear a close relationship with the erythropoietic
system, namely, the latter is stimulated by the former. The lack of the thyroid hormones thus

induces the bone marrow depression leading to anemia the major cause of which, therefore, is not

hemolysis.
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Table 1, Hematological data and ferrokinetics in the mormal-control rabbits

Animal number ! 1 2 3 4 5 6 7 8
Body weight (kg) 1.4 2.6 2.2 2.4 2.5 2.0 1.9 2.4
R.B.C. {m) 5.43 6.36 6.27 5,32 5.55 5.70 5.35 5.40
W.B.C. 8,200 8,400 7,300 6,800 7,800 | 7.600| 7,500| 8,300
Hematocrit (%) 43 46 41 44 41 40 42 33
Hemoglobin (gdDb | 14.0 14.5 14.3 13.0 14.0 13.5 14.2 13.0
erum iron (r/dD | 214.3 | 224.7 | 207.0 | 246.0 | 209.0 | 215.3 | 225.0 | 185.4
[RC.V. (ml/kg) | 15.2 16.3 22.4 16.9 22.2 21.2 27.3 20.9
Blood "/ pv. (ml/kg) | 41.1 | 45.5 | 46.8 | 47.5 | 32.0 | 43.8 | 3.7 | 343
]T.B.V. (mi/kg) | 56.3 | 61.8 69. 2 64.4 54,2 65.0 65.0 55. 2
P.LD. (min.) | 72.0 84.0 75.0 77.0 81.0 79,0 75.0 73.0
P.LT. (ml/kg/day) 1.42 1.59 1.37 1.4 1.34 1.25 1.44 .24
R.CILU. (%) | 89.4 91.7 84.2 92.4 89.0 87.5 71.2 93.0
R.C.LT. (mg/kg/day) 1.27] 1.6 1.15 1.33 1.19 1.09 1.31 1.15
R.C.L renewed per day (%/d) 7.59] 8.38 4,33 7.86 4.77 5.12 4.59 5.11
Circulating R.C.I. (mg) | 23.4 45.3 58.4 | 40.6 64.4 48.8 59.6 58.2
Red cell iron concentraion (mg) .12 1.14 1.23 1.01 1.16 1.15 1.15 1.16
Total plasma iron (mg) 0.12 0.26 0.21 0.28 0.17 0.19 0.16 0.15
T# (Cr-51) red cell (day) | 13.5 15.5 14.0 15.5 13.5 14.0 12.5 15.5

Animal number 9 10 11 12 13 i4 Mean S.D.
Body weight (kg 2.0 1.9 2.0 2.2 2.1 1.8 2.1 1.0
R.B.C. (m) 5.05 5. 60 5.05 5.85 5.40 5.40 5.55 0.39
W.B.C. 8,400 6, 800 7,900 7,800 8,100 7,600 7,750 | 126
Hematocrit (%) 43 41 43 43 40 39 42 2.1
Hemoglobin (g/dD 12.8 13.0 13.5 14.0 12.9 13.3 13.6 0.59
Serum iron (r/dD | 193.2 212.5 207.5 215.7 220.7 217.8 213.2 115
R.C.V. (ml/kg) 29.0 28.1 28.5 27.4 22,9 26.9 23.2 4,76
Blood (pv. (mlke) | 385 | 40.7 | 37.8 | 364 | 344 | 422 | 39.9 | 476
T.B.V. (ml/kg) 67.5 68.6 66. 3 63.8 57.3 69.1 63.1 5.30

P.I.D. (min.) 69.0 82.0 87.5 79.0 81.0 83.5 78.4 5.20
P.I.T. (mg/kg/day) 1.33 1.28 1.35 1.52 1.41 1.37 1.38 0.05
R.C.I.U. (%) 87.5 84.5 91.0 93.5 89.5 90.5 89.6 2.89
R.C.L.T. (mg/kg/day) 1.16 1. 08 1.23 1.42 1.26 1. 24 1.24 0.11
R.C.L renewed per day (%/d) 4.54 4,22 4,23 4.99 5.62 4.40 5.41 1L.74
Circulating R.C.1. (mg) 58.6 57.7 63.8 66. 9 52.7 56. 1 53.9 11.4
Red cell iron concentration (mg) 1.01 1.08 1,12 1.11 110 1.16 1.12 0. 06
Total plasma iron (mg) 0.15| 0.16 0.16 0.17 0.16 0.17 0.18 0. 04
T} (Cr-51) red cell (day) 12.5 15.0 12.5 14.5 14.5 12.5 14.0 1. 66

R.C.V.: Red cell volume P.LD.: Plasma iron disappearance rate

P.V.: Plama volume P.LT.: Plasma iron turnover rate

T.B.V.: Total blood volume R.C.LT.: Red cell iron turnover rate

R.C.I: Red cell iron

WES Tl 4% 19.6ml/kg, 45, 1ml/kg 2 64.7 ¥Fe & /%t ferrokinetics & w3 MAEMIGFIHE
ml/kg 2 FiEE AA BEE $A 2l @P.LDO(T /D8 FEE 78.445. 20(min.) o] 2 Mg

—_— f —
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Table 2. Blood voiume in normal rabbits
__ 51Cr Fe S1Cr+5°Fe
Animal No. ""p Vol P.Vol.  W.B.Vol | R.CVol PVol  W.BVol | True B.Vol
(ml/kg)  (ml/kg)  (ml/ke) (ml/kg)  (mlkg)  (mi/kg) (ml/kg)
1 15.0 34.8 49,8 17.5 41.0 58.5 56.0
2 16.0 34.8 50. 8 20,7 45.0 65.7 61.0
3 22.4 53.7 76.1 19.2 46.8 66.0 69.2
4 16.9 38.4 55.9 20.9 47.5 68.4 64.4
Range 15.0—22.4 34.8—53.7 49.8-76.1 17.5—20.9 41.0—47.5 58.5—68.4 56.0—69. 2
Mean 17.6 40.4 58.0 19.6 45.1 64.7 62.7
Table 3. Hematological data and ferrokinetics in rabbits after 250 r irradiation
Animal number 1 l 2 ‘ 3 4 \ 5 Mean S.D.
Body weight ¢.7:)) 2.5 2.0 1.9 2.4 2.0 2.2
RBC. | R 122 2 3R G| &S| 23| o
wac 2| oum| 1| 1| um| ) 1w
CEHEIE IR AR AR AR AN
Hemoglobin wa| | g B & B8 38 B3 0
o) 3| B3] t3) | e om) B
RC.Y. wiro| } | ORE B ORI B3 OB %e) i
voteme | B-V- wmiro| } | R B3 I OE3) B3 I 8%
v emo| | 3| @0 w0 2 B3 BE MM
P.LD. @ind| R 1% | 80| BO| B0 &S| F1| s¥
PLT. mekgdan| } | G| 6B %] oB L& o] o
w| X | my| B3| B3| B3| B3| w|
Rein ewwan| R LB|OBR|OEE| BE| BE| 3B 4
R.C.1. renewed per day (% /D K % gg g (1)% % gg g (1):1), % 8‘% % Zg 8 gg
Circulating R.C.1 mo| X1 & | &3 S NE | RE| Hs | I
Roomesin ol B | LE| RE| M| LW LR LB b
maseiwel R0OOE| BE| 8% $R| BB 4 08
T4 (Cr-51) red cell @y RLB3 B0 B3 B3| By BY| of

B: Before irradiatian
A: After irradiation
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BZ B2 (P.LT.)(mg/kg/day) ¢l FHfEE 1.3840.05
mg/kg/day, FRMRBFIARR.C.LU.) 3 KRBT E
HR.CLTOY FHEt %4 89.612.89% 2 1.24%+
0.11 mg/kg/day, 1 B RMEREFHER.C.L
per day)d] Y 5.4111.74%/d BB OERE
(circulating red cell iron)(mg) ¥ FARMERERE (red cell
iron conc.)(mg) ¥ MMIEHES FHEL £% 53.9
+11.4mg, 1,1240.06 mg 2 0.18+0.04 mg ojgich.
SUCr 2 T FAmEFEHT /DY FHiE: 14.0%
1.66d ¢l g+t
2) mEBRAE

25r 9 50r ¢ F WMHEECE EHstz f8HE 2.0ke

A BEREERRE &4 SEXSE ERS £4 10

renewed

B M 25 B % 4 mRBMETR “Fedl
S'ICr & S ferokinetics @ FHRMmMEREFM(T /DT H
TEYE KFES ¥ul Table 3, 4 & Fig. 1. 2. 3 949}
2 B

A) 250 RSB

250r ZHMEEAIHS ALER, Ao, meR "
hematocritiii®l Figftis Table 3ol4 2E nle} 2
o] &£ 5.410.26(m)e} 5.3£0.30(m), 7,920+387
2} 4,060+168, 13.540.61g/dl ¢} 13.2--0.52g/dl %
41+1.9%sk 39+1.5% =2 KM MmEH % hema
tocrit ol A & JBSIRTHEA £ ERE £ £ ddod
EIIEREE] ol Ae EET BAE & 4 ddd @
HAS FHEe 44 201.5+17.0r/dl 2 206.81+11.1

Table 4. Hematological data and ferrokinetics in rabbits after 500 r irradiation
1 5 3 | 4 | 5 | Mean | sD.

Body weight ked 1.9 2.0 2.2 2.1 1.8 2.0
REBC, @| R S0 FE| 2R B3 %3 1| om
W.BC R SE0| BI0| LS| Ta0| Liw| Bew| 7
Hematocrit (%> E i(l) %g g Ié(g) g? l?fé i gg
Hemoglobin wa| R B BY| P B0 B8 128 e
Serum iron wan| R RE2| RS BRI HRD| B0S| Zws| se
rev. @) R BE0 B B3 B8 BE Ws| I3
Votame | P:V- o R0 EE OBE B 85 B3 ie
ey, we| R RE &8 &8 &I M| &y &8
P.LD. mnd| X F0 | 3| BO| N8| Bi| #2 &
PLT. wmedwdsy| R G| GH| o8| o8| L¥| o] o
RCLU. co RUBI W] B3 83 88 &5 &
RCLT. merwan| X | SR GR| 68| 6| 0% B oo
RCLrenewed perdey G/ R | 8 3R] ER) IR 5% 28| 0%
Circulating R.C.L wol R ED R B3 BT Rz e E%
R.C1 concentration wo| R be| v ©h) Lot UE| ] 0w
Total plasma iron @o| R 0f| &R G| G| ¥l &w| ow
newe w2 B RS M| M| BT %] IS

B: Before irradiation
A: After irradiation
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r/dl2 BEY 2R £ 5 Aok B BR
MK E-E “Cre] KT flﬁlﬂmiﬂ- $Feol {3t mMmiEE
B o] MEE 43 Z MR (true whole blood volume)
L &4 24.1+3.76ml/kgel 23,942, 74ml/kg, 37.3
+4.49ml/kgs 37.51-3.76ml/kg % 61.416. 20ml/kg
sk 61416 Uml/kgz WSTATHRY OKE £ £RE
2 4 ddch

“Fe & At BEHAIEY ferrokinetics & 29 Fig,
1, Table 35} e}, B mEERLEHESY FEEe &4
75.444.77(min.) ¢} 97 1413, 27(min.) 0 & Fi3s) B
Heol A9 P<0.005), MEFFAHEY FuEs &4
1.32+0. 03 mg/kg/day 2+ 0.81240,51 mg/kg/day =
AHAQ3(0.01>P>0:005) FRMERBFAZERY FigEe
%% 80.6142.41%9 83.1+2.72% 2 Biikd KEe
FRMERBFIAZEY w/nE ¥ 4+ 99320.05>P>
0.025) FRIMBBAEHERS FiofEe £% 1.1840.69meg/
kg/day ¢} 0.671+0. 15 mg/kg/day 2 hZEe HAE
(P<0.005), 1 AFRMERBIERY FiH{EE 4.8310.28
%/d 2k 2,48140.65%/d & 3 A WAE (P <0.005).

BB RMBRE, ROGREEE ¥ FEREMUIEREY F
BEE %% 57.945.67 mg 9} 58.8+1.91mg, 1.11+
0.16 mg 9} 1.1710.06 mg & 0,16+0. 02mg9Jr 0,17+
0.03mg 2 BT FET 2RE & 7 dyrh

Cr 2 WED FmEREHR(T /e FHfEe Table
3 9 Fig. 2614 2= upe} o] £4 13.6+1.22d 9}
12.140.80d 2 EF HA(0.01>P>0.005)3 &4 &
+F At

B) 500 r R5igE

500 r 25 REIRTRS) ARMIK, AMER MEFE D he
matocrit {8} FFi5{Ex= Table 464 2 uls} 7o)
£4% 5.410.40(m)3+ 5.1£0.24(m), 7,600+504 o+
3,800:741, 13.3+0.57g/dl 9} 12.6%1.08g/dl 2
4111.80%9) 39+1.58% = 250r &2 5 RETE ] o o)
FRMER M 2 hematoeritffie] A& BHFHKA =
E£RE E 4 d9ot ARl sl A g B
PE F 4+ otk miEES FiEr &% 214.8%
5.08r/dl &} 220,645.68r/dl 2 WES BinERE =
o] 912400, 025> P> 0, 01).

BENIHY BRMEES S'Crd KT KzREs
“Feol {3 mMiEE o o MHAHE AT ZMEE(rue
whole blood volume)-& &4 26,812, 25 ml/kg 9} 24.8
+2.35ml/kg, 38.3+3.16 mi/kg ¢} 39. 314,60 ml/kg
2 65.01-4.80 ml/kg 9} 64.116.51 ml/kg & THEBREM
TR = gl go RMmERE ol BH A
Fo RAES 2o F40.3>P>0.2.

$Fe S (BT BatNiHe ferrokinetics T ¥ Fig.

3, Table 4 9} 2ul, B MIFHRAEESY FHEs &
% 82.6+3.19(min.) ¢} 87.245.62(min.) 2 RS
T Bl B 4 99vH0.05>P>0,025).

S500r (cir) irrodiated rabbits

(%)
100

% of “?Fe utilization in RBC
o
o

:Normal range

L . .

o] S 10 1S

Days ofter %5Fe odministration

2'0 (day)

Fig.3. Red cell iron (**Fe) utilization curve in normal
controls-and rabbits after 500r (air) irradiation

in ten divided doses.

MEEBATRERS ZEHMEE 44 1.3910.89 me/kg/day
9} 0.8940, 23 mg/kg/day 2 EF WoHgel. HRmEk
BFIRES TSEE 44 89.8143.32%91 81.513.81%
=z Batgd BA=o HEtEpmeE FEYL ERE &
4+ 9 9= P <0.005).

FRMRBATERS 1 BRMRBTTEERY FhHiE: &
% 1.25%0.12mg/kg/day 2} 0,72140.62 mg/kg/day &
4.69-+0.61%/d o} 2.5940.52%/d = A& ¥ 4+
A5 =H(0, 025> P>0, 01, P<0.005).

BERORE, FORGEE 2 BEBMESEY
BEE &% 59.445.87 mg 3} 54,6:+2,57mg, 1.12+
0.02mg ¢} 1.1140.05mg 9 0. 16+0. 07 mg 2} 0. 17+
0.07 mg & BIRFEMREAN A BEEA PR Listl
(0.025>P>0.01) FrmERGEE 2 FRMEMEHEANA
T Bt o2 #LE & 4+ dsich

SCr = PIET HRMERF4T YD Fi5fv Table
4 2 Fig. 494 2¥E ubs} o] £% 13.81+1.08d 9
9.8-+1.38d = EET B E £ 4 AP <0.0605).

3) PRIBBEEFREE

B 2.0kg (R4 BREMREREAA BPRE T2
s} FesttEREfTE REGCDE #lsd 42 FRER

BAETTERES PRREAEETES 5 BRiIA oK
By Bl 9Fe @ SICr & A% ferrokinetics ¥ 3k
MIREBAHTY2E& WET BHEL 2w Table 5, 63
Fig. 5, 6, 7 ¥ 83 2.
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7772 Normal range

E
1]
5 o
o E
o (8]
R
o
© oo
5 2
£ v
s 8
Q  u~
o
S
50
° 10 . . ) ;
Q 5 [{e] 15 20 (day)

Days post injection

Fig. 4. Relative average erythrocyte half survival time in normal controls and rabbits after
500r (air) irradiation in ten divided doses.

Table 5. Hematological data and ferrokinetics in !3¥I administered rabbits (I.5mC/kg)
Animal number 1 2 3 4 5 Mean S.D.
Body weight (kg 1.9 1.8 2.0 2.1 2.0 1.9
R.B.C. (m) 5.4 5.0 5.3 5.1 4.9 5.1 0.21
W.B.C. 7, 800 6, 800 7,200 8,100 8, 300 7,600 628

Hematocrit (%) 39 37.0 38.0 39.0 38.0 38.2 0.8

Hemoglobin (g/dD) 12.5 12.5 11.8 12.8 13.0 12.5 4.6

Serum iron (r/dD 195.5 175.0 180.5 170.5 168.5 178.0 10.8
R.C.V. (mli/kg) 26. 4 26.8 25.8 25.2 24.3 25.7 0.99
Bled | pv. (mi/kg) | 412 | 457 | 42.0 | 39.3 | 39.7 | 4L6 | 255
T.B.V. (ml/kg) 67.6 72.5 67.8 64.5 64.0 | 67.3 3.39

P.1.D. (min.) 85.0 9L.5 105. 0 110.0 79.0 94.0 13.1
P.IT. (mg/kg/day) 0.94 0.87 0.72 0.61 0.85 0.80 0.15
R.CILU. (%) 80.5 79.5 83.5 80.0 78.5 80.4 1.88
R.C.I.T. (mg/kg/day) 0.75 0.69 0.60 0.49 0.68 0.64 0,12
R.C.I. renewed per day (%/dD) 4.41 5.25 5.69 7.09 4,66 5.42 1.15
Circulating R.C.1. (mg) 54.7 55.5 54.7 59.3 56. 4 56.1 1.86
R.C.I concentration (mg) 1.09 1.15 1.06 - 112 1.16 1.12 0.04
Total plasma iron (mg) 0.15 0.4 0.15 0.14 0.13 0.14 0.01
T} (Cr-51) red cell (day) 12.0 10.5 9.5 10.0 11.0 10.6 0. 30

A) BEHEEMTR XROD B8 % Table 5614 2i vk} o] £% 5.110.21(m),
LGRS MRS FTRAE 2 Bkt §5le  7,6004628, 12.514.6 g/dl o} 38.2+0.8% = RS
22 RE%Y mESy FEds mRslach HoEgstel AR MEFE 2 hematocrit @Y WAHE
RMER, FMER, @mEK P hematocrit e FubfE  JEhi: EEY AmES ¥ 4 Y49 mERY T
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BE= 178.0110.8r/dl 2 HBE Hsld EES W
P& Rel F4 (P <0, 005).

31 (3mC)- administered rabbits

|

(%)
100+
901 |
80 —
704 <

604
504
40

)

20

gt

e
o
SCE

20d ‘Normal renge

9 of 5%Fe wtilization in RBC

o]

5 I

] 5 0 15

1

20 (doy)
Days citer "SFe cdministration

Fig. 5. Red cell iron (**Fe) utilization curve in normal

controls and 31 (1. 5SmC/kg) administered rabbits.

IE BROKE-S 29 5Cr o KT FMmEREA *Fe
of BT MmigR 2 o] WEE 4T 2l E(true whole
blood volume)®] v /% 25.710.99 ml/kg,
41,612, 55 ml/kg &} 67.313.39ml/kg 2 HREz A
o ZRE & 4 doith

“Fe 2 {#ifi5} ferrokinetics & 2] Table 5 ¥ Fig.
59 2ol A mMIESEAEES T 94.0%13.1
(min.) 2. $HRELS) 78,4145, 20(min.) 9} st FEE 3]
B S B 4 99 uh(P<0.005), mifEAEEs 1y
B 0.803-0. 15 mg/kg/day = HBEES)  1.3810.05
mg/kg/day ¥t} EESA ET@<0.005), FRIFRE
FIAZL FREOEREABEY T 4% 80.411.88%
2} 0.644-0.12 mg/kg/day 2 HREES 89.612.89%
1.24-0. 11 mg/kg/day &} H#rsls =5 FEEIA R
0o B 4 99 (P<0.005). 1 BHRMmMEREIFAEES] F
BEE 542141, 15%/d 2 HERHA A9 2L EE 2
o Fom BERMERE, AIERBMRE 2L & niERES]
TEE &% 56.11+1.86mg, 1.12+0.04mg ¥ 0.14
40,01 mg = YRR £ES & ERE L4 gy

SCr 2 JiEe RMEREST Y)Y FHEE 10,6
0.30d 2 LIEEES 14.0-1.66d o Habd BER B
2 3o F¢HP<0.005.

B) BikIR B2 MR

FmER, ABmEk mf®E % hematocritfES FIHE
X Table 63 7ol &% 6.1+0,27(m), 7,4601465,
14.540.37 g/dl o} 43.8+1.63% = HHBHfe) hated K
MR EE |inERS 2 F9HP<0. 005,
MESES HEN=L AY 208 214.011.93r/dl o1 g}
3, BEOFES 29 Cro KT FRilnkkEst *Fe

Table 6. Hematological data and ferrokinetics in the thyroid hormone (2mg/kg/15d)
administered rabbits
Animal number 1 2 3 ‘ 4 l 5 Mean S.D.
Body weight (kg) 2.0 L8 2.5 1.9 2.0 2.04
R.B.C. (m) 5.9 6.5 6.2 6.0 6.1 6.1 0.27
W.B.C. 7,500 7,200 7,500 8,200 6, 900 7,460 465
Hematocrit (%) 43 46 42 43 45 43.8 1.63
Hemoglobin (g/dD) 15,0 14.5 1.3 14.5 14.0 1.5 0.37
Serum iron conc. (r/dD 212.5 217.5 210.9 198.5 230.5 214.0 11.93
R.C.V. (ml/kg) 29.0 3.9 24.4 29.5 3.2 29.2 2.93
Blood 1p.v. (ml/kg) | 38.5 37.5 33.8 39.1 8.1 | 37.4 2.10
T.B.V. (ml/kg) 67.5 69. 4 58.2 68.6 69.3 66.6 4,76
P.1.D. (min.) 48 41 42 45 52.5 45,7 4.70
P.IT. (ml/kg/day) 1.70 1.98 1,69 1.72 1.67 1.75 0.15
R.C.1.U. (%) 89.5 90.5 95.0 91.5 92.5 9.9 2.11
R.CIT. (mg/kg/day) 1.52 1.79 1.61 1.57 1.54 1.61 0,11
R.C.I. renewed per day (%/d) 2.61 2.24 2.19 1.74 2.41 2.24 0.32
Circulating R.C.1. (mg) 69.0 61.4 70.8 42.6 66.1 61.3 7.19
R.C.1. concentration (mg) 1.19 1.07 1.16 1.15 1. 06 1,13 0.06
Total plasma iron (mg) 0.16 0.15 0.18 0.15 0.18 0.14 0.31
T3 (Cr-51) red cell (day) 13.5 16.5 12.5 13.0 4.5 14.0 1.58
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Fig. 6. Relative average erythrocyte half survival time in ' (i, 5mC/kg) administered rabbits.

ol R MmEEE L o] MEE 4T 2MEkE (true whole
blood volume)d] FifEiv K% 29.2+2.93ml/kg,
37.412.10ml/kg ¥ 66.614.76 mi/kg & ¥HBREol o
st ET E@ind g £ 5+ dg=H0.20>P>0.1.0).
¥Fe 3 {FFE ferrokinetics & ¥ v} Table 6 ¥ Fig.
75 2o B MEEERAHEY FHEe 45.714.70
(min.) o & ¥EHl 78,415, 20(min.) 5} HrBFsld Bg
3] FfEslel 9 2(P<0.005), MmIEHATHERS FivfE
= 1.75+0. 15 mg/kg/day = HBE ] sl FEsA
#hn= 9l 2.(P<0.005), FRMEEFIAZES FigEe 91-9
+2.11% 2 $R7Eql 89.612.89% nct BT 1= o}

Thyroid hormone - cdministered robbits
(%)

1001 -
4 1

‘Normal rongs

% of 5%Fe utitization in RBC

5 10 i5 20 (day)

Days ofter 39Fe cdministrotion

Fig. 7. Red cell iron (**Fe) utilization curve in normal

controls and thyroid hormone (2mg/kg/15d)
administered rabbits,

ot HEY ERE 2 4 dgioH0.1>P>0.05).

FOREA g FigEe 1.613:0.11 mg/kg/day o
2 BEtac 8inE(P<0.005), 1 B AmEkEFi42Re
EHEE 2.24740.32%/d 2 $BES 5.4111.74%/d
Bo} FESA FAE QP <0.005). EERAMBRE,
FOREEE ¥ AniEREY FHEe £% 61.3%
7.19mg, 1.13+0.06 mg ¥ 0.14+0.31 mg & ¥REF
o &fESt & EREE E F 9ok Cr 2 WEY N
mEREa(T Y)Y Fifie BB Ao 22 14.01:
1.58d & Bo F<¢ c}(Table 6, Fig. 8).

s " ER

HRSRBs Ee 2RE 9ok Amol FkAE
o B @eAl ek Jacobson, Marks® %2
TR MBY 2RE Jot 100r T &5
5t Aol & Mg ETE BoRe: WBRARMR
WO 4 dov BHEE 100007k REsE
WS ETE ¥ 4 Qom Sash B post
irradiation anemia ¥ FHEMAL X-#d Z2HFHE
500r TR 3hdS dol & FdstAl vehvs BHE
& @il =2t B @igdctx  gvp(Waggener,
Hunt™%) KEHRRSE 0-0 Bl AE IR B
BRSEE EmIEBL) v 1 fERE Al
ol vebg-e odfiEe delal FEHolch Lok B
FRMERE GRSl Hehel Ry Kol MBI
Heineke®® LIz W& Bige#Ed ket BUI=A &
o}, = % Ting®, Sheppard”%-& X-fRMEAE Al
TRl EEW BES A Loiw PoERolztn AA

_.12_-
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Fig. 8. Relative average erythrocyte half survival time in thyroid-hormone (2mg/kg/15d)

administered rabbits.

HAx MHEAQ, 0002}t F-2 2,000r LLEE M4

BEA deta sgeh

ERAA X-ig) RATAHE LDy RIER T4
EMAES EHT RS 0T R Hind oA 1
=

ol 2L XS] dehtt i DE Bas
FAsHE B Bsts 42 @0 BRvEel B

3 goy obd EHRE 9E 5 aekh

L':
X-iffel el vm% e
)
T

fﬂ’rJ“' *'.f}idﬂ iﬂ“"}“% 325"?TL°] 9&13r°°1 it S
R HANLS FRE REkad ¥
/?—4 72ﬂ’“uU f’rﬁﬁol ghr] B} Ik (EAC ﬁiﬂfﬂ:
Sm g BEE s
Rosenthal, Benedek”)?}?_ FEaF ol Vel Hiln
FHel A + v HmOFE Ratemme »14 mE
@ WRES B dehtt MR e . S
B ool FKE olsh 2L MmN Fiv M e
EE [rhe2 1% Ak S go) R, #578 (guinea
pig) 8 AREANAL Easn s o)sh 2o EEE
EE AW Bipe) X-RRE B R LR 4
e SAeh A ProsserdPel fralw K-S
ek LDgoo] Kol A %4 800r, 750r 2 600 915
ekl o A £4% 325r, 200r P 400r o] ghx b
= oleh Zhe Mgt B% B 2RE A M
FHEE =8 BnRT 3 BuRTe By Ray
L= Aol obylrst a9 vh(Rosenthal3®4g
T Allen, 3 Jocobson®® %2 —mf?u’]ﬁ%% LS SlPN

olvk RS Muifihe) ] heparin MHEAHEQ HogtifF

4 M WEE BRE + g4 8
J"L?;’%Aﬂﬂ?ﬁﬁi toluidine blue & AL
Mo

olg} e
EA S RifEE
FER HELa 3 X-REg 4 2 4 3
= O].ﬂ- ¢ heparinemia 7} BiHtE BAime s EE
3 ERelet RISt MuMEe BMb: attx EE
T FHE ohvelx §gvh

B Prosser®%-2 200r 28 X-BEBE Z2H5WEit
% BRAOFAI A RREES HESdux stz =
Latta®™ %= TS FRilEke] SgEgmsge »skd
2 gk}, Bl EEE-S albino rat & JERERG] 2P 35 &

B ERYE 4.5uCR HEAT % BRATEBAANA &
MEREEEEE NS Bokel hemosiderin AFLHE S B

o) Al e MElete e BEFS Rgs)
oo st vk TE Kahn®%2 KBRS BHEE
2] Phire] |y & #WZRsd 3 Cronkite, 3 Kahn®Z
& EF X KEEHAA LTS HEEoE P
g RmERe AEFR B ARARY BASY BEste [
o] HILEAN sH7g KES X-ige Bahd-> BEREY
o) kel ik PES gk Bk
Waggener, Hunt*™%-2 2213 10 B #&iE X-HR
2 g FRe HRMBREHE YCr 2 st HER
(F35 15.0 B)ol thdhe X-mHES  ROIRFH
Fgsr EaEEY 7.5 A% 2gdta 3ke ol e
FMERS BEEsL B Amel FHEe Adx g
2 Kahn, Furth®%.2 700~1,000r ¢} KB X-#
IR R E(FR B mean LD e¢] 1,000r 308/ LDso2
800r olzha el *Fe B RS FimEke BEEEM
F LI &3 Sheets?™®4-& FHEEMBES MR
= Mprate] YaEBRMAE 7~10 A LIgEH FRmERS B

__13._
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FEHRE BRY ¢ U d9 L Ting,® Sheppard’
EL X-e] ABBRAEG 2,000 BmRERol
veldeln slg et in vivo By BER DTS B4
Frol £ o]g} -2 Fo] Vel A Eieletx 3t
9k,

RERBS H Jelvle Ame FHES HhBisel
g kEse BESE &y AsA BhE £ Y
t}(Schwartz, Katz%), Hl R+ Mgtk FROREe
ARMERS HAER 2 4=l Loz el B
Ha B4 EES @RGLBRE ] &= s
I AROBRE BYEn A4 R #@ne BR
S ESEA RS B 4 92 uA BEReE X
B “P 2 B4t % Bk SHgms %+ 3
e B 53 gl 3HE Kabn®% 2 X-fR9 X
B & FuEke] MESMRHES 4o BEY E
MERES BRI A RmRARS BEE 4
Ak stgdch 2elv X-Re L ERSE = olel®
EHRE adx BEY KT/ J4 geds s

Davis, ! Kahn,3 Sheets’®%-& in vitrool 4 X-f&
BHERS std Kk BEL FRA7E BERE
SEF Yo EE R 2 4 ggvta st B
2 RfERe BE RMMAS  REHEERF (ntrinsic
enzyme)?] EEHY BEd ®BEsIE Aol ohdst EI
et Bl X-@RgE w2 B Bantkd 3 Rl
RE EEHEYA HASE kiR JFee Ik
e el FERHEMS KRmFE v Bige
B mER AN 3 Kk Fa-d ERL
. §rh(Kahn®D%), olo} & Wattke] FRdiike]
ERERS KRR BEHE EFLE A5 B0 &
wa BERel RHAY i (systemic production)-& W
A7le Aol BHe] ohdrt a gl

o] Liflell Waggener?%.& MRgfut-2- Bip- RMOLIR
o BFEFRE B NHE RMEkY B8RS IEANE o
W FEYEl £EAAT g

ERL KAl 600r/air X2 HFEREH 14 B4
of FEe AMNRESS 10. £L0BEFEY 9.8 )= ¥
FEEr 1241.5 B(F 12.2 B)uc} KEY Kk
wEMEE LovtT Sk BRI FEdl 100rk 60
M Mg AT %R 2RI JIER ARmEkY FeL
AY EFoleot Btk 158 2 42 B4 WET &K
M¥RS] #|are EEAAGT ke olo} 22 FRMiEke
EHERES B BiMmEG fERstd  FRlERshER
o #Edl RES Hisln 2 MR $EEMRA 4
£RE e EBR KilEdE ARy WEste pEs
A4 w2bA BEME —ET BHel L85 #He vkt
= FREERY B gol Arka FEAst ook M

= 2% 1,000r 25 HERAE 42 KR ROKRHF
S B st 230 EREgd e $idhe e
aleh

3HE Porter'™y SICriEFike AN X-fMst
(600r) KEAIMERS Fers WiEslel apparent half
survival time &} 45%5¢ B 4 9dduix stz 600r B
HEHS FEBAAL 2elo] FMMRS) M HF
EREEE 2dx 3 >°]9+ Z-¢ Blg-2 Goodman*V
o] &R vlo}h o] FmBiEme] HHIE o SCr £
AR ZoRmBk 2bolel BILEIEE o] 7l ARimkR
#7b A 98¢ T Fobx sty
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