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STUDIES ON THE TRACE METALS IN THE
URINARY BLADDER TUMOR
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From the Department of Urology, Faculty of Medicine, Kagoshima University
(Director : Prof. K. Okamoto, M. D.)

The concentration of zinc (Zn), iron (Fe) and copper (Cu) as trace metals in the trace
elements, as well as magnesium (Mg) and calcium (Ca), in the excised tumor tissue, serum
and urine of the patients with urinary bladder tumor was measured by using atomic absorption
spectrophotometer. The results obtained are as follows.

1) The specimens taken from the tumor generally indiacated increase of Zn and Mg
content with decrease of Cu content in comparison with those taken from the normal blad-
der mucosa. Same was found between the tumor tissue and the normal mucosa taken from
same individuals.

2) Increase of Fe and Zn content in the papillary tumor was found, while decrease
of Cu content was shown in the infiltrative tumor. Papillary carcinoma seemed to show
higher content of Zn than the cancer of other histopathological types.

3) No meaningful difference was observed between the metal content and histopatholo-
gical malignancies, however, decrease of Cu in stage B; to D and increase of Ca in stage O
to A were confirmed.

4) Decrease of serum Fe in the patients of bladder tumor was prominent in comparison
with healthy subjects and patients who had removal of tumor.

5) The patients of bladder tumor with anemia showed, in general, tendency of decrease
of Zn and Fe, and of increase of Cu compared with the patients without anemia. Content of
Zn and Fe returned to normal according to improvement of anemia following operations.

6) Decrease of Zn and Fe was shown in the patients bearing tumor with hypoproteine-
mia, however, nothing was related to A/G ratio.

7) The patients of bladder tumor seemed to excrete more Fe and less Mg into the urine
than healthy subjects.

8) Turbid urine sample revealed increase of Fe and Ca, while clear urine sample show-
ed decrease of Mg. k

9).  After occult blood in the urine of the patients with bladder tumor was examined, the
supernatant was used for the study. Increase of Zn and Fe content in the urine with occult
blood was demonstrated. Zn content increased when the amount of occult blood in the urine
reached a medium degree. Increase of Zn and Ca content was proved when the amount of

occult blood in the urine became large.
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Table 1.
oo i ; ; . l - .._;__._!,_, gl S E ek
1 L Cases 2n
i .
Comparison between Tumor 37 i 22.925 £15.197
‘,.I [ bladder tumors and Controt 22 | 11.450%13.745
bladder mucosa . .
- T-test * +)
L ; e
o 3 ; }
, Comparison betwesn Tumor j 18 22,791+ 14,745 |
1 bladder tumors ond :
: Control | 18

bladder mucosa in

2 individual patient T-tast *
° b Pl - :
. Comparison batween Inflitrative 14 | 20,337215.499
B pinlicaiveed peillny | Hibopiilory | 23 | B44S0 214,816
| blodder tumors e B
i T-test *

| Comparison between Popillary Ca. 20
.| papiliary and snother Otners i 10

carcinoma (pathologic

| hiswology) Totest * (+)
| Comparison bstween Grodell | 19 2634215812
" 2 i
y | TrmellovceasIBN A Com vl o isenaiain
. | carcinoma of the ! P sl
| blodder L Totest *
‘ ! Comparison between Swoe O L 190 | B6immisason

StageO~A ond StogeB-D

lnomo oﬂ‘h’plw i i
L L R

Stage B-D 11

12.580214.785 |

| 89.292238.620

| 27.249¢ 16.430
12,934 6.297

15.782% 12,624

I. & )

1. s

19724 4 B A B 1973512 8 F R E RSB
BRI R BN EEES TABE L BED S b, B
Pt 24k 1T 3 X ORI o YRR T % FefT L 723782
WO FEHEEAR Y Bk L, 376, J3F25
B, LF12001T, FET195D DTS TH - 1. B
FEIBE DRI & U Tl A — 3 Dl H3 % R BEDOR: I
DIZANT, BISIRIEAAE CHY B kBT ST RRIRR 1 2 EAT
L7c S WICERER L 7RI 2 = hue b T,

2. BERY

T U7 TR & e bR I o — M A R R K &
FRCHBEMK A TE BEFHRELLE, B4 V&
HARTE LICHEESEL, KT 5 SATRER
BL, BMEHlE U O L BEER Y SR TRt
JRAL L =D 5259, Har 207 BRFEREHEKER T
KeBrERLL. WELHOWER . 7 7EIL. 7
wFUVE 7 F U ViR BRE - RREL S
RO TR BRI - 7o, HEERX Zn, Mg, Fe,
Cu ¥ Merck #lo stndard solution (Tristol) %
AL, Cax CaCO; 1.2486 g A EDPHEMRITIE
RLIAKT 1 LICFHRL 5,000 ppm A2 < b Bk

Tumor materials (mean with standard deviation, mcg/g wet weight).

Mg Fe Ca

o r
|

0.287% 0,202 | 23.603111.455

82.210 £ 37,252 2.03621.,034

1.7882 0,877

26,820 % 8,505 | 0.41720.190 | 19.26618,541

Ml i e

&) . : )

86.247 28.829 1.9481:1.087 | 0.22520.103

27.15029,206 | 1.7970.927 | 0.41120.207  20.278+8.523 |

s el e |

&) L Ly

i
0.221£0.060 = 20.882210.879 |

1.518.20.764
| 76160437.708 | 2.35221.050 | 0.32620.243  27,041314.597 |
. e t 5 i g
) :
85.396+33.865 | 2.17321.053 | 0.28940.205  24.855£9.850
i
84,269 39,938 1.605£0.786 0.20820,064 20,5412 12,880 ;
| 63.686432.847 | 2.05621.089 | 0.28520.210 .206:29.960
| 78.687240.117 | 1.85720.836 0.20720,068  20.326%12.331 |
i
| $7.413137,919 | 2.12721.053 | 0.29580.208  26.653:11,372 |
75,826+ 36,809 | 1.73520.870 :

*: T-test of meon value deviotion, (+) means significant
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Table 1 ¢ I, Fig. 1 OR3 X 5 &M EEE
SBOITHI - (EMEECEILD 2201% HilcT B &, B
KT, Zn, Mg, Fe, Cu, Ca DlHIT, ThZth
11.450--13.745, 26.820+8.505, 1.783::0.877, 0.417+

925+-15.197, 82.210-+37.252, 2.036+-1.034, 0.287+
0.202, 23.603+11.455 mcg/g WEBTH Y, BEHET
1% Zn, Mg o#ind Cu OEARLELRI:, “h%
18610 M—EH D EEE BEHRELY B L CRb L
(Table 1 ¢» IX, Fig. 2), EEEAEE CL Zn, Mg, Fe,
Cu; Ca OIFI #hFh 12.580+£14.785, 27.150+
9.206, 1.797+0.927, 0.411+-0.207, 20.278--8.523
meg/g WEET, BEEIL 22.791+:14.745, 86.247+
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(Table 1 ¢» III, Fig. 3), @i it Zn, Mg, Fe,
Cu, Ca wJHI, FhFh 20.337+15.499, 80.202+
38.620, 1.518--0.764, 0.221+0.060, 20.882410.879
meg/g WEET, HETIL 24.450+14.816, 76.160+
37.794, 2.352+1.050, 0.326--0.243, 27.041+14.597
meg/g WEE LD, HABERER CHEBEEES X
h Fe 7ML CT\vie, ChbHORHEED 5 LRl
MR © I U FLEHRE (papillary carci-
noma) D0#&, ZFOMORLS(CRE - s BPE
BiER LU h b ORETER OB 106 & 2 Hl L T

B - BEMIES - HESE

H %% (Table 1 o IV, Fig. 4), FLEBETIL,

Zn, Mg, Fe, Cu, Ca DlFic+hFh 27.249+16.430,
85.396--33.868, 2.173--1.053, 0.289-+0.205, 24.855+
0.850 meg/g BEET, HBEORHE, 12.934+6.297,
84.269--39.938, 1.605+0.786, 0.20840.064, 20.541+
12.880meg/g WEETH v, HHIED Zn EXL
DD ~BEIL T, FEBCOWTE
Sty E M RE S Broders D4 HICHES € Grade I~
I #0194]& Grade HI~IV B 11HIC 5V CHES
LT4h%5E Tablel ¢ V, Fig. b o 5 ciEHo
BEBECOVTERDOZEIADRI o le, IHRIE
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Stage O-A BD194]- Stage Bi-D B 115 5v)

THIELTHRSE (Table 1l ¢ VI, Fig. 6), Stage 1.
O-A BTiL Zn, Mg, Fe, Cu, Ca DEITHTFh 2.
26.354+15.611, 87.413£37.919, 2.127+1.053, 0.295

+0.208, 26.6563:11.372mcg/g WEETH b, Stage 3.

B:-D #Ti% 15.782412.624, 75.826+36.809, 1.735+
0.870, 0.190+0.053, 17.826--8.110 mcg/g WEED
T v, Stage Bi-D Bt Cu D & Stage

O-A #o Ca OEmMAA LRI,
AN

4.
1.

L GRS & R R L & L T 5.

iz,

3 LEETIL Zn, Mg oBEhne Cu DA R bR

Fl— AW THB L TARTH 1. & ERIC Zn
ofiifEmE Mg o3, Cu DA bR,
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Py, B O REEINCHEE L T2 & Stage Bi-D #f
» Cu oA+ Stage O-A B Ca OBEINARD
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I, m A

1. Wigpexse

RO ABERELEE LT, LoERMNTBRBEFM
KA TH - 1o b DEEFDIENFEEED 5 L IFEN:
FERLF DD EIHED I\ E366 L, FEERERMT %
L EREENHE I Wi b D3BENC OV TEDMFF %
&lE% ME L. Torsicid fEAD MmExH T
7z,

2. PR

FEiZe R N EIR L 0 £ Sml Fm L, Al
XWXk 5 LT 2,000 rpm, 104505 EEL 7
M 1 ml ko BbHl%Z nzc#, Zn, Fe, Cu
(X10£%, Ca 1320f%, Mg 1 100 fEFR L CEFENX

SRR TRIE L e,

3. MeArRAE

st OGO {EIX, Zn, Mg, Fe, Cu, Ca
DIEZ Fh Fh  107.400+28.872 mcg/dl, 1.880+
0.364 mg/dl, 127.320+11.944 mcg/dl, 105.603+

10.480 meg/dl, 10.547+0.879 mg/dl T b, [FEIE
B DM EEDI6HNL, Thrh 100.787+28.152 meg/

B0 pEEESS - BESE

dl, 2.059+0.491 mg/dl, 99.158-+29.244 mcg/dl,
103.720+31.042 mcg/dl, 10.846+0.839 mg/dl T
DR & b EEI RS hESIREBOWELCHED
5@ DfEE FHFEH 100.314+18.410 meg/dl, 2.013
+0.391 mg/dl, 116.671+18.600 mcg/dl, 102.013+
22.810 meg/dl, 10.566+0.867 mg/dl T#w-7- (Ta-
ble 2 I, Fig. 7). Zh X bk A DMk E s
FREOZTh LI EERBE LEEOEIA DN -
77y, BEMEREE OMmEE Fe i L 2B L v EE
T LCuie, RICEEDE B E © ARimEk 350 10¢
HF, ~E7rEVTOBUTOEIM DA HIICH166]
EAMDHR DI WFFR001% i L TAx 5 & (Table
2@ 11, Fig. 8), AmoH5HTIL Zn, Mg, Fe,
Cu, Ca OJHIC #h Fh 76.738-16.709 mcg/dl,
2.098-+0.502 mg/dl, 73.825--20.629 mcg/dl, 136.880
+20.788 meg/dl, 11.156+0.653 mg/dl T b, Al
DicWBET FhER 120.015219.309 meg/dl, 2.028
+0.480 mg/dl, 119.425+16.579 mcg/dl, 95.693+
13.370 mcg/dl, 10.599+0.890 mg/dl THo7z. h
L hEEAECRE L THMA R bR 5 HL Zn & Fe
DR ECunmsi A b, & & TR—EZ DO
THAMERA M D b EEMREA L TE I ED
8 Bic o\ T X DATRIATHE D Ml % 2 5 & (Table 2
o 11, Fig. 9), Zn ¥ 71.588--12.600 & 101.263+

Table 2. Serum materials (mean with standard deviation).

Mg (mg/dl) Fe (meg/dl) Cu {meg/di) Ca (mg/d1)
2,059£0.491  99,158329,244  103.720% 31,042 = 10,846 £0.839
2.013£0.391 116.671 £18,600 102,013 £22.810 ” 10.566%0.867
1.880 £ 0.364 127.320 £11.944  105.603 £10.480 10.547 £ 0,879 ]

(¢

2.098£0.502 73.825+ 20,629 136.880¢ 20,788 ' 11.156£0.653

10,599 £0.690

Cases 2n (meg/dl)
Comparison of serum T(+)serum 36 100.787 = 28.152
! in tumor bearing, post- Postope.
s | T Toantm 35 100.3142 18.410
- '
| operative and control Cortrol 1 15 107.400 £ 28,872
tient:
iciiid A T-test *
1
Comparison of serum Anemials) | 16 76.7381 16.709
I in tumor bearing patients Anemiol-) 20 120,015 £19.,309
_ with or without ‘anemia Totest * ®
Comparison of serum in  hredber, . 71.588 £12.600
tient ith onemi Stope. 8
bi8d i i o i p:n;mmia(_) 101.263 $10.441
precperativaly and post- i
operatively improved i T-test * . +)
- < 6.4 17 87.9471 21,310
% ! Protein :
values 6.5-8.2 18 113.183 4 29,080
b Ll o) .
s 3 T-test * . (+)
i
V.o § 2 G BRER ERee - 3 :
. 2 8 1.0-1.3 1 90.200 + 28.089
i £ 5 Albumin 1.44.6 15 106.350+ 30.414
. § i | Globutin
% g od 1.7-2.0 9 104,978 +.21.345
! E 1.2 ,
18 B 2 : Totest +

*; Totest of mean volue deviotion, (+) means significant.

2,028 £0,480 119.425 £16.579 95.693413.370

) ) i
2.099 £0.432 67.063+£14,584 130,750 % 30.025 11.061 2 0.815
2.,0881¢ 0,202 124,588 28.501 97.668:8.841 = 10.826: 0.590

. L ()

A F ik, i ]
2.097 20,502 86.882 £29.611 114.420 ¢ 24 .848 ’11:.071 40,621 "
2,072+ 0,446 110.677 £ 24 .641 95.1414 33,473 . 10.74720.862 |

()
2,090 ¢0.424 89.455 £28.003 96.284¢ 18,731 11.098¢% 0,562

104,527 £29.688 103,149 £30.080 A10.757‘z 0.933

2.084 £0.574

2477:0.512

101.922 2 28,680

116.804 % 39,939

10.918'20.617
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10.441 meg/dl, Mg 1% 2:0994-0.432 & 2.088-+0.202
mg/dl, Fe % 67.0631+14.584 » 124.588+8.501 mcg/
dl, Cu % 130.7504:30:025 2 97.668--8.841 mcg/dl,
Ca I% 11.06140.815 & 10.826--0.590 mcg/dl &7z
D, D ENE EMED HBRETENS 55 &
In & Fe oA & Cu OMiabh, FHTEE
HRLIOLERIHEINTL BT ENIERE
~LEBZ LMoL, FABEESAHEE {EE
& DBERE 5 % o g 6.4g/dl PITOEE
EEEITH & TEHE (6.5~8.2 g/dl) DHISHE L
BL TR & (Table 2 > IV [Eg, Fig. 10), g
{3 Zn, Mg, Fe, Cu, Ca O +hFh 87.947+

21.310 meg/dl, 2.09740.502 mg/dl, 86.882+20.611
meg/dl, 114.420424.848 meg/dl, 11.071+0.621 mg/
dl TH Y, HBE IR 118.183429.080 meg/dl,
2.072+0.446 mg/dl, 110.677+24.641 mcg/dl, 95.141
+33.473 meg/dl, 10.74740.862 mg/dl ¢ b, HE
RECEEAMENRD D S D TIX Zn & Fe o
Hdbhic, lokiE albumin & globulin D Had
1.0~1.3D11#1 & 1. 4~1.6 D15 & 1.7~2.0D 9 FlD
3B DOWTHREB B Lich Table 2 @ 1V 1§
OTFEE Fig. 11 © LB H 0 HET, WIhitky T
LEBOEIRD LRI 1.
4. /NG
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1. BEEEEONE CIL Fe 2MEE ACEER
OB LMD L e,

2. EBMCBRE BB MR bR B HIL
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PR LRI OUEE Ui BN, Ao misEy
ZBE, 2LARCENNHALREETE Zn & Fe

DFA & Cu DEEIMB A SN, HHAMI BEESR
NDELTNERIEEMHEA~D £2 2 LamEhic,
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Fig. 11. Trace metals and albumin/globulin ratio of tumor-bearing patients.

MRS ARz E s TIHED & D34F L, [EERHRE
THMENMELSAR B { fno 1o b O326iIeDu T
BRELR. AHEERBOH S b0, LilRER
HHBHELD, FiE, RESOH SOt L. it
I BERA DR AR LT,

2. WEHE

BEBOREIZEERRC O TRE L, S5 T0%
WEXURFRIRICOWTHRRI R TO 5, 2485EE
R WL TEROBESGREROBAL X 5550
I EEEe &, RE—BRBBFELE W E,
FFEEGITCIILBEOREY BBEE Lo, B
B0 data 3B NZ L EMNLELRBED
BHtBABETHS 5 LR TRILR A S H 2 TR
B 1 PR D RO THRE L, RERULAY =
FUrvElay FTRIHE, LO—HMEREL TEER
BRE L, o B owTtEEL, RLES
S MiERER & FigcmbFA nziont, Zn, Fe,
Ca X245, Mg X100 f5H MU CHE L. 7ok Cu
EDONWTIIR & A ED BESIBHRA 0.001 ppm B
T CHEARTTRETH - .

3. WBEAE

iR A166o [RENHEZ Zn, Mg, Fe, Ca DJigic%
hER 44.963-12.547 meg/dl, 7.408--1.771 mg/dl,
1.778+0.666 mcg/dl, 0.877--0.149mg/dl TH b,
EMEEE O HRRAB O3B FRixtLhFh 52.041+
11579 mecg/dl, 6.426+1.290 mg/dl, ' 3.269+1.361
meg/dl, 1.002+0.358 mg/dl TH b, [EEHERED
E320|0 BT Th £h 43.622+11.346 meg/dl,
4,931-+1.216 mg/dl, 2.652+1.123mcg/dl, 0.893-+
0.278 mg/dl Th- 7= (Table 3 o) I, Fig. 12), =
R EWEBEE S X OCEEEREOZDF T

BADEZNZ LT Mg DE TR L0t Fe ofiins
Abh, ELENEEED Mg EXRLETL T
fo. D E IR OEEIREE D ED34F o THHE
CRENA LB EETH - 2 19FI2 T,
TR Eho LY L T5 5 & §i#& Tl Zn, Mg,
Fe, Ca oJHic#h 7 h 60.173+11.486 meg/dl, 7.370
+1.259 mg/dl, 38.937+1.385 mcg/d]l, 1.168+0.300
mg/dl THH, HETE FH Fh 45.6211+6.507
mcg/dl, 5.680+£0.684 mg/dl, 2.742+1.081 mcg/dl,
0.873+0.156 mg/dl &7z b EEETD Fe L Ca @
Wik BEKRDO Mg OET2 Abiiz (Table 3
II-1, Fig. 13), % cEiEEZEORDOBmBELE
% Hemacombistix “CLOLXEMOHBEE (184
LI EE (1661) L& HELCARBE, o
HLHEETIL Zn, Mg, Fe, Ca D+ 55.933
+13.396 mcg/dl, 6.985+1.359 mg/dl, 3.549+1.499
mcg/dl, 1.064+0.318 mg/dl TH b, WO/ EE
3 FREh 47.663+6.842 meg/dl, 5.796+0.843 mg/
dl, 2.9544-1.103 mcg/dl, 0.944--0.197 mg/dl TH -
To. TiohbBIMOHSF D Zo O¥ENE #ilDigt-
o Mg DETHALR: (Table 3 ¢ 1I-2, Fig.
1), S BOOASRLEY BIRCARESR bR
L5040, PEEOLDOSH, LEBDOL D6 Feo
WCHEL THBE Table 3 ) I1-3 IO X 5 2%
M2 EL Bic/e b & Zn BN EFEML, KB
5LXBK Fe b Ca ML T B &3@BdBI
7z,

4, N

1. EERAREBENEEEORS L OEERHREHD
FBORECOWCEEBOPHIER LD &, BEACK
LBt sE T Fe SHEEA ML Mg 1 METL
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Table 3. Urine materials (mean with standard deviation).
1 1 \
i | Cases Zn (mcg/dl) Mg (mg/dl) Fe (meg/dl) Cal(mg/d1)
| tumor bearing : 52,041+ 11.5 6.426 £1.290 3.260 +1
: Urinary Eotlaes 34 041 £ 11,579 26 + .269 £1.361 1.002 £0.358
excretion gt (hdfoharativapts. | 3g 43,622 £11.346 4,931 1,216 2.05221.123 0.893 1 0.278
trace metais | ¢ 7
I control 16 - 44,963 £12.547 7.408+1.771 1.778 £0.666 0.877 £0.149
; T-test * (+) (+)
1 ;
{ r)egarding cloudy 15 60.173 211 .486 7.370% 1,259 3,937+ 1.385 1.168 £ 0.300
& . ! turbidity of o
g el clear 19 45,621 % 6.507 5.680 ¢ 0.684 2,742+ 1,081 0.873 £0.156
| the urine
il . L
- T-test * (+) () (+)
R —— i
L B g 2) 0.8(+) . +
g FO or .B (+ 18 55.933$13.396 6.9852 1,359 3,549% 1.499 1.054 20,318
Wi o= : !
: § | without 0.8(-) 16 47,6631 6.842 5.796% 0.843 2.954+1.103 0.944 0,197
< occult blood
‘ S Totest * ) ) ;
. ’é% 1) small 6 45.267 £9.102 6.34240,881 | 2,552:0.973 . 0.844 10.055
Ot % .
= regording .
¢ g .1, moderdte; i 60.400.+ 9.923 7.51241.414 3.480%1.103 1.162 £ 0.406
: > 2 degree of : o
{ b5 lorge 4 | 63,000215,026  .6.89841.402 & 5.185:1.447  1.15440.147
§ = § occult blood | g :
Eiogss ‘ § o s
4 T-test * | (+) | (+) (+)
S L ¥ s B g . 5 -
3 % ; T-test of mean vaolue deviation, (+) means significant.
meg/d|| mg/dl mcg/d mg/d .
100
» 41 (R 1.5
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Fig. 12. Urinary excretion of trace metals in tumor-bearing patients, postoperative

and control patients.
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Fig. 13. Urinary excretion of trace metals im tumor-bearing patients regarding turbidity.
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Twie,

2. BMEBEORLIE LERRE BERRCHLT
THIEL TR 5 LEBRED Fe & Ca oBinis X oY%
BRTD Mg OETHALLR.

3. ILWHBHERTEMOFELLLN, Lok
BT L TAS LEmAHB L Zn & Fe D
WAL 2N, WOBREIRERC/D L ET
In omrbbbh, KEC/s L Fe & Ca 23
MLTL B ERREDBRIL.

V. #EELUER

1. E#

Zn AEFRCIEL 5T 5 BESE0—ETH Y,
TS DERICAEOTLR TH 5 & & 1% 18694 Pau-
lin @ aspergillus niger B AT 5 HE LIRS
Bhtuwi, LR b ohbh T In D
HlER: D dithizone i X 5 hEEEEED HEX
X 52T DIERNEFC OV Fe, Cufn &
CHLEL L BEIER T, LB REERTFR
FeH IR & 2T EY B LA TR - B
LB TE 205,

FhO In XEEI D 5 ~10%RSh, BRE
{18 10~ldmg £EZHR T3, M Zn o
Bil4eme LTH 800~000 meg/dl L &h, M
22%, FRIERICTE%, BIMERC 3 BORRTEEX
B, M Za © 5B 4 BT arca-globulin: & ik
FEefsaEL T2 TE&REA) &, BH66BIIB I
albumin & Bi-globulin KK &L TW5 T4&RE
BEESE] Legrich b,

HBAEACBT 5 Zn RECHA T LRI OHBREL
Cristol (1923) ©, EMEEAMRT O Zn FEOREM
FHE TV, LK, EEESFOFRIMETLC
W5 EDBELHZDLN LML T 5B EDRENRS
W1z ieds s Cristol! [ TEBE TIRIEREEE X »
LAL, FEEBCITEVEL DL Zn 2ERL T
W5ELTED, Koch & (1956) 91158 LA
B\ CIEEER L v Zn 23N Tw» 5 &l
TkY, BEH (1959, FEk (1957) NIRRT
BRI UIT 2 {580 In 28Tk L, IHIE
Rl REE OB o bEt OfS R, BEEMEoS
AUDOEINATE L DRGILOBEDORE I b O3 KK
In BEORWINNELWE BT %, BREBCHA
LTOHETRY LIS, BFEORB T Liigs
L ARCEET Zn BOMMAEES R

B ERBEICOWTOBRELOWTELFD Zn &
ML T 5 & OfEL £, Heath & (1950)1

1t <= A0 spindle-cell sarcoma i3 X {8 mammary
adenocarcinoma D fRD\ TR L FIEEE OIE R
Mk X bl ®Zn 4 &hoir kL, Tupper b
(1955)1® 11~ v A DFEER D Zn FEOWINE,
Yip & (1961)1®}% The Boston University sarcoma
o Zn BOWMEZHEL, =8 (1966)% (1 rat i
rhodamine WE% B LIEEORFE &L BIESEM Zn
BOWREZBEL T3P T, BEORFLLILL
OEREF In BAAEINT S E BRTWAERETHB
2, —RENC Zn BINOBREIESORED 5\ LR
AR L D RN LGN, WEEKT SRR Y
In GENRKTHD, MEBREOBETO Zn 21k
SEEETHD X572 —F, BEARD Zn BOE
IbERED I\ D FERE (1969)2 DOfEE BH &
A2 Fx X%k AT HEPL, FPLTWEHED
Carruther B (1945)2> DL H54, BHOE
B BoEE - BIE L EARIEOE - RHMRET
ERE Y In BOZBHRCKT HEVEETHI L%
EBRLICY, BREEOBRL O L B HEEF O
DEFBL ERIRT HAERD S X 572,
EUEESEOMBEME - L\ IMENLZD,
FhEN Zn O TIR2\WT 440 nuance OEL
KEabhB, Tkt Vikbladh (1851)2», Wolff
(1956) 10> DB b i B DA, R (1957)1 X
FC L D T RAER L CEBARORE b DE Y
FOWPERPZELE L, Davies b (1968)2 35
HIEE T /B ERE ORCERARMETHA LR
L, B (196900 Zn EOEWLEMEE LT
DIETRTERADoTcE L, In B0 TR
DH BRI S OIMERRME & FWHREmsi A bh
TEEL T B ETHD. BEHEORBELETHD
FRCE S EMOF7E, KEAMEO BB M Zn
EDETEES LT3 DRR b, HigEED
15 Zn E B L CRBEE LAV COoBE T, =/
(1966)13> @ rhodamine WEZXHAVTORE, BHE
B (1969)2 @ ANQO i X h A& LIHimi BT
DL, FHES (1974)2° OFH W - BX HE -
AH66F » AHI09A » AHI3 /¢ X OEEREE S AT D
Hilin ERHR BB DT b e RO IFE Zn (B
HETTAH LML TS, ZOME Zn HOE Tt
LTCOEBICOWTEL DABREELTWDN, B
bhaz ki, ETRRLCERRSO Zn §HEN
BN T LEMAD Zn OF Y ZHBH DB E W
52& &, DFCMBEEZOEKTE I albumin &
DWW LD ThEFEE LTS TEBEERAESH]
ELTCO In BB THZ LRI BEZELDRD T
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&ET, T DIEBEACRT ABESRND In 55%
BE L THh5 LT Zn BOWMS 4 ofEicibh

AL 5 03_15,16,19,20,27,28,?9)’ iﬁ%ﬁﬁﬁf@ﬁ%iﬁ%ﬁ

WD In DERIRB B ENELDRDLDT
H5H. EFRfE Zn EOR TSN & —L
TWwWBEDHEELELABND LA TH D220,

Rep Zn B oREMTIRFRICHHTEOHER Lo
data OV TIREEH: (1950) 42 —IEL T\ 5
B, FOMER—FL Thinl, L LRFRES s
DEALY VPELESER VEL VI —ELT
W3 X 5T —HRPEEEITH 400~600mg E#E 2
;;)hz)so,sl,az). )

WFEEOR ZIn BEhATHRSEG L Dinv, EE
OFE T REMOA SIS b D Zn [HEOBEINA
7oBs, EH (1938) B AEO BB IS L b
HBENRE DREBEDEI NI OBMLTLBEL
FERR (1957)1® B ORE 3 fl 0L\ TR A
RdfrhoToe L, BIE (1959)2, ik (1958)1%
1.5~ 2 fEOMEYEEL T 5, =K (1966)1 ik
rat @ rhodamine EZ#BEL ®ZnCl, #FJH L T
I8 Zn BOETOFREEHE LT 50D Zn
Bt & RN OBFHAE L HNTW5C, Zn ORI
TUET A D, PRISHIARE L 224 Bl h - Tn & g
T3,

BLL, EEME - i - KF ZnimonTrhZh
EBELTELL, In AL - TUXWEDOTHET
B roREZC L ) EEORRITIEEI NS 2WS, 1]
oy ML In RZ AR5 %252 L2 X b EEOHE
IS 2 L TE fol @ McQuitty B (1970)%°
DFEL, Zn PHRATD RNA DA T {RET S
& D Wegener & (1963)39 D&, Zn H3Hila%T
DICHEAE LS 2R b L Ttk X OiR
Kizd bl b 2 & RN EH (1957)1: 58
W&, £EEE O lipid peroxide DAL & D
BEfREMES Lic Zn OARYHRE & fila s 248 Bl
5% L E % Hihvs Ohnishi(1958)33 D & o
ZENRDND, Zn (XBEEOBRA I EEMC R
LDERFEZLRT, BULAHAEREINDS Z &3
BERTREVS L TH D, BB 5L ORELE
BEhTn3225TH%, s, BEC Szmigie-
Iski (1964) 1 McNavy 23957HECEEL oMK
Bk R Zn % dithizone % FvC bRy
CHETLHEEAGCT, BEEORMMOERN Zn
BUNERCEAT A ERRR L, ZHILEORH
B2l & U C oM D h AFTHEANB
bhew, HARIC RT3 EERROHE « BifiE o

HHZEC D2 BE R T WE I Ed fEELTE
<.

2. &

PRI T 5 SETROTh TR T 04|
Bk - fGHARE - ARSI HEN X {EHIRT
W5, ER AL 3,000~5,000mg @ Fe %K1, #+
D5 BHEO~T0HB IR D ~E 7 v E Vg E R T
Y, T0EHCHRD myoglobin i3 ~5%H 1,
cytochrome-catalase. peroxidase 7z & OIEREEEH
CHEDD, FB030% BV HER &ES LR
ELTH - &« Bl £ oA HFE L AR
BT 5 Fe oA T2 RELET T 5,

1BE&Y L VBRIRS % Fe Bik 1mg §iik Ty
Wb HCLiwX b 2ffio 1+ v o RREE e hEE L
THHEB T RIS D, M Fe fEi1H 3~4mg
LT &by, EHEAO Fe ofihiimE—EHRE
R ME L L TBEL T B2 &
LERIORLI BN, = omEdo Fe lifmEmmy
CIEEETHE PSS VAT = Y VERBSLTHERT
Wh, I VAT = U Vi Bi-globulin SERD D 55
FEH90,000T 2 FFD Fe &ESG LTV, B¥M
BFe b LTHESRT VHLDIL ZO-F 5 A
7= ) ViE&thD Fe ©thH 5, Fe OPEIBE L
1H 0.3~05mg TH5B &\ b, FOENCRE « 7T

- bR oBiis S CIRET A L OIS HER D
DTHB,

g Fe ol i LTEETSZ &1k, Ha-
milton® X % & ¥ Fe F@HARST, WMt
RPN EBITAE &V, Uieddto Tl Fe Ex
W 5 & Z I —E ORI Lo b DR T
BIENCROTHB, R L HEEIAEFO
7 3/ BRI X B BRI IO TOWERLD, )
v B O P OFEC B DT OV T O
e &R Abh®, X bic JiEHE: < Kitzes I IKHE
4, Ramsey HEILEEE & DHEEIRH D L 58,

BB OB A LT, Tietz 5 (1957)%%
Jiigs, P TEnL ko, BEE IR LS
Richo e EBEL T 52, —EcHEEN O g
Fe DR TR Db TV OKR L UESE
BrOLOTIHBRRS - CEHED Fe S B2HREL
TWB BN EA4, Kawamata B (1957) 4D B i
kT A EEHOBY: (total non-hemine Fe) %2
B, BT isBHEEoR0%oBmsAbR, &
LK non-hemine Fe X » d¥moBEmR~EH b,
& ¢ P 11 43 (nucleoprotein) OEIINZE L&
LT3, FiliE~ v ADBEROSKEILIF D2,
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BIGHIED 3 f5 &7 h S EESCEE s ER T RT
EHEL TS, ZOX S EIVBEBICEEES
HHCOWCHERBCSIT 28RHOEER 2 &, B
D Fhic Fe RE LI FIHCTELWHEOLDE
ro THTORRWZ ERELDLRTHWS, —F, &
B—CEHI-h DRBLBEEILTHLHLTEETL
TWBEALH Y, ZHXEEBIIL catalase AMHK
L, ¥7 cytochrome BAYETFTL T35 Z & 1THk
FTHLDEEXLBLRTWS, ZOX5REBLDL
DD & FRFIC B OE R i) 5§ off
HWaAhb &, BTOELFNEHRD —>ThD HR
catalase DEMEE TREICN %5 Nakahara & ODfE
EOEWHEY X v BIEEFR D toxohormone D
AR, HEEM D hemoglobin level DT 5
Boo EEnORBECE ST a8k ENTEE S
DDFCEIZ ETH S,
HiEEAOmE Fe HOETIZEBLHRELR,
I HBRIZ & THANZ 2 CILEEEnBIER

BCHEETD, EHAMOREE L TELLRBHNE

BEHTBE, HFARBS IO~ v v OB
OED DX FEEEC L % BHo BEOWE, ery-
thropoietin D FEAEA, toxohormone 73 & DIFED
EMYEOIER/ R S X piEmMEE, “RRFIC LS
BEL b, Fe, Cu, cobalt, Mg iz EOEEREN
BRIV 7 3 /B BAERE L ARCHHRET
LBDTHILMHEND ZENELLRSL. —H, 7’
MERE ~€ 7= EV o BRHER . FHEERD @»L
v, Hfn, FmEEnE, mEEESE, L OENRS
OB L L3 - MTORMRPEEDOTILE, S
BEESI NS R BEO itk £ 4 MBS e
550,50, = 2 Clk &BOBEE Mz ST 5 Jioow
TOREEY BI/R5 ZERT5,. BEEZTIZHD
DTS HRIER Ty D RN Ao b N, HhiE Fe %
transferrin i tag LiniE Fe & L UBEEBERETL
PRERARM 2 38 & T o CEBORMIRERE RT3
FHikk LT ferrokinetics #36Zfrw Thd &, BB
BEOEMBEIHIPRZRBC D 5 BEREOEMARE
HEBEIR TV B L 5752, 2 oSRZEREBIBEARD
FRIMFRENESE O L Lt S hagRiREET
Iy, ~ES e VAR, ferritin &8, X Btk
BROEEL EhE, MF Fe DETEHF - THE
MmFEHELTD Fe O ERELEZ DR T5, ¥
P EBOBMEEI MRS O % 2 L3R L8,
ERRMEREA O RBE L H 050, EHO RRER
SNNBOR UARmEREE & DORARC DN B RIERS:
FxioT 157 IRAET b b KA E BE R

(relative bone marrow failure) 2ZimoO—FHE#E
2 BB, FREEARIEE OB mEF T

CRMEEBERRT AT I VORTEERLTLEE LI,

PARBEESPCE D En5Z LT DiEES
@ internal protein and iron deficiency H 751
THEM LD —FC fte T W5, Fe OEEHA~D
LY ZHE AL TeL Price b (1959)5 @ rat @
lymphosarcoma R 2788 DB X % & [BEEEGF
D%ED Fe XERMEFO Fe BEOIHHATER
BESET, MERECL AHME ~ES v EYHRE
B EREFE oD iRy EEL LTt
5. Tewx@lEme 5% E&BL LT CuZn.
cobalt 7z &% b, Cu i3 Fe HBIN - EinicBI&L
BRENECEAT A L REZLBELBR TS
ZATHD, EicME In OETFREND, FHIEOH
BRI EBIRC I T A, TOLELFEME
LTEENLINLOPELR L Y AT DI LR
LHBRTHEZETHS.

Rep-Fe wounTix, EHORELRIELcEBD
THBN, BE (1973)50 kb &, TOBHMIHME
THBHPHHORED BRI LB TS WHEBHTD con-
tamination A%z poF 2 b, FEHCSEND
G E T 5 BRIE O FAET & CHIRCERHT
R0 7 OEF BT TE oV EHIWNR S
MHIRRT B, Zettner & Mansbach (1965)55°
RO Fe oFBICEFRESELHAVL I Y
BEL, B Smeg/100ml T Fe #RZ 01 1
ml ORABIUTHETE D & BNTER O E5HE, HE
o Rt A&l R Fe B3 2 & s
BINBEIATHS.

3. . :

FefEh D Cu i MNBEE s BBIRE e, 747
IV EESLTHBETher e T 52 3 VIEERK
hifiied bbh s, BAOKER Cu EHEILFY
100~150mg & & h, ZOFMIFEC VWHEAS
, PWTH c BREL, ThHOEHETEEDN
B LB, il bHER L LTRSS R
%555 [yEsho Cu (% 2 DOBEASES D, —
DRTATIVEPLIFBELTCIWTELLCGE
BAE NS Ca TH Y, fio—2i% Cu HHEH
PR EAELTWAEAr 7T A I VTCIRIL a7
7Y VAECSHS. M Cu Db BAFEIT, 95%
RpECaThs, ROEBEFRAIerr /T AT Y
DEBRLYEL, BORI - FWEEOE R/ « Mgk
THROMRME - FPEMLAERRE LCOFRERE
23b b, Fofiuz Cu IXERLEEROEES TH Y B
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RRECEEGT 55, MiF Cu EOEFEET 90~130
meg/dl OFEFCH O, - Fih - T RITE O
BUIH ORIV, —OZEEN L L C DA R EEEIE 6~
8mcg/dl £E%2 B, ¥-IEREDIE) estrogen %
androgen OHEILMFE Cu {Hx LR w5 & W
zl_) 35560'%53)_

EEPR 7 B o Cu SR\ TOREIT
D7z <, Koch & (1956) WD 17D D\ T O
BHBE—E LIHANTA DI a b X 580, ET
TEGE CIE T2 U h HRIEE ¢t Carruthers
and Suntzeff (1945)20% methylcholanthrene @z
EEAC X 5 REERCR T, KENBEEL TS
& Co FRBRSHCEY LEBXREET 5% CEE
R T BEENHETS LS bl TAERA
PBabhs &L, Wicks (1942)60 4 FEEDER %L <
7 A DREFEREC OV THEL T3,

I Cu fEHC DTk, BHEEETRHEL T35
LOWENLEL, TR PR EOERICOVWTORMR
BIRRTW5, T Keiderling 5 (1953)890 X
5, MiE Fe offT& Cu oBEHsEL T 508,
Z i3 necrosis A U A ERRREIE RE EE DU
XLREEHFDORFECL > TOERISNIHLET
B o EBCERNRE L E TR T 5L 0,
Sachs % (1953) 68222 Sinha 5 (1970) 570 &= & < EMEE
M AR cmE Cu i ERAT5ET50D, £z
Z M & BAfRe { L&+ % & @ Yamaguchi & (1958)5®
@ rhodamine W& ts & ©f Walker 256 [EIS2 B L
TOHER, Xbix wrrv7FF A3 vk C-reactive
protein OEEHEE OHBEBEGREZHREL T2 L D
ENGH BN DS, HEA R BT 5 MR OEE)
BH1 C Weber und Wegmann (1968)70 [ TEEFRAY
Te BB EAIEDO /LD 1 DL L TErr FFTA I Y
(Cu) D EFEZ HTT B2, ke ULTh miE
Cu merr 73R v A+ bl TiEieh {EAL
NI prayv Py 7C¢ RNA-RNA amino acid-»pro-
tein CELERBHO L hICERE b 2EE L LR
JEEEAE OBELERINDL L IATHDLE™, —
¥, mE Cu EREOEKRAEZEL LT Mortazavi
(1972)"» ¢ lymphoma (& DWW TORECT A SIS &
5, BENBREL NS L ETMmE Cu ErME E
BERERBCORTERL, RECL > UEERKRE
THEERTHRTL LV, i Cu ExflET s
& 7% prognostic and therapeutic index L7 b LD
WEDL O, TOEROBTFIHLE S THBICELE
Kiyskio — &% Ao T AT b Rk o &
72, T BEEUEBEI T A §E Tk Albert 5 (1972)

N, RATRREREH & MBEOBRL BT B,
FRIC LB & KEEDFRGRIE Cu fENE L, BECx
THRHPIERCTE BB OKRE 3R RAERT B E
EhBE2oh T CuENTHRL T EDHERH S
23, FE L FMCIRBATREL 2 Sl oun CRIROE
BEEELIERND S,

R Cu fEiC > COERBEEC AT HHRERAR
BBl FFIIE TR X A REERL
AREDIRE A LD mHER D 0.001 ppm DUFCHEl
BCEIh ot BEPIEEEEOME Cu [HI S F
T R Cu Bt OB IME & Bl X 5 Tho 7o,
BidDEr e FF A ¢ VIZRBCERES R, 32 A
EIaF A B U CTHRNE X L B oD I R E ORI 7o L
DREBTHDE LD,

4, =T FRVTA

Mg (ZAEGNCBELS S LEBA A v L L TAH/ER
HLBEFEL TS, IR TIE A Y 7 21200 T
GHEEh ATP 5B - AR A 7 7 4 — EDiEHE:
FELT, Flebl@7ArhVErA7y 2—ERL
CEuhATy 2 —EDEREEDSHZ LITEETH
A0 fRaA IBpeit NasK«Ca i o\unCm L
- oBEECES L TwA. Mg ofREhaoWTC
it Wacker & DEEHI/CIESIA A BRI DA, A
Tt 21~288, fat-free #fk kg H7- 0¥ 3.6 mEq
GEhan. EHRA Mg o¥5rElRBChD, XD
iz & A EFES R T h DSt o BEREME (O -
B d) &ML T wb, MiE Mg &k 1.6~2.1
mEq/L oSl TR D, $30%% albumin &
AL TE h—#T a-globulin &#HEHE 2L D,
FRVVEEL 2 e 4 FRY VEBBEEHE Do T
5. [Mish Mg D25~50%03EEL Sh s, &
B - fEh - BERF) - THi CRABRLEEIA DR
7oAy, R T 5 E EF R mE O
350D Mg BNEHFLTWADT, FRAOBCERLEH
QDT HRLDNCIE S B A s T 5 ED B B,

Mg OEENEGRECHBEAGEOmMPBRECHAT
LS Haury OfFSTHS £, P EETIZL
DEBEIIFEFT AT L TEMPRENTE W& T5
bDE, Mg HEOH TR T T L BEEG AT
EDZERBEGCOTELEBICIDOLSE DA
Biewk a0l d, BEEAMEobon Mg ©
SHEBELY D E—BREMIALRIE X 51, i,
BHED BED L5 CEEF Mg oWk U T5
ELBeH b, b Hickie & (1967)8p% Morris
hepatoma 5123 tc Fhd Mg (XHED rat DFF X H25
BWMLTHBEL TR Y, EHEDOHL (1972)80
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L EEES > Mg SFEO WinE AL w5
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Dz Edh Mg Bk ) BERHERBO R BES R
L ORERS B EE T, HFC Mg OFR5IIE
BORRYESR I YHIEL T2 L 08BEPL, 3
bz Mg iiZngychh RO THI [BREORE
WL EHLdADR N ETH LR Y, BER -
FHROEEOBBETIEIENL > THS. ZoZk
EMAFDO Mg oo Thnwx 5L 5C, EEETSY
D, BHPLTHBET540, %Mqué&?é%
DIt EEHEZHRDO L 5 TH 558,

R Mg w2 C O Yanagisawa (1954) &
CrbE, EEETOB Mg LEFE Mg 2% 8.1
mg/dl & 3.8mg/dl ‘¢, EBATL FhEh 6.7
mg/dl & 3.0mg/dl LEEBED BEI L THCLER
LTWw3b, LnLZ Dz &XIERADRESE « [T -
BHIEEE s a7 e -t Fod2cdibh, K
BIZDHRALNDHE T X 57,

Bk, Mg @ounCidiEE « i « [Rbounwhic
HALTE —BD FEE 2bRis\ X 5 THB A,
Mg & EMBEEOBGRTHRSD D 2 &g K
Mg BB hATH BETHB. Tibhb
Italy CTIXAEFO Mg B& BETELE O MO
HEEY B D, AT Mg O0BOSRGHITIILED
SN B & OWER, Egypt EOREHE
PEC DT RO Mg B3 2\W 8\ TH D & DG
282, X512 18 International Symposium on
Mg Deficit in Human Pathology To v EHD 7 i £
=7 MECE Mg BrEAR BLoB8E RVE
b Cix B R oRE P, Mg bt bFho
HEHTEL GRECR VI CILE W RBERLY LD
Lo &\ 5 Es0e Enb 5 shiboh B ORI
FELTo Mg —EL iﬁi& LTHADbRE LS
7,

5. AAVYA

Ca WAL AL ThBH, Lok Ca
£ BIT800~1, 100 8 I L VAP EBE & L TiiiR
LRETHSD., TORBLEIF LHECHFEL, &Y
DT BRI Wb C B by T
5. EEAOME Ca BEIL 9~11mg/al THD,
MEEAEEBAL TS Ca 35%), 1+ ViRERT
55 Catt (539%), HCOy 7 = v L iEE LT Ca
Batk (12%) O3 ODHEIRHTES. 2032
D5 b AL FBETH 2L TELOIR Catt &
Ca BHEKLDH Y, ThOIBARBRMAER Ca Lixs

DEDOKFHE RAECHERRER, BoD b3
LOBARPEHEI N B DL THS, BOMERX
i Ca iMNBLI THT0% 2RI E h B Ais-Totoor
BE L vt X RPcHhit E s CalifgnE ol
0BT Eisvs. Ca DEEROATELEY, BEO
TR « I OWRE - FTEE B OFRE - LREFHOHE
¥ MR O BENRE - BEROEMAL - Fih LR
T RO TEBRBEREHEL T 5 2 LIEETS
BB LR D THEO TSR, FIIEEREROD
Ca RN OV TDLEZET S,

Beebe (1904) (1EE#EMF D Ca XEHAKI D
WO L5 EDHER L, Policard (1925), Buch-
wald (1930), Brurschwing (1946), Dunham (1946),
DeLong (1956) &ixfaRagic, Shear (1933) % Jen-
sen sarcoma <2 Rous sarcoma 7 & OERMEEIC
DT, X i Carruthers and Suntzeff (1946) %
ZOEH D\ TEEESF O Ca HOETEZHREL
T %9099 IBRORTHLESHCKEEFTTHL0D Ca
BELEL, b0 CA{ETFRHALTHY Y 258
FEIML T D, FEOEBREIIEREZMEL T
DPELHRBR L0, X HicHifgED Ca 2383
% L EHBRERE A I OB E R 5 < Ix b B AR~
DEEPEBELYO XS TEV5 Ca ofifatt ko
BER DX BHEL H B0, 20 k5 g
D Ca FEII—BHIETL TV 5 & DORERI X
570, —7, BEO BRI EEEREI DD
Ca EFEVEDOHRELLALRE™, EBZOEL,
BB A L TSI Ofm 24 b R OR
HE—FHL T WHISRE R .

miE Ca > WU EREEEETLE Ca RfEY
BFazlizlr-o LT EhinZ & T, Myers
(1956)97 %= Woodard (1953)9 |TEEMETEE & WD
DT BEORIBITE DFEBT OV DRI
Abhd ERNTD, EEEEFCL ECHED
m%m&%h,ohfﬁ%'%ﬁ%Qﬁm&Bhék
V500 EEORGE CIIEM DAL b5 FEMEEE
oE Ca MENHRbRhIcH, ok dieE Ca JIMIT?E
%t?@ﬁﬁ@*ﬁb@CaﬁﬁLié%Dimk<
R CORAD Ca fBETH 2 BEET 2L OT
BB pWe 100 = DEH B O Ca DI OEFIOWT
FBx0@rHabhE, TbEVCOREENECERL
THBEEREC L vE Ca IEXE L THFTHS.
Fhi QR BERL R 2 TEGOSRSE Ca MfE
HELIDEL, TOEAT Ca OFHLIMF~DHK
HE2 L0 PR BRI fodile Ex bR T
B 104,102,109 o 1R B4 R L3 ORISR B
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WTE Ca MEEDEHERL T ENENRTHAHERE
LT Baker (1956) 13 BHREIGT & b THAR
eI B X v I hic Ca 23 BB
CHEINB DR ERXTWB00, —F, FERE
B bbb Ca MEXET56% Gut-
man 5 (1936) 2@ELYY, o FERERK oWwT
Albright I3EEs BIFRIEE A= vikpE PTH)
AL TWAAREM 2R L €, Berson (1966) i1
= o PTH % radioimmunoassay # W TREXRE
i T B e R LI, ZARBL TR O
k57 PTHHEOLENBEE CRItbhdZ &
A Ca MENPHERE L TRLBHIWILOD0E
Sriz k3. S5 Gordan B (1966)199 1k b
BB > pro-vitamin Dy TH % T7-dihydro-
cholesterol & X L7 B A L osteolytic ste-
rol & 435370, Tashjian & (1972)197 {3~ =
DEFHE WS D prostaglandin Ex ZREELD,
Singer & (1973)199 OMIFNEL b Oy s EIE
S TS Ca MEAVE R4 X5 hWENG
BENRTWBEZEETRELTWARENADND, £
DERMNCLFALa AL F~-PADI S EZ IV D IC
ST ARREHEOML 540, SREEHE . Bl
e EieiE Ca MEENRH LR BCZ L2353 &bt T
L\Z)loo,lol).

Ao Fd Ca Pk, & Ca MESLLRD
EERBFRCHBE L URPIEBE S h D L 5 THD
AL 10,100 L L fRep Ca BRIET D Z LICEHET
i 7s <, Gardner B (1962) 199\ XRTEOK L
Ca MENEVFUBOBEBIC, TOWBBDOREED
X 5% R Ca BHlECTA L 5 L AL TV E2EH
Tx 5 index Eillsbinu s SRS T 5,

Pk, HEEAD Zn 2 Co ofRE, Bk
BE4% Fe, iHERKOE Ca MiEXERL, ThZLD
SBEOVTERLTE L, BRI 28RN E
& LT trace metal 5T 5 2 &%, ThAHD
AR HSE R LB AR /s A AR L T B LR D
PR TNV ETHS, LrLERYETO
—fBEE R 55 Z BT TA T, ERNEEH
BEg e &R (- TORERECE ORIER OV
TOBRCLD, ChHDOLEDREL T HEEIE
BahsibiE, BoRi—FiiEdaILeins
5.

VI, #% Bl

BERCIERE B o BRI, MmE, ReonT
trace metal & LCOTEH (Zn), ¢ (Fe), 47 (Cu)

L, ChBEMHELT=2 %2y v A (Mg), By
& (Ca) HETFEXSSIEF CREL, 2 EDHR
w157,

1. SRRANCIEMEE & BREASE S 2 L T2 5
L, BETIE Zn » Mg O¥i, Cu oFd»R&DL
h, F—A DWW THE L TATH R Zn o8N
fHimE: Mg o8, Cu OFED»ELRIC.

2. ARMCBEEES: ARMEE L Hi) Tt
WL THh5 &, Fe fHOMME Zn OBEMETILFLE
REgZca bR, Cu O BEEEECERECS
b,

3. WEERICITIIERRED Zn 23, T OO
R X b Nl T,

4, FESRSARNY BEREREEC X B ERIT A bR s T
A, BEOBEENC L (5% L Stage Bi-D B
» Cu O & Stage O-A > Ca 0B AR LR
7o,

5. EEHESEE OMIE Tl Fe 23MiEE ACERE
BRBOBCH LD Tk,

6. A REMIEE OHERCEIMA R b 5 E
TREMDEERCHERT Zn & Fe s, Cu o
B HR bR, FR—BET O UEEREmMS S bR
WA L 7B DM O M E oW
3 FRRE B Zn & Fe ojfid & Cu o8
BHHMN, MBARIHEINE L, ThTNIEEHE
AL EB D EAIRE R

7. WBEMCEBEAENAD S E Zn & Fe OEd
BABRIER, A/G kot —E L BRI ARD
nish-o e,

8. EEHRARELENWESEEOKS JOBBRKRED
ZORCONTHD &, BEACH UBEMSEEE T
Fe PHE-E ML Mg iMETL T,

0. EEMEHREOREIME L, BREBREBERCH
BTnsd, BERED Fe & Ca 0ink L OEER
TD Mg DETRALRIC,

10, ¥BIE, BMOFELXLHN, 20 LFCOW
THELTARB E, BlNH5 & Zn & Fe OoBinm
ZEdbh By, BhoBRENTEECS L, ¥T
Zn oA HRbh, K&Eicics s Fe & Ca 23
LT 5.

11, fBiEfks L CBEBEACRT % Zn 2 Cu Off
#, BHAEMC B35 Fe, HERORK Ca MiE
ERDOWTHERLLA, Bkl 2ERNWEL L
T trace metal #IFFT5 & LIXBEETH -7 L
2 UBRRRRE, & wBRSBFHCENERT oW
Zhb o trace metal D—FAEmZ L 5 = L1
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