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Abstract

In the contemporary society demand for heavy metals, their production and consumption
have been considerably increased in a daily life. As a result, release of the metals to our
environment not only gives a continuous impact but also raises serious or probable problems
on human health.

The present research project entitled “A Comprehensive Study on the Development of
Assessment Techniques for Health Effects due to Environmental Heavy Metal Exposure”
was thus designed and carried out by researchers belonging to Divisions of Environmental
Health Sciences and Basic Medical Sciences with collaberation of those in Divisions of
Chemistry and Physics, Engineering, and Environmental Information during a fiscal period of
1982 to 1984.

The principal aims of the project were two fold : (1) to obtain a whole spectrum of
health effects of heavy metals, particularly cadmium, in terms of a low level exposure for a
life span. { 2 ) to find and develop new sensitive indicators useful in evaluating health effects
of heavy metals. The research project consists of eight independent, but partly inter-related
research plans as described below. In the plans, experimental studies using laboratory
animals and epidemiologic field survey on human population at risk were carried out.

The eight research plans are : { 1) assessment of health effects in people living in heavy-
metal-polluted areas, (2) effects of heavy metal exposure on the metabolism of essential
elements, { 3) effects of heavy metal exposure on homeostasis, particularly of endocrine
system, (4 ) development of a metallothionein radioimmunoassay and its application to an
epidemiologic study, (5) effects of heavy metal exposure on drug metab(;lizing enzyme
system and on lipid peroxidation, (6) studies of heavy metal exposure on the cnset of
aneamia, (7)) studies on modification factors of heavy-metal toxicity and (8) effects of
heavy metal exposure on the regulation of body fluid and its constituents. Scientific

achievements on these plans are described in 22 articles which are included in this report.

Key words : cadmium, @,-microglobulin, &-microglobulin, N-acetyl-g8-D-glucosaminidase,
urinary total protein, metallothionein, lipid peroxide, red blood cell, pretreat-
ment effect, renal tubular dysfunction, urinary osmolality, thyroid gland funct-
ion, radioimmunoassay, environmental cadmium exposure, isometallothionein,

cysteine, body water balance, chromium, copper, zinc.
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Studies on Urinary Cadmium and &.-Microglobulin
of Residents in Cadmium-Polluted Areas

HEFETE - A B - B

Atsuhiro NAKANQ', Hiroshi SAITO" and Ichiro WAKISAKA!

g B

RBfEfa Fiva (WFCdEED) RELIOBRREESOERANLEE RSP CIE
EBRURP {-<A 77070y (UF g-mg &84) BELOBEGRYHBCTEE
Hiz, Cd LEBEMEERECRHRCKSV-TCdBEL & mg BECBFEY B, Fi
BlicBat L,

gy, Cd LEFREE UCIKE R NMEET, BB AT, BRIy, xt
R & L TR ARFNET 2R AR, & 1979 05 1980 ORI, 901 ADEE
ELPRRAERLL, RPCAdBEL7 v — s VAEFREECEREL, 3-mg BE:
SUKALLT v AETRELL., BER v 7F = vHTRLL,

Krp Cd BEZSWHER RV TER S L LCERAC LET2EEL2RL, Cd 3-8
BB R B R AT a2ERrbt Y HREE  » 7o, B 8-meg BE
Cd T BHYmER TR : & 0B HEBEMNC LR L, HEEER TR
Babhidetc, Bk 0ESHLES0 CdBE L 4-mg BEFEE L IEDOHBIM
FBrRL, CAFRMTEECEE LT3 28, IABRETOBERE T X b Cd
ORPEHOPREEZ R TVH I EAREE R, T, Bhae-mgBE T2 F4Cd
EEoBBREMECEC BV L, BEOREAMBIT MBI ND I LAVRESX
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Abstract

To clarify the relationship of environmental cadmium{Cd) exposure in man with
regard to urinary Cd and &-microglobulin(&-mg} concentrations, the relationship
between urinary Cd and 8-mg levels in residents living in Cd-polluted areas was
studied according to sex and age.
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machi, Tsukuba, Ibaraki 305, Japan.
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Present address : Nagasaki University School of Medicine, Sakamoto-machi, Nagasaki 852, Japan.
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As target areas, Cd-polluted areas in Kosaka in Akita prefecture, Komatsu in
Ishikawa prefecture and Izuhara in Nagasaki prefecture and as a reference area a non-
polluted area in Ikawa in Akita prefecture were selected. Epidemiologic studies were
carried out in 1979 and 1980 and an early-morning urine specimen was obtained from
total of 901 subjects. Urinary Cd concentration was measured by flameless atomic
absorption spectrometry. Urinary A&-mg concentration was measured by radio-
immunoassay. Both concentrations were expressed by creatinine ratios.

The urinary Cd leve] was significantly higher in both male and female residents of
all age groups in Cd-polluted areas than that in non-polluted area, and it increased
linearly with age. The urinary A-mg level in both male and female residents living
in the Cd-polluted areas was found to increase exponentially over 40 vears of age,
whereas in the non-polluted area it did not increased with the age. There was a
significant relationship between the urinary Cd level and 8 -mg level in those residents
aged 40 and over. These results suggested that renal tubular function was influenced
by Cd accumulated in kidney tissues, and that urinary Cd excretion was increased by
renal tubular dysfunction. The regression coefficient of the urinary 8,-mg level to the
urinary Cd level in the residents aged 40 and over was decreased with age. These
resuits suggested that the relationship between the urinary Cd level and £~ mg level
was affected by aging.

1 @FLsic :

BAg, BogEEfcior Viva LITFCEMT) KL BERV|ZR L
BOFEL TS, JALDMBROER, T CEEIRRXCHRYANTEEL TR,
Cd Rk FEORBRLHERIEBORB R ES LN, ER~DOHOL S HBELEEIL k-
& Bibhsd, BETL—HBALIIEV-CAREEVE-TVAHLDEFHEEAE, AT
BIDLEH 7 CdOERERBEZES S IEE, FRHEOPTHERIABRNES LY, RLERE
C CAEREHLTPL, IoEHLLCCI), BlEHCRETOES TR v~ 7 HOHR
INBEAEEI R TPLADLELBNTVEY,

Efge-3nd Cdiz, BESPCABEROHEACIATNREY I<RITHZL0b, CAB
BOLREELAAIRTWAEY, ILBRATOES FES v 7 EHRIEREETOHRE S
LT, Bl 2d3hs g~ Arsesm7 0y (LT Smg ST OBEIES#HRET:
BEFELZLRLTVDY,

Fov, CAr X hHEEREF R LitioERck €, CdBEORETH DK+ Cd
BELBREATERECIEETCHLRS £-mg BEOMFY, WA, B&h, EWICERR L,
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Cd - F g E R 31 5Cd & B-mg 0 R b2 B+ A B4

AR AT F K RO R T REIRET 220, BFEIOBBHRARE-1, THE, %
H, HEBEEREE-2 & Ui, sRE - U THKE R BB BT ATE R OTF dokt X A58
A, ThLORERBEOSE,DL RN T TOLERYMAENSE L, ER, Bkh), F
KANOFEBREFRLE LR LL, BRI ATH -T2, ThbOBRERL, HATEhELER
D Y%L YL 7o, T, ZALOTEIL 1979 £ 5 1980 FORICT - 72,

F1 Y IV AEEHREOANBEBERK S5 %ET, ERIOBERER
Table 1 Number of subjects in cadmium-polluted (Kosaka, Komatsu, Izuhara-1 and
Izuhara-2) and non-polluted (Ikawa) aveas by sex and age

Area Age 0-9 10-1%  20-26 30-39 40-49 50-59 G069 T0- Total
Male
Ikawa 10 15 5 11 17 16 6 7 87
Kosaka 4 10 11 10 13 15 12 9 84
Komatsu 7 23 12 12 17 9 23 9 112
lzuhara-1 6 8 6 8 2 12 6 2 a0
Izuhara-2 41 22 22 85
Total 27 56 34 41 49 93 69 49 418
Female
lkawa 9 12 12 11 16 18 12 8 98
Kosaka 7 14 1 13 22 5 14 1 108
Komatsu 6 11 20 14 16 20 18 12 117
fzuhara-1 3 1 9 K) 7 15 5 6 49
lzuhara—2 48 32 31 11
Total 25 38 52 41 61 1y 8l 68 483

IhLOREEHEERS SRR ER LY, toRRBO—Ho v ERRIEZ L THLIY,
g7 F=vECAdRRE L, 7 vT7F - ViR REY 20 fEHRL, Jaffe o UECHRIE L1,
Cd REER A R 10 U 20 {5 FBLT, D7 vV RET7 v — o vARTRRRCRIE L.
e bDOFRFDOCAd D7 v—a v ARTFRESI TR, E R T 6E < BERERE CITA V.
FoTC, fADOED= ) o 2 AR EBLT L LDCEERYREL T, e Cd oBBEY R
LR EERL LY, amegid, FT-A%EMY vBESHRK (pHS.2, 0.2M) #EK3mlk
2HOEETME —20°C THRBFELT, A1 6/ T otkdE (77w THB- <127 0TF A
R OTHEIE L 2,
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Cdt amgo nbBHRCKSTA2BER, 7vTF=vigHioug$, bbb Cd/
srTF2VE (ug/gr v T EV) & Grmel/y VT F = v (ug/g 7 vTF=r) TRALR,
¥, chbOoBEOEOKTEL Student’s f-test 24 - 72,

I8 R
Cd HEBE MR & W RBFERORHFRckits CdBEY, £2, 3, K1, K2Rl

MALE
e 0 TKANA
B3 KOSAKA
G———0 KAMATSU
s [ZUHARA- |
a——a [ZUHARA-2
3 (MEAN:S.E )

22.50
N

(]

Capmium (pa) / G=CREATININE

T T T T T T
1} 1 20 30 40 s0 BOD 0

B 1 #FiaBEliEosBtfoftERicsrsRbr Fiya,»
v7FE= vl

Fig. 1 Cadmium/creatinine ratio in urine of male residents in cadmium-polluted
(Kosaka, Komatsu, lzuhara-1 and [zuhara-2) and non-polfluted (Ikawa) areas
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Al

Rep Cd BE v, Cd HEBHRuSERON 3 Bl E R HE~T, Sl £FRichbio»T
BHEEXL > TEP -, BEoRS CdREL, Cd HEBRME, oMk - §Fko -Ric
LT —®wBARA R L, — AT, RAEREOFTEREREOTFEILD TR,
TR, ok, S0RMRIESELY— 2 ¥ RT Cd o Rpgo- 2 — v &R L1,

FEMALE
Geeee TKAWA
B—8 K0S AK A
& -—— KOMATSU :
A——a ] JUHARA-]
m——a [ZUHARA-2
: (MEAN+S.E . )

22.50
1
L‘:—____

Capmium (p6) 7 G-CREATININE

B 2 »VioafEERosBiplodaRckidsRbes Y iv s,/ 2
V7ZF =M

Fig. 2 Cadmium/creatinine ratio in urine of female residents in cadmium-polluted
and non-polluted areas
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P LrTFF=H
Table 2 Cadmium/creatinine ratio in urine of male residents in cadmium-polluted

and non-polluted areas

A
Aren B 5-9  10-19  20-29 3039 4049 5059  60-69  70-
Arithmetic mean (upper) and 8, D. (lower)
Ikawa 0.5  0.66 1.05 1.32 1.79  1.90  2.17  2.28
033 043 030 064 0.7 095  0.71  0.6]
129  1.71 29  6.02 7.98 496 650  7.60
Kosaka 042 08 133 271 566 170 286  4.04
204 259 428 510 697 7.23 1064  14.87
Komatsu 0.71  2.37 1.97 1.87 457 427 7.24  6.63
B 2.01 142 463  6.23 477 8.8  10.96  13.01
Izuhara-] 042 03 160 1.80 250 400 528 7.7
7.2 734  9.89
Izuhara-2 458 452 5.60
Geometric mean (upper) and S. D.*(lower)
(5. D.* : antilogarithm of S. D. in the logarithmic scale)
0.52 056 1.00 1.19 158  1.69  2.08  2.22
Tkawa () 1.73 1.80 1.45 1.62 1.67 1.65 1.38 1.29
122 153 269 553 678 458 577  6.81
Kosaka (8) 145 166 160 153 177 15 1.7  1.65
1.91 202 3.8 579 552 622 834 13.65
Komatsu © | 4751 193 169 142 211 1.8 211 1.5
_ 198 1.39 4.3 597 444 809 1012  11.80
Izuhara-1 (©) 123 1.2 151 137 173 155 1.5  1.89
_ 6.21  6.00 8.36
Izuhara-2 ) 179 1.98 1.8
P-value

Avs B 0.016  0.000  0.001  0.000 0.000 0.000 0.000  0.000
Avs. C 0000 0.000 0.000 0.000 0.000 0,000 0.000  0.000
Avs. D 0.000  0.000 0.000 0.000 0.016  0.000 0.000  0.000
Avs E 0.000  0.000  0.000

B vs C NS NS NS NS NS NS NS NS

B vs. D 0.035 NS 0.054 NS NS 0.003  0.045 NS

B vs E 0.071 NS NS
Cvs D NS  0.03 NS NS NS NS NS NS
Cvs. E NS NS 0.040
Dvs E NS  0.088 NS

NS : not significant
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Table 3 Cadmium/creatinine ratio in urine of female residents in cadmium-polluted
and non-poliuted areas

Age _ . n " _ ~ _
Area 0-9  10-19 2029  30-39  40-49  50-59  60-69 70
Arithmetic mean (upper) and 8. D. (lower)
Ikawa 0.62  0.57 1.27 1.44 2720 3.25 3.23  3.09
0.34  0.25 0.5  0.49 1.05 1.30 1.32 1.03
1.91 1.37  6.33 803 1052 10.98 13.55  13.87
Kosaka 0.8 049 670 3.74 3.83  3.47  9.28 7.00
213 212 6.8 850 11.71 21.21  14.83  14.46
Komatsu 1.86 1.66  5.95 5.18 5.46  11.18 6.35 6.87
_ 0.89 3.3 6.91 912 962 26.24 17.85  16.36
[zuhara-1 035 0 571 288 381 28.82 11,15  9.47
B 11.88 1550  13.73
lzuhara-2 7.81 12.40 6.79
Geometric mean (upper) and 8. D.*(lower) .
(8. D.* : antilogarithm of S. 1. in the logarithmic scale)
0.54 053  1.16 1.3 252 3.02 3.01 2.93
Tkawa (3) 177 154 159 148 153 148 147 144
1.74 1.29  3.95 7.13 - 9.93 1045 11.75  12.08
Kosaka (8) 159 1.5 278 171 1.40 1.4 1.6 1.79
1.63 1.63 4.69 7.11  10.40  18.28  I3.61 12.82
Komatsu (© 221 215 257 1.8 1.1 118 154 1.7
_ 084 333 499 B8  9.93 1910 4.8  14.59
Izuhara-1 (D) 15 0 233 1.35 1.3 213  2.01  1.66
9.82 12.76  12.30
lzubara-2 (E) 188 1.80  1.83
P-value
A vs. B 0.001  0.000 0.003 0.000 0.000 0.000  0.000  0.000
Avs C 0.011 0,000  0.000 0.000 0.000  0.000 0.000  0.000
Avs. D NS 0,002  0.000 0.000 0.000 0.000 0.000  0.000
Avs E 0.000 0.000 0.000
B vs C NS NS NS NS NS NS NS NS
Bvs D 0.051  0.027 NS NS NS 0.010 NS NS
B vs. E NS NS NS
Cwvs D NS NS NS NS NS NS NS NS
C vs. E 0.000 NS NS
D vs. E 0.001 NS NS
NS : not significant unit : pg/g-creatinine
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Fig. 3 A&~ Microglobulin/creatinine ratio in urine of male residents in cadmium-—
polluted and non-polluted areas
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Fig. 4 A-Microglobulin/creatinine ratio in urine of female residents in cadmium-
polluted and non-—polluted areas
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Table 4 A-Microglobulin/creatinine ratio in urine of male residents in cadmium-

polluted and non-polluted areas

Age _ . . 5 i . . _

Area 5-9  10-19  20-29  30-39 4049  50-59  60-69 70
lkawa Min. 53 7 99 1 4 7 14 16
W Max. 662 185 83 275 204 402 54 979
Mean 135 48 46 66 66 53 32 62
Kosaka  Min 64 45 33 58 54 62 68 93
® Max. 208 284 378 270 1050 9311 4943 38637
Mean 125 94 75 109 165 197 238 2547
Komatsy M- 78 2] 12 33 27 79 A7 1239
o Max. 219 145 438 508 7621 33497 69823 70469
Mean 108 110 62 85 149 971 1294 15276
Lpuhara.y MR- 78 17 32 13 12 78 42 175
o Max. 162 103 126 307 232 3917 35400 91201
Mean 606 54 61 48 53 535 839 3990
Luharacy  Mif- 3 52 15
u (; Max. 1901 25527 17701
Mean 141 331 723

P-value

Avs B NS NS NS NS 0.003  0.004  0.003 0.001
A vs C NS NS NS NS  0.008 0.003  0.000  0.000
Avs D NS NS NS NS NS 0.000  0.023  0.043
A vs E 0.006  0.000  0.005
B vs C NS NS NS NS NS 0.028  0.014  0.038
B vs. D NS  0.049 NS NS NS  0.072 NS NS
B vs. E NS NS NS
Cvs. D NS NS NS NS NS NS NS NS
Cvs E 0.024  0.089  0.000
D vs E 0.002 NS NS

Min. | minimum value,
Mean : geometric mean,

Max. : maximum value,
NS : not significant

unit : (&-mg)ug/g-creatinine
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Table 5 A-Microglobulin/creatinine ratio in urine of female residents in cadmium-
polluted and non-polluted areas

ABe| 5 9 10-19  20-29 3039  40-49  50-50  60-69  70-
Area

Ikawa Min. 8 12 21 12 32 8 8 15
W Max. 462 211 511 152 209 506 434 2723
Mean 73 46 72 58 72 67 66 158
Kosak Min, 81 36 47 37 40 48 99 212
osa (1:) Max. 175 372 132 340 452 625 8318 114551
Mean 104 91 82 93 112 185 710 3006
Komatey M 71 45 52 52 58 51 105 130
“‘(c?“ Max. 357 267 357 615 1064 68865 123595 116145
Mean 143 76 96 100 156 982 2466 7015
Ipuhara g M 72 63 50 72 72 57 117 337
o Max 153 63 899 142 798 49204 151008 128825
Mean 111 63 127 100 197 1334 2884 11885
Ipuhara-p M 38 74 110
(EE; Max. 4721 90573 58210
Mean 215 365 4315

P-value
A vs B NS 0.029 NS NS 0.013  0.001  0.000  0.005
A vs C NS NS NS NS  0.005 0.000 0.000 0.001
Avs D NS NS NS NS  0.004  0.000 0.001  0.002
Avs E 0.000  0.000  0.000
B vs. C NS NS NS NS NS 0.003  0.095 NS
B vs. D NS NS NS NS NS  0.002 NS NS
B vs. E NS NS NS
Cvs D NS NS NS NS NS NS NS NS
C vs. E 0.006 0.076 NS
D vs. E 0.003 NS NS
Min. : minimum value, Max. : maximum value, unit : (&-mg)eg/g-creatinine

Mean : geometric mean, NS : not significant
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Table 6 Correlation coefficient between urinary cadmium and S-microglobulin
concentrations in residents in cadmium-polluted and non-polluted areas by

sex and age
Sex Age | 4 9 1p—19 20-29 30—39 40—49 50—50 60—69 70—
Male —0.083 0.250 0.316 0.237 0.39%8 0.460 0.652  0.577
Female 0.373  0.216 0.260 0.177  0.462 0.642  0.606  0.546

* 2 P<0.05, **: P<0.01, *** : P<0.001
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Urinary Protein Concentration as an Index to

Evaluate Human Health on a Group Basis
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Abstraet

Epidemiologic studies were carried out in cadmium (Cd) -polluted areas (Izuhara
in Nagasaki prefecture and Kosaka in Akita prefecture) and a non-polluted area.
People living in these areas were requested to provide an early-morning and a 24-hour
urine specimens. Protein amounts in the urine specimens were determined with
Tonein—-TP method. Excreted amounts of protein appear to be independent of age
and their values approximated a log-normal distribution in any of the three different
populations. Cumulative frequency curves on urinary protein amounts of people in
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Cd-polluted areas showed a marked difference from those in a non-polluted area. It
is concluded, from these results, that measurement of the excreted amounts of protein
15 very simple and also expedites in evaluating renal effects of some risk factors such
as heavy metals, drugs and hypertension.
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Fig. 2 Cumulative frequency curve of protein concentration in morning urine in
junior high school boys (senior class)
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cy curves of protein concentration
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with age from 50 to 69 in a
cadmium-polluted and a non-pol-
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Results of Blood Examinations of the Inhabitants in
a Cadmium-Polluted Area in Nagasaki Prefecture
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Abstract

Two hundreds and eighty five blood samples were collected from 119 men and 166
women aged 50 and over living in a Cd-polluted area in Nagasaki prefecture. They
were analyzed for Na, K, Mg, Ca, P, Fe, Cu, Zn, Sr, total protein, albumin, 8-micro-
globulin, e, -ricroglobulin, alkaline phosphatase, GOT, GPT, ¥-GTP, BUN, uric acid,
creatinine, total cholesterol, free cholesterol and trigliceride.

. BRIST~50EE BuUAHMANEARRKA

Visiting fellow of the National Institute for Environmental Studies (1982-1984).
HEAEPRET BREREE T 305 SRR AN IRE HESRT/ BRI 16 % 2
Environmental Health Sciences Division, the National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.

- BfE D BEEAERESH T o852 BESHEAEr 12 %4

Present address : Nagasaki University School of Medicine, Sakamoto-machi, Nagasaki 852, Japan.




AR TS

When subjects were divided to two groups based on a cutoff value of urinary
A-microglobulin concentrations (1000 ug/g creatinine), a group of female subjects
whose urinary S&-microglobulin were abnormally high (&-mg (+) groups) manifest-
ed lower levels of serum K and uric acid, and higher values of C 5 _ . (% Cer) and Cy,
{9 Ccr) than that of #&-mg (—) groups. These findings reflects the renal tubular
dysfunction observed particularly in female subjects.

The resuits that the levels of g&—microglobulin, @,~microglobulin and creatinine in
serum in g-mg (+) groups were also high may reflect renal dysfunction in the
glomerulus which seemed to be caused secondarly by renal tubular dysfunction.

The levels of alkaline phosphatase and Sr in serum were increased in 8-mg (+)
groups, suggesting that the metabolism of bone was altered in the 8-mg (4} groups.

Further, the Fe [evels in serum were decreased in the women in &-mg (4} groups
suggesting a possibility of the occurrence of an iron deficiency anemia.
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Table 1 Comparison of bleod findings of people excreting abnormally high concen-
trations of £ -microglobulin® and those excreting normal levels of &-micro-

globulin {Female)
50 - 69 (y. 0.) 70 (y. 00 -
A-mg () group | 4&-mg (+) group| Bmg (=) group | &-mg (+) group

Parameter N M SD.|N M SD|N M SD|N M SD
Na (mg/l) 64 3292 6920 3312 92 10 3298 8124 3297 85
K (mg/D 64 164 22 (20 1569 15| 10 168 17124 165 20
Mg (mg/!) 64 20 1420 20 3.1 (10 21 1324 21 1.7
Ca (mg/dD) 78 927 06725 9.4 064 |17 9.34 066 (27 9.07 0.69
P (mg/d!} 78 3.67 04725 354 0.54 | 17 354 0562127 330 0.55
Fe {(mg/D) 64 0.88 029]20 069" 03610 102 048(24 0689 028
Cu  (mg/i) 64 0.98 014720 1.01 0.17 | 10 1.00 0.1524 1.06 0.22
Zn  {mg/d 64 071 011206 064 00810 075 007124 0699 0.09
Sr (ug/l) 63 22 1¢1 20 319 14 | 10 26 9124 29 11
Total protein (g/dl) 78 6.88 058]25 6649 06617 666 062]27 656 65
Albumin (g/db) 78 438 037725 423 03617 436 03027 421 043
S-microglobulin (mg/i) |78 1.72 05125 2059 06417 229 10227 3.382 152
a,-microglobulin (mg/8y |77 1299 363 |24 15332 262 |17 1489 375|27 18.96% 6.64
Alkaline phosphatase (IU/{) |78 172 51025 214 86 (17 207 55|27 2449 87
GOT (aus 78 12.0 71125  155% 6.5 (17 14.5 70127 114 4.2
GPT U/ 76 85 79126 102 63|17 93 6.7 | 26 5.3 2.9
v-GTP au/t 78 12.0 6625 125 4917 169 4627 109 a1
BUN (mg/dD 78 14.2 33126 150 30117 15.4 34027 170 53
Uric acid  (mg/dl) 78 378 11925 3.22¢ 100)17 452 1.42]27 370¢ 108
Creatinine (mg/df> 77 094 0.15]25 1019 01616 1.02 027(27 127% 036
Total cholesterol (mg/di) 78 197 45125 187 43|17 192 29 (27 190 51
Free cholesterol  (mg/d{) 78 59 13125 57 13|17 59 alz27 62 14
Triglyceride (mg/dD 78 112 60|25 109 48 [ 17 94 48 | 27 105 46
Caomg (%Cer)? (% x 1003 77 7.2 25125 18409 3016 2.5 2527 7B4O® 47
Cya (%Cer) (%) 77 216 86(25 2090 136|16 182 68|27 320¢ 134
Age (years old} 78 57.1 53|25 59.3¢ 47117 73.8 46127 7749 60
a) o Bttv-a gemg 1000ug/g rrvFav
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Table 2 Comparisen of blood findings of people excreting abnormally high concen-
trations of A—microglobulin® and those excreting normal levels of f—micro-

globulin {Male)
50 - 69 (y. 0.) 70 (y. 00 -
B-mg (=) group | B;mg {+) group | &—mg (=) group | Z~mg (+) group

Parameter N M SD.| N M 3D N M SD N M 3D,
Na (mg/D - | 47 3292 78| 6 3243 81|12 3285 9% 6 3270 97
K (mg/D) 47 168 18| 6 172 2012 157 211 6 170 18
Mg (mg/f} 47 19 16| 6 19 1.0 12 19 206 19 0.4
Ca (mg/dD 71 918 059(9 873 078]15 897 0417 879 .56
P (mg/dl) 71 329 04619 313 05515 308 04607 346 0.83
Fe (mg/D) 47 1.08 034 6 1.03 .64 | 12 091 0427 096 0.19
Cu  {mg/i) 47 101 0.15] 6 1.01 16 | 12 .02 010 7 0.89 0.17
Zn  (mg/D) 47 0.74 014] 6 0.70 017 112 067 0097 073 0.16
Sr (ug/D 47 23 87| 6 19 8.012 23 12316 23 3.0
Total protein {grdD) 71 670 0569 647 0.54 [ 15 655 0427 649 0.55
Atlbumin (g/di) 7l 435 0309 418 0.36 [ 15 4.0 029 7 396 0.21
S:-microglobulin (mg/f) |70 I69 0519 211 105 (13 223 0577 391 3.90
a,-microglobulin (mg/¢) (68 1388 29519 17299 426113 1474 38907 1876 1492
Alkaline phosphatase (IU//) 71 168 51| 9 156 4515 178 61} 7 165 44
GOT au/sn 71 159 116{9% 210 86|15 11.9 46| 7 157 9.1
GPT au/h 71 9.7 629 9.8 59115 7.5 33| 7 7.9 5.3
y-GTP s/ 71 438 10989 26.2 242 [ 15 15.9 65| 7 201 18.0
BUN (mg/dD) 70 16.7 4119 17.8 43115 14.7 3717 249 19.3
Uric acid  (mg/d{) 71 536 1699 390" 14615 510 11717 544 2.22
Creatinine (mg/d{) 69 111 16| 9 1349 02315 113 028 7 1.78 1.80
Total cholesterol (mg/di) 71 179 3619 172 39115 174 32107 172 17
Free cholesterol (mg/d{) 71 54 1219 53 14 | 15 57 9|7 55 9
Triglyceride (mg/di) 71 117 8219 127 93115 97 |7 85 66
Camg (%Co)™ (9% 100) 68 59 24198 25489 40113 92 2717 1328% 33
Cua (%Cer) (%) 69 16.5 669 2899 138115 14.3 677 20a@ 7.5
Age (years old) 71 57.8 5219 621¢ 49|15 75.9 45| 7 76.7 3.1
a) LBV ge-mg 1000uR/R ruTas
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Abstract

N-acetyl-8-D-glucosaminidase (NAG) is one of the enzymes which are known to
localize in lysosomes of the proximal tubular epithelial cells. It has been reported that
urinary excretion of NAG increases due to renal tubular injury.

In the present study urinary activity of NAG of people in a cadmium (Cd}-polluted
area, Izuhara, Nagasaki prefecture, and in non-polluted areas in Ibaraki prefecture
was determined and its significance was studied.

The results obtained were follows :

1. The frequency distribution of urinary NAG activity of people in the non-
polluted areas showed close proximity of log-normal distribution. Upper limits of
normal activity of urinary NAG were determined from log—normal probability plots of
urinary NAG activity of people in the non-polluted areas.

2. On a group basis, people living in the Cd—pollutéd area excreted increased
amounts of urinary NAG compared with those of people living in the non-poiluted
areas in all age classes over 40 years old.

3. The urinary NAG activity in people living in the Cd-polluted area showed a
signiftcant correaction with their urinary Cd concentration that is considered to reflect
the extent of Cd-exposure.

4. The urinary NAG activity of people living in the Cd-polluted area tended to
increase linearly with age.

5. Although a significant correlation was obtained between urinary &-micro-
giobulin (8-mg) concentration and urinary NAG activity, there were some subjects
wheo excrete normal concentration of S-mg but abnormally high activity of NAG, and
most of them belong to a age group of 50-59 years old.

These results support the supposition that the urinary NAG activity is a sensitive
indicator which reflects the extent of proximal tubular injury due to Cd.

1 ECaic

HILERE)FEAL LS ETED Fiva UFCd &8s HEFRuECEEL, 0%
L TEFECHE ) Cd D AEIERABITE L L £ bhAERDS i, AL REEEE
BHBRTGAHY, CABRC L ARAEREOHERL LT, s v oK, 73/ 8BIK T
B, 3700 vBHBREROE T ESBLLRTV-I8, R TFE s BTHE B~ 7
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b, Livl, CdhEDESRBROBEPEOIREL LTORY NAG FEHEOBRER, 12114 x4
FAED, CdRBEFEESORGACETCOVCTHREF LI TV LIBETH %,

FoCH 4, CdERe S ARETHGOREL LCRE NAGITERL, Cd LEHRMEE
ROBEHEFC B TEF NAG FHXRIE L, FFRREROR+S NAGER O/, B
U Cd BE L OBFE, S 5CHEoBBORLS 8-mg O RPRE L oBfkic oW TR Y
x, fEEL L ToRP NAGOFREYEFR Lo THET 5,

2 MmeAE

Cd T EFH R vH 556 R BRIRETEE MK b Ll EoERRUREIFR, kM, H#EHR
WX 50 Bl EOERAE 316 A (B 136 A, 180 A, MRERLED 93%) L h ErikE
L, el $6Re LT, CdBERORD DR TR BTE 40 8L EOERIE
CETAERRIESHE, KEBAOKFFELIFAEEH 298 A A5R~T9, FH 158 A,
TH 40 A) L REHERLL (&1,

FERLEROo Sy v EEEK (pH8.5) *EmL, pH %6 Ll L0b, g-mg
BIE F TREGRT (—200C) Li. BB SESW, W bEESRE (2000 L, —F
I NAG, 7 v7F=vofping, HCIBEDMCH L,

B NAG Eiit, B NAGEHERERE "NAG 7 A b o s ¥ JEFEEIE) L,
WY 4o EE TBA-360 THELYL, Bdh &a-mg BEWR, 9+ 1 47 v2 K (B~
ArmFAr, 7rr=wr7) T, RhCARER, RYBEWHEB BRLAERTRAKILLCD

# 1 SHRER

Table 1 Number of subjects

Male Female

Age Tharaki Nagasaki Tharaki Nagasaki

-9 T 5 - 4
10-19 16 5 14 4
20-29 24 3 4 6
30-39 10 11 3 8
4(-49 38 2 35 4
50-59 30 54 32 67
60-69 27 32 35 40
70-79 13 19 17 33
80— - 5 - 14
Total 158 136 140 180

— 49 —




HEETFL

b, Wk EFEREEES (HI2180-70 ) &V THE LY, shRbsv7rF= B
B, Jaffe (rate) B L b, HZELFSHEE TBA-360 TRIEL %, R NAG FH, K
F A mgBE RURDCAEER Rbhsv7r=vigllvolts LTRDL,

Teds, 7 — 2 OMFEHETCE, SEONTECtEEY VI,

I BB

3.1 FEFRMEEROED NAG EE

BRI TH LK BFERED R b NAG GO SR SE>ER BRI E 2 1R L, WK
- BEROKRS NAG#EMZ, Hir s b 10805 50 B TR EFREROICHE BE150
BALF, 60 RN L 0B L OMCHEES LD » 7 —H Bk 1 60 R & 60 BLL
Lomsa— oMt EEEAB LR, TO0ZEE 60 EREMNE 60 R LD 2 80T
B Blicmat L, BED 60 FEAME 60 KL E (R1-a), a0 60 A 60 &L LE (X
1-b) o TEnTh— A— ADRF NAG G ¥ W ERERKC 7w v P Lz, M1-a bD
CERO RS BISER Y RL, B NAG ESEOSHILREERS MR MTEL, Rl-a boD
BRP B A— v E A LfBRED, THERMES Ui, 60 EKEOEMIT 4.9, iRl 4.5
60 LA ED B3 9.0, «ifir8.8U/g #v7F=viwifEXRb LR (F3), ik, O
B ST PRi{E R, 95— v R A AECEBELRITE oot

* 2 FEEPpHEGERORS NAG G &L RPR g-mg RE

Table 2 Urinary NAG activity and urinary &-mg concentration of people in non-
polluted areas

Male Female
NAG (U/g cr) B-mg (ug/gcr.) NAG (U/ger)  B-mg (ug/g cr)
Geometric Geometric Geometric Geometric
Age N mean Range mean Range N" mean Range mean Range
10-1% 16 2.9 1.0- 5.5 - - 14 1.8 1.4- 3.0 - -

20-29 24 2.2 1.0-4.3 51 7- 111 4 2.8 .15 4.4 132 43-364

30-39 10 2.3 1.5- 3.7 140 61- 397 3 3.4 2.1-5.2 50 14-116

40-49 38 1.9 0.3-9.8 105 15- 357 35 2.1 0.1- 4.7 89 18-686

50-59 30 2.4 0.6- 8.1 82 9- 634 32 2.6 0.7-7.9 98 17-300

60-69 27 3.4 0.3-10.3 83 11-1582 35 3.4 0.8-12.4 61 16-759

70-79 13 4.3 2.4-7.1 89 15-1097 17 3.6 1.1-12.7 110 18-877
®1) A RER
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3 R NAG G EF ERE
Table 3 Upper limit of normal activity of urinary NAG

Male Female

Age U/g cr. U/g cr.
10-59 4.9 4.5
60-79 9.0 8.8

3.2 FLEHBERORS 4-meg BE

FEFEMB TH LHBRERO KRS g-mg BEDOLEFFIHE L FREHRIICE 2 R LI, o
2L, J0EARC-S- T B mg BERXREL TVvisy, BREERORY g-mg BERSHT
v, 20088 E 30 L BT 7 v — FoRMcHERESNR SR, 30 B ETRETREHEORICE
FENBHLNILD 7O, J0EAMN & 30 BLLED 2 BicouC, R NAG Eo$e L IF
Bz LT A—v s AHxRDIER LREE Ui, Gtk Ti 20 05 70 A E T&E
BEAR ORI ERED TS SR e T, 20 E£A2FEH 95 -2 2 A LEERDT
THLEREE L, Bf B-mg EOER ERME, HtE k20 B~H 94, 30w EA470
pglg #vTFEy, T TR ETHTug/g 77 =vERDORI (TR,
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Log-normal probability plot of urinary NAG activity of male {a) and female
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# 4 R fmg REDILE LRE

Table 4 Upper limit of normal value of urinary G-mg

Male Female

Ape ug/g cr. Age ug/g cr.

20-29 94 20-79 357
30-79 470

3.3 CdB3gER e FTRMBERMRD NAG B0 LR

Cd B3 v » RIGERFEER &, FEHRMEK TH 5 KRB ER O TR &I F R
NAGHEM» 7 e o + LEOXR 2 Tho, BHETE, 408U EOT~ToEmIEHR CHREREE
HEBREERCEL TEERRL, SO TEZEOMCEEE SRR
0.01); T WTh, 40 B LEDT T OFRHR CRBIFRTER Y S SR L TEfE
BRLLY, FOEREHIILEETHH, ORU ETNTOEREH THEEDECEREES

mobhic (K2-b, p<0.057L p<0.001 ),

Urinary NAG ( U/g creatinine )

M 2 CAFBRMRLFEFLRoBE () RUTE (D) ERLRT LR
NAG &
Urinary NAG activity of male (a) and female (b) subjects in Cd-pelluted and

non-polluted areas
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Fig. 2
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3.4 CAdHRBBERIC ST 5 RSP CdRAE & Rep NAG B4 & DBITR

BURBTER D K eh Cd #8E & Reb NAG Tt & OBfR ¥R 3R LA, B (B 3-a) TiLHBS
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Fig. 3 Relationship between urinary Cd concentration and urinary NAG activity of
male (a) and female {(b) subjects in a Cd-polluted area

3.5 CAdBRERICE T HEREER NAG FEM & 0BAE

REETHEROFR L R+ NAG G oBGRYR 4 R L, BOBEE, GEOMCHLER
#0.420 (2=136), p<0.00! OFFOHEMLAB S, HF50 < by ¥ Tl LR OB
o<, SOREFABEAEASIMG L LbCINL T (R 4-a), FHCH~TEHRTE, R NAG
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Abstract

As a new indicator for an early diagnosis of proximal tubular dysfunction due to
environmental cadmium {Cd), usefulness of a-microglobulin (a,-mg) and its hand-
ling in the kidney were studied in people living in a Cd-polluted area. As a target
population people (119 males and 166 femals) who were 50 years of age and over and
living in a Cd-polluted area, four hamlets in Sasu, [zuhara, Nagasaki Prefecture were
selected and reqested to participate the health examination and to provide blood and
urine specimens.

The a,-mg level urine tended to increase with age and a similar trend was also
observed in the a-mg clearance level, suggesting that the increase in the urinary
a,~mg level is not due to aging but due to the deterioration of renal tubular absorption.

The urinary a-mg level also showed a significant correlation not only with the
urinary Cd level that is considered to reflect the extent of Cd-exposure but also with
the urinary copper level that is known to increase upon Cd exposure. Further, the
increase in the urinary a,-mg level was closely associated with the increase in urinary
levels of various indeces of renal tubidar dysfunction, Z.e¢. tatal protein, &-micro-
globulin, clearances of B-microglebulin, uric acid (in male and female subjects) and
of phosphate (in female subjects only). The urinary a-mg and a,-mg clearance
levels were observed to increase in some patients suspecled of having renal tubular
dysfunction caused by Cd exposure.

The present results strongly support the supposition that the urinary ev—-mg level
is an sensitive indicator which reflects the extent of proximal tubular dysfunction due
to Cd exposure,
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Table 1 Various parameters and those values of people in a Cd-polluted area'™

Male Female
I\L‘E}ggs?f mean® median min. max. Iiﬁg;gcetrs?f mean® median  mrin, max.
Age 109 62.2 60.0 50.0 84.0 153 63.6 6L.0 50 92
Urine .
Cadmium 4 6.59 6.56 1.84% 36.7 ” 11.24 11.40 2.92 47.8
(ug/g creatinine)
Copper 4 8.3 17.3 6.31 127.6 ” 30.3 25.9 10.9 295.1
(ug/g creatinine)
Zinc & 427.6 448.7 1.4 2440 ” 3428 324 77.3 1920
{uglg creatinine)
Protein 4 98.6 89.1 3.3 2430 ” 162 9 131.8 32.7 3270
(mg/g creatinine)
B-microglobulin’ g7 i99.6 79.4 21.0 77800 ” 651.7 266.1 16.7 340400
{pg/g creatinine)
m~-microglobulin 109 1291 1164 85.9 56450 " 3622 3540 62.7 326600
{ug/g creatinine) .
Clearance
Armg (%Cer) 97 0.111 0.060 0.0126 48.6 144 0.327  0.150 00,0174 83.6
Uric acid {#) 100 15.9 16.1 5.86 60.0 ” 22.3 22.2 5.11 63.9
Phosphate (#) ” 20.2 19.6 2.5 63.5 142 18.8 13.7 5.20 48.0
a-mg (7) 96 0.104 0.0928 0.007 5.06 ” 0.255  0.248 ¢.006 17.1
Serum
a-microglobulin 99 14600 14000 7720 52100 145 14800 13700 7120 38200
(yg/f)
1. HEBHERI9A, L1153 A05 5, MEVERRESTR L foor, EREFFCXRERDRE, CAbLDEL D 4
P&,

2. FROTBHIBHEEE, BY 045 4 — 2 OFHHE ST ELME,
3. Kpmg v-<ay, B CEGEYRTERE EESE) Avbid, BECIREEREdebius, BEKD ox
BERLELRAG UL,

B a-mg v RA LMD KD 7 2 — 2 EOBRIB LY b ROERICOVTHEETH D,
IR OIEEMOBROBMAR D R L1,
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s b ERTAERYRL (FE2 K1),
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Rep~D CdBr o v AN K EGWE, B ermg v~ b ERT2HAYRLAE (E1L ®
2(a)), ERBEVZ &1L, Bl b, Bha-mg v~1i3, BPCAdr~a s b dFEhCu v
AL hEBGCECHEETRLAZETHD (F2, B2 (b)), 24, B Zn v -4 & o,
FILOMBELED LA T (F2, B2 (), SEONGMECSZEIUTE, AEET,
#, Zn, *DEIEYLLTCBEHIAT L, TO0H, ToMBTERi W oESEBL L5+
BELENE 120, L 3FRIBCELATHID, L=, - oiisERr, H~o
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Table 2 Relatienship of urinary a-microglobulin and its clearance with other para-

meters'”
Parameters Male Female
: : Statistical : . Statistical
X Y n Regression equation T significance’ n Regression equation T significance’
Age AN onip 109LOE Y=0.0175 X +2.02 0294 %% 153Log Y=0.0368 X +L12 0.556 k¥
grizary » 19 =037 Log X+2.51 0.281  *x%x  # =1.21 LogX+2.20 0416  »
Eg‘;gg 7109 =17 #4179 0447 kEx s Z174 4 H0.073 0716 #
grinary ¢ 10 =0.4478 + 4299 0819 ns 153 =0.01%6 » +353 0004 o
prary s 18 =113 LogX+0.851 0.59% *x% 153 =135 # +0.585 0.761 k%
e globulin © 109 0SB s 418 0 xxs o =0.603 ~ 186 0.58 7
fomoglobulio g gem o 4301 0800 ke W =06 s 38 098 v
Uric acid (%Cry  » 100 =0.901 T2 D312 kkw » =170+ 127 0481w
Phosphate (%Cr) » 99 =0.457 +251 0.143 ns 142 =143 v 4L72 0349 %
agmrglobilio g5 061 Log X+4.06 0950 x4 12 =005 ¢ LIS 0.9 k3
Age  gpmmoslebdin g g o 213 0300 k% L2 =0.0M 4 2% 058G
SR oglobulin 95 =020 + -183 026 % =234 + -10.2 046
I HEEAYD (%) P=0.05, (k%) 0.01 and (% % %) 0.001), n s=HEELL,
0
100000 s° ° o
% o
0 Q [ J
3 R 3
g K
5 10000 1 %
3 N ,l .,.\ v .
.
B i
5 1000_{ b’,’ . .0
g .. r=0.56
. n=153
100 LN ]
»
50 60 70 80 90
AGE
B 1 CdtEFREOCFERC SR P a-~12737v 7 0 v LFiE
@ﬁ%lﬂ)
Fig. 1 Relationship of urinary @-microglobulin with age in female subjects in a Cd

-polluted area'®
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Fig. 2 Relationship of urinary a,—microglobulin with urinary Cd (a), copper (b) and
zinc {c) in female subjects in a Cd-polluted area'”

BREBESD -F b3 E 2, BCBE LAY Y, Bhofode-ir, CdREC -
THRATESR SR A # 2 F 451 vORPED - FELBESAHL L ELbND, Fh amg
e & R~ b O TEOMBIR, &5 <, ERRAEOBRIEEE T L T,
BHF& 2 THLEBEE A 5 F A3 vOBROVEM LI EORBTH A,
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Fig. 3 Relationship of urinary e-microglobulin with urinary protein (3} and
B-microglobulin (b} in female subjects in a Cd-polluted area'®
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Fig. 4 Relationship of urinary «,-microglobulin with clearances of A&-microglobulin
(a), uric acid (b) and phosphate {C) in female subjects in a Cd-polluted
area'”
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—R, FFREOSFLTOMEES v <7}, AREEERY 583 N000H#, ARATCE
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P> 3 h5Y, WA V7 F =2 ) 75 v ARBHOREDORGBE AOMBF o -mg
LAY, —TRERRGE X A ER T21.8210.8mg/l (n=8), 7 V7 F v A{HIL0.63+
0.69% (n=8) LOBWmEI B, BEADBE, AREE2ABENL a-mgD5H, 99.4%8
HERINE D Litith,

FREONGEDI L, BTIRI%, TTIL0%A, MiF a-mg v~z 20mg/{ L FTH-
foo ARG T, a-mg OEFECH ELISA # VT30, F—HB2SHLEEE, —TRiE
BEEOERS VEADEETRTILNEY, Wi ZIERMEIL20mg/! AL LTRWTHASH,
" M# w-mg L ~ht 20 mg/ ] AT o A BRI AL B HRFICIT, a-mg 2 )T 5 VAR
OEBE, BOBE 0.007~5.1%, TOBHHF0.006~17T1% Th -1 (H7),

EiRo @& oG Eick~T, GHOEYTTHELRGE IR, DiF o-mg AR
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Fig. 7 Relationship of a;-microglobulin clearance with serum e,-microglobulin in
female subiects in a Cd-polluted area'®
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26, CAARERC I ZHHFEIELRTVEEED YL, SEORAF B TR ORME
EFH2ZA LI AOMBRCROSH T —2%FICRT, 2o0dh, Bl1A, #7 A
Mg a~mg v~nit 20 mg/l L EDEXTFL, £1 A419.9mg/] tBETHY, aymg?7 V7
SvABEDL, KBEWEETH -1, ThbBFETE Kb~ CdRECundeomb %<, K
Hoa-mg BT, BE Vv, Bmg v, BOUREE2 VT 5w (%Ccr), VB
2075 A (%Cer) OEMBEDN ST, “HEOEER, B a-mg oL <108
B, ENEATERREBRET YRR T28ETchD L5 LRAoE L 2 IRT S,

1, chbLOBEOPE, BUNES 5mg/l, MiE7 V75 =vE1.5mg/dl, ME # mg
ff 4mg/dl #W2 HFHEVL RIS (), THhIKEFERETCH - THETLARRK
HEBEO - KPETCHHH,

Lit, &EORERREEE O CdHEEREE ST 2EFEEC T RO EhicRp D
a,-mg Ho v~ A0, BEGO CdNOERC I -TE U RETEOBRNEE YR
BT ARREMOVREE S it, MR UR a-mg V-Unig, Cd HEFREGROBEBEREICE
W, HREFLEEEL VBRI LB o

#F 3 CABEEEREORE 7 4 7 OE™
‘Table 3 Values of various parameters of subjects suspected of having renal dysfunc-
tion due to Cd exposure'™

Serum Urine Clearance

ID Sex Age v-mg gmg BUN Crt Crt a-mg g-mg Protein NAG Cd Cu amg ggg Phosphate

121 M 67 17.8 2,54 18.8 1.60 0.436 56,483 77,834 603 4.13 7.9 58.6 5405 60.0 51.2
203 M 79 52.1 12.56 67.2 5.85 0.479 34,038 25,016 2431 10.86 3.4 S1.1 3.82 233 653.6
3 F 75 295 3.78 18.2 1.70 0.47% 11B,51% 92,686 765 17.50 16.3 94.7 6.4 334 22.2
11 F 83 29.5 5.26 31.4 2.23 0.553 74,564 16,054 678 8.8 10.5 112.1 5.65 36.2 41.6
3 F 92 231 586 14.7 1.91 0.266 87,273 182,984 1045 12.00 8.8 112.8 7.24 32.2 48.0
68 F 72 14.7 2,31 18.3 1.28 0.255 107,070 151,140 1124 §.62 24.7 167.0 9.29 38,9 32.6
88 F 73 23.1 5.92 21.9 1.60 0.202 141,628 203,475 2068 10,39 20.5 196.8 09.78 56.7 335
113 F 82 38.2 6.14 28.0 1.81 0.479 129,494 160,980 2507 14.41 13.3 157.3 6.13 41.4 42.2
124 F 60 4.7 2.26 16.8 1.38 0.213 53,439 72.69% 667 7.99 250 202.5 5.02 57.4 23.6
135 F 84 228 5.73 23.7 1.70 0.7%8 70,574 66,272 1504 2.63 9.2 M4.1 5.25 36.0 22,8
272 F 71 19.9 2.73 22.3 1.38 0.617 50,060 58,682 394 10.50 7.1 38.2 347 43.9 18.6
335 F 71 245 6.23 19.6 1.28 0.330 326,720 344,413 3154 36.70 34.7 295.2 17.06 62.9 44.7
330 F 89 17.5 3.25 15.9 1.06 0.447 89,980 07,465 3277 18.40 14.8 108.2 5.48 6.9  J.o0
) BraFE 1R L,
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I1-6 ICP # BV EERTEORE & RATERODEESE~DICH

Hair Analysis by ICP-AES and its Application to
the Population at Kosaka, Akita

ARHEER - FE B

Masatoshi MORITA! and Hiroshi SAITO??

E 5

ICP B#EXAHEEXFVT, EEHIOMBOTEC DV TOTHET -1, MEXAALT
#11, Na, K, Mg, Ca, Sr, Fe, Cu, Zu, Al, P, Cd, Pb, Se, Ni, V, Co, Cr,
BN 1I8fETH T, As, Mo, Li7c VI BIENEE TH -1, BAADEHMN I SIREY
ke, S & HEL A, AR NMRETOERK 150 Bo ST R, HERT
Cd & Phag L badbi, PhoBROFELERTEILABLM L1,

Abstract

Minor to trace elements in human hair sample were analysed by using ICP atomic
emission spectrometry. Elements measured were Na, K, Mg, Ca, Sr, Fe, Cu, Zn, Al P,
Cd, Pb, Se, Ni, V, Co, Cr and B. Elements including As, Mo and Li were hard to
determine. Average value for normal Japanese population was estimated and com-
pared with reported values. The method was applied to the population of Kosaka
-machi, Akita. The result indicated there were Cd and Pb contamination.
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ZICBEL, HEERHLT, REES LGRS, BOIRCSTCEBTHA LGS AED B 2,
—%, BEEFHOXALERINL, TAOATHR TS 2100, AFHROBELZTOT
<, RRAREARBIL TV BEMASE L, ERDOTEBEO L OABENERIYL-
FHL TG ENBENZLTHD,
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TR TR, Fla BT EE (AEA) X 2EBMNAEESND 7 2 7 5 0k
DREMLSOTHB?, HELR-T, ICP EXFTENEHEL, INA AKEBEZRBHAS L LT
WA, FOERE, ETFEALELe TS ATEL I L, FoahicET RS
VI &, INAA TIRIECE VA ICP TR TE S XHR 0S5 GEonFEbLH 520 208
XA 5, ICP # A BESHIIRCKE TS~ - A LD - Tk D, FLAXTHD
hood b, AR ICP Ginckuvt, E0L5KaioRBEYRRTIPAIEBCL-TE D,
WX oD TAERLT -2 A HERTCEDPEFTH L,

AHETE, EREAFCEAYES, v OorOEHOEROBILTI 2 & & Ui, 4
Cit 5 BHFEDO RN, BEU2EELORENHLTHD,

2 GNE

2.1 Y¥Fury
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SEFENE L LTHERNE HETDEROWH R8T 160 BOTELEIL oo FERCEE LBy
LEAFHERGKO LB THSE (1),

2.2 EROES
EESHCECTROCERRC L, #BAETHL, ARCEVW TV {20 HENRE
ERTy B, & THIEA o+ v REE AR A5 HEL R L, S lg 2o n— (100
md ik h, T 0A%E VA F s Fr S a—AF Y Y A —FAKEROm! ¥inL
T, BEWREGECH)Y, WHFEEE TS, this 527 4 408 —ffe—-+ FTCAHAL, HBH
KA CHES ST 5, HKEE BERAHMITBATT vr—F—icAh, BRI2I,

2.3 HEEokit .

BeEaE R o EE g ¥BEFL, 50ml0F 7 e v E—-a BT, ChiciEE 8 m! RUN8lE
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Fig. 1 Protocol for hair sampling

DELD—EEFA LI TAL VT ST 4 A8 —RAGTARBL, ICP Fichidic,
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FREBERB Y RCTEBENLCAVL, ¥hERe Mo 508, BRINERCIH
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2.4 ICP BAZH

ICP R4 H852, ABEM D Jarrel Ash  Atom Comp 975 * v 7o, AL 28 THRETLH
PEMAY 7 » 4 —% —& N+1channel DELEREH € 7 2 4 —F —%bh, A7 29 THE
DRFCAIETE 5,

ICP X5 nigfF&#rz, RFPower 1.1kW, 77 X~<# A 181/min #7714 %~
FHAWE I /min TH D, HHLACHEEERL, SOTECOVT1I%NHBREREYAGI, ¥
REROEFR, BEKYAV,

] BReEE

3.1 ICP ®EXkAMEoks

BETEODHIL, BHCETRARTHELTTI LE, PR EOFRLEOM-ThHD LV
THAE TV, ErLRTTHAIK LA, BRICHCABE, FLTA»L 5HRY
BRIt 2 EARETH B, ICP RESHZL, 7v - A v ARTREEBECE~TEREL R
Safrnd, HEABEARLEIRDVGEEC Y ) - VERLETHDL, KRB THVRZ U —
ViAe-A, ZU—VESTLH B, K TTRYE—s—0flSEEe Tk, ToRE
AR T S, LOLEACBEEOFHENT 7 v 28BTAGRLI LA B, BEFEHC T
hEBYLEE LI,

SFEOBEDR I 1 TEREEE (NIES No5) AL A, E#EE (NIES No5) o
WTO ICP SRR L TFiwmd (E 1), AERREE, +/ v 2Rl W3%ELLTEA
TRY, BECHBRSHECHEAEERIB TRAEELRBRYVREL L TCRS, Zhil7 v 1L
KEBYME A L LBEETLY, CobbRGAEIcl) DIV FHROBECIL) T
PERRA LD Ebich, A/ PRERGTRr ABTHBY, THtpe LT, Ca, Mg Na, K,
Mn, Fe, Al Tikg#GATEY I hHOTRCOVT, KILEBEZ L 29WE R -T< %
CEblkE, TOMOTHRERCOVCTEAKE E L FES—HR]L T D,

BEETEARTOTHRLLTICP YAV IBEERTRETH -0, Z0RCHH19THET
Hato, As, Se, Sb, Tl, Sn, Rb, Hg /s ¥R ICP 0B HRETECHKETH O HRT 2
Tusfb, 7ods, SEFLVERBC L > THERTE L L-TW 5,

3.2 BEAFAERPOTRRE

E£REGOTEEER, HEBEEC I - TKE{ESRLITEY DL E5EbA T %, [AEA
PR LI HERILT © b Y REETH - 1o AR TR 4 v FEERH (F) =F v
23y ) A=-FA) BRGCTRE L, BEEOR G L5 HEDE - OWTEET
DHENDH DY,
ARETCHHLLBEAAAOEREDO SHEY RO >O®E & AR TR 2 mT™, {#
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# 1 LEEEEHRGOTREE

Table 1 Element concentraticn in hair reference material (NIES No.5)

KAk C15* KAk (1=

Al 180.4+6.8 245

B 3.3+0.9

Ca 607 +46 722
Cd 0.20%+0.03 0.21***
Co 0.34£0.07

Cr 1.37£0.13 1.39%**
Cu 16.3+2.2 16.7
Fe 214 .4+8.8 224

K 20.6%1.6 38.7
Mg 162.2£9.1 211
Mn 4.69+0.22 5.3
Na 11.1+2.6 26

Ni 2.8+1.5 1.85"*=
P 174.1+7.6 168
Pt 6.8+0.7

Sr 2.1x0.1 2.2

Ti 11.8+0.6 23.0

vV 0.67£0.07

Zn 164.1+5.1 174

* HNO,/HCIO, 5+ #2
** HNOW/HF/HCIO, 88 (B&Ric L %)
o BRFREaH (MAic X 5)

BRI TCHERE LT, BEADRG-CHNEDRG-HH L, FHHEOB IV EET
Y, TEYEGHEOFERCIOHPRMBEEL 2 0RKTRESITR TS, Flid, #ED AsD
HWohcEh Ly, SITEORBELBEYRET HLEND D, ZOLDTSEOHETIL
BEARYACIANOEEOREXT > T 5, ABEOFNERSHEL,SOMBEEERD
e EEZTGD, '
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Table 2 Element concentration in hair of Japanese normal population

P B g # [
(INAA) (ICP) (ICP>
Ag 0.394043
Al 128499 {Ml2.7i114 {1»112.3&12.4
F 88+ 93 F162+ 8.9
As 0.103+0.078 {MI.EH_-IO.T
Fl6+ 1.2
Au 0.035+0.122
B {M3.0t0.8
F43233
Br 16.4+ 38
Ca 1150+1140 {M 642 £519 {M482i112
F 1253 969 F 1260+ 554
cd 1.6+2.0 M0.49+9.44 MO0.150.06
{ F0.2440.81 { F0.34+0.31
Cl 5404550
Co 0.08+0.22 { MI.20+305 { MO0.180.07
F0.25+0.14 F0.29+0.21
Cr 0.82+1.66 M0.3340.24 MO.18+0.07
{ F0.3240.15 { F0.29+40.21
Cu 13.1+9.9 MI2.4+ 87 M14.2+59
{ F17.6+210 { F17.9+53
Eu 0.0035+0.0030
Fe 3533 {M27_8¢215 {Ml?.Oi 8.0
F21.54 54 F318£146
Hg 42420 { M5.10--4.30
- F3.47+1.86
1 1.4+33
K 18.7+23 { MI156-+179 { M35.0+17.4
F119+161 F35.6426.6
La 0.028+0.022
Li MO0.1440.25
{F0.15io.12
Mg 1274136 M71.5474.4 M84.1+53.1
{ F153.1+148.6 { F231+174
Mn 1.10+38 MO.63+1.96 {Mo,3¢0.5
{ F152+141 F33+1.7
Mo { M0.32+0.16
F0.3440.24
Na  23+64 M367 1385 M43.1+182
{ F293+372 { F51.6+527
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JT,IIP‘] 6:3] ﬁ E—tu) ﬁ FE
(INAA) (ICP) (ICP)
Ni { MO0.66+2.21 { MO0.55+0.02
F0.80+4.43 1 F1.5610.98
P {M172i49 {M132i15
F160+38 F131x21
Pk { M4.1618.15 { M4.5£1.3
F4.41£591 F5.0x14
S(%) 4.4+0.38
Se 118142 { M2.5+34 12651
’ F23+15
Si { M25+1.0
F35x14
Sm (0.0058-+0.0070
Sr M2.0+1.1
v 0.072£0.568 { M0.41-+1.59 { M0.2+0.1
F0.39+0.23 F0.3x0.2
Zn [83:£59 {M154i42 {Ml?5i38
F168+65 F173+27

* 7 A b P T B AHE S Tk
* % EDOTA &#H/ICP-AES
M : male, F :female
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Fig. 2 Concentration of trace elements in the hair of Kosaka-machi residents
(ARADTHNBEEY 1 & LTETR)
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1) Laker, M.(1982) : On determining trace element levels in man. The use of Blood and Hair, The
Lancet, Vol. 2, July 31, 260-262.

2) Report IAEA/RL 41 H (1977} : Activation analysis of hair as an indicator of contamination of
man by environmental trace element pollutants.

3) Takeuchi, T., T. Hayashi, J. Takada, M. Koyama, H. Kozuka, H. Tsuji, Y. Kusaka, 5. Ohmori,
M. Shinogi, A. Aoki, K. Katayama and T. Tomiyama (1978) : IAEA-SM-227/17, 545.

4) Kamakura, M.(1983) : A study of the characteristics of trace elements in the hair of Japanese.
Jap. ]. Hyg., 37, 827-837.

5) Salmela, 8., E. Vuori and J. O. Kilpi (1981) : The effect of washing procedure on trace element
content of human hair. Anal. Chein. Acta, 125, 131-137.

6) Saito, H. and K. Shitomi (1979) : Chronic cadmium poisoning, Fanconi’s syndrome and osteo-
malacia. Proceedings af the Conference on Cadmium-Induced Osteopathy, Shigematsu, . and K.
Nomivama (eds.), 1979-08 Hakone, Japan Public Health Association, 139-143.
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Studies on Urinary Osmolality of Residents

in Cadminm-Polluted Areas

REFEE . HEE S BSEEF
='HT - iR

Atsuhiro NAKANOQ!, Hiroshi SAITO*?, Yuko MITANE!'
Naoko SUGIHIRA! and Ichiro WAKISAKA'

E B

#F v AR, BEEAHBREO o ThH L REERHERICHT 5,
HY iy A BBOBEBYREL M TEANT, FEETYAELTRP 4 v17esed
JVRERA K0 ABEEOBERERN L, BEREL & 1o ABRRE LT
FREEMEET, )RR, RGBEED Y, SHRMEL S L CRREBRINIET 2R AL,
JEAF T 1979 B 4 1980 F ORI, 501 ADEBREL L RHRLERTIL 1,
RBEEL » Vv o GRiBER Sy EBEROMTEEEIRE N 21, L
BLAEAE, » Yy aEhlERO Bk T 60 LT, ik T 50
BhET, REBEELFEHR - 72 7e7 ) vBREXHELEAMALRLL, ZOBR
e, 2 F v sl 2BEATESF S HEERBAEEOETICHET L LdmRL T
Vb,

Abstract

To clarify the effects of cadmium exposure on the formation of urinary osmolality,
which is an important renal function, urinary osmolality levels and relationship
between urinary osmolality levels and &-microglobulin levels were studied with
residents in cadmium-polluted and / or non-polluted areas. As target areas, cadmium-
polluted areas in Kosaka in Akita prefecture, Komatsa in Ishikawa prefecture and
Izuhara in Nagasaki prefecture and as a reference area a non-polluted area in [kawa
in Akita prefecture were selected, respectively. Epidemiologic studies were carried
out in 1979 and 1980 and an early-morning urine specimen was obtained from total of
901 subjects.

1. B AEWEN REMRES T 305 Fi RN RS SR/ B 16 & 2
Environmental Health Sciences Division, the National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.

2. Bt BEAFEFT T 852 RESTHICAET 12 % 4
Present address : Nagasaki University School of Medicine, Sakamoto-machi, Nagasaki 852, Japan.
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There was not a significant difference in urinary osmolality levels between
residents in cadmium-polluted and non-polluted areas by sex and age. It was,
however, found that there was a significant opposite correlation between urinary
B-microglobulin levels and osmolality levels in male aged 60 years and over and in
female aged 50 years and over. These results suggest that the decreased osmolality
level in urine is considerably linked to renal tubular dysfunction.

1 Lo
AEDA ¥ 7 2 RIFHBEB SR LEFTE Vs K, 71 /BR, ERELXETHHM
REEENFER N,

— B, BRI AR R I 2T A RARED R A4 Y AV AOHEBEOWTEE
BEEYRL T3, D0BREBEOEHAEED—oNEBEETAL,

FIC, AV A X AaBEEOARET : 27 A0 B RETEEYI LT 5 AIT,
HF Y AFBRMEARE FVCTRBRIEYHEL, » Fivrnl3BRATRERENIRE
THBRE A7 =787 ) VEE L OBEYRE LY,
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@ﬁ?%h(m%%ﬂﬁﬁbfﬂmﬁﬁﬁﬂ$ﬁWﬂﬁmE;Em%&ﬂﬁﬁ#ﬁﬁ,ﬁﬁﬁT
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Table 1 Osmolality in urine of residents in cadmium polluted
and/or non-polluted areas

A
B 0—9  10-19 20-29 30-39 40—49 50-59 60—70 70—
Area
Male
Ikawa 784 899 933 817 747 818 645 619
288 250 113 214 212 156 165 202
Kosaka 657 936 821 964 866 843 769 588
179 278 288 156 178 258 145 134
Komatsu 917 852 626 750 686 561 574 590
211 205 335 298 288 194 170 170
Izuhara-1 752 877 951 801 1033 741 761 532
213 159 211 236 245 184 251 228
Izuhara-2 752 716 627
182 202 192
Female
Tkawa 802 895 823 758 697 505 615 648
232 337 245 180 229 292 134 118
Kosaka 952 972 954 851 681 647 568 656
446 71 231 310 242 212 209 206
Komatsu | 854 875 706 541 554 580 531 473
322 208 192 210 227 260 186 152
Izuhara-1 824 619 795 848 897 578 612 570
284 0 193 321 181 191 203 138
Izuhara-2 : 661 660 525
216 193 196
HEaF (b)) LEREE (F) vt ‘ B © mOsm/ke + H,0

— 83 —




)

(x10'
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Fig. 1 Osmolality in urine of male resi-
dents in cadmium polluted and/or
non-polluted areas
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Fig. 2 Osmolality in urine of female resi-
dents in cadmium polluted and/or
non-polluted areas
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7 VT = VREYHED, HH, £k LR, H4RLE, 2LV v BELD
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F 2 AV AFERHBRUEBIMBERORF s v F = v BRE
Table 2 Creatinine concentration in urine of residents in cadmium polluted and/or
non-polluted areas

Aeel o9 1019 20-20 30-39 40-49 50-59 60-70 70—

Area

Male

Ikawa 0.969  1.801  1.939  1.38¢ 1223  1.456 085  0.911
0.418  0.766  0.455  0.537  0.510  0.619  0.185  0.414
Kosaka 0.562  1.325  1.453  1.320  1.318  1.087  0.873  0.638
0.281  0.502  0.682  0.450  0.415  0.325  0.291  0.324
Komatsu 0.853  1.328  1.311  1.277  1.231  0.750  0.806  0.776
0.166  0.485  1.037  0.625  0.619  0.320  0.440  0.256

Izuhara-1 0.733 634 1.59%0 .610 1.435 1.116 1.071 0.530
0.334 0.504 0.524 0.782 0.081 0.551 0.507 0,382

—
-

lzuhara-2 1.250 1.062 0.946
0.509 0,485 0,489
Female

Ikawa 1.020 1.594 1.482 1.107 0.913 0.716 0.681 0.935
0.415 0.618 0.716 0.308 0.327 0.425 0.217 0.549

Kosaka 0.822 1.2381 1.246 0.922 0.729 0.572 0.512 0.519
0.411 0.772 0.465 0.503 0.344 0.340 0.178 (.194

Komatsu 0.958 1.425 1.077 (.840 0.771 0.606 0.552 0.517
(. 389 0.705 0.605 0.492 0.335 0.444 0.385 0.277

tzuhara-1 1.196 0.921 1.200 .960 1.270 0.534 (.527 (.457
0.398 0 0.516 0.502 (.356 0.284 0.181 0.210

[zuhara-2 0.858 0.6592 0.460
0.384 0.273 0.244

#grwrs (B LERRE (F) 271, BT mg/md
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Mo BHERC KT A2ERS 2
VT F = VEE

Creatinine concentration in urine
of male residents in cadmium pol-
luted and/or non-polluted areas
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Creatinine concentration in urine
of female residents in cadmium
polluted and/or non—polluted areas
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FRETFL ) v7F=vRBEZT LTRSS Vi vaBEE B <1 uyeyy vBEDMOH
BABAGRA, MBI FRATHRILTRICR L, RBEF L ~17 2707 ) vBEOCBR
i3, BED 60 AL L 20 50 AR THELHEBATRLT, 2V iy A L 2HED
RBHEEEN~OBEATHRIN:, LALAF I YA I 5BRATEEETOBETCELR
-~ A7eredy vRED LB ERTE, ROBEEIMBL LSTETTS
B, B Arnse7 ) vBEIRIEETCIIN, WECOHBBERSLLT, AFivarcls
BWROFRBELER~OEE Y, S~A7arsa7 ) v OdoB(NcAbh 3 {EGF& 212
OHEINEECKT L, AFLLA—BF T2 T 5,

RBRELEE 7 v7F=vRER, BxbdEFEACks V- UFRECHEGCIEOMBIEEY R L,
T I vRENMERICHLT, BT8RN WWERCY -2 2R T 2 —vitiebl
iz, FHOBRIFF eI LS, BRI 2RBEERRE 2 v 79 = vHERSD
BItR DR 2 A PE - T\ 5,

O3 AF v AERMRERORCEI LU FERNOBEEEL 7 7 F =
Ve mAsarsaT) Al iy A0BEOCHEEERE

Table 3 Coefficients of correlation between concentrations of cadmium, &-micro-
globulin, creatinine, and osmolality levels in urine of residents in cadmium
polluted areas by sex and age

Age
Sex 0—9 10—-19 20—29 30—39 40—49 40—59 60—69 70—

Male

* Tz

Cd-pg-mg | 0.060 0324 0.230 0.046 0.261 0.303 0.58  0.307

ko L] ok [ EE LR L X2 * o

Crea.-Osmo. | 0.790  0.530 0.847 0543 0.701 0.614  0.685  0.769
B-mg-Osmo. | 0.146 —0.126 ~—0.146  0.192 —0.171 —0.124 —0.402 —0.311
Female

kK LE X

Cd-g-mg | 0.155 —0.043  0.222 —0.207 0.280  0.560  0.454  0.388

XK * &k * ¥ * ek *x ok *k ¥ * ¥ * &k

Crea. - Osmo. 0.745 0.884 0.727 0.640 0.829 (.806 0.751 0.747

B-mg-Osmo. | —0.090  0.105 —0.283  0.188 —0.005 —0.381 —0.298 —0.280

v P<0.05, 0 P<0.01, **r P<0.001
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AMERA F 10 st RPHEIZB I h il FRPERBO» Vi v ARENEAL TR E, T
NEESEARES L Y BEESFRING, BRI A TR Vs v A, FPHBTCE
GFRSAITHEBARRFF 3 YEFRGEL, #FivaFdrd v L LTEREIND,
IODHFAF I v asx 34 vARREYN L THRABTLTPE, B5TE V12 THDLHIHIL,
FREETAHBEIHN, AURHAETERRIATE I CERBL TS, BRs\T, #Fiva
PERBECEL TEEIRBELTLLEE, A2eFiidvELS3EGTF& 2 DERIN
W cHHAMEAEOBRETAETLTRAL, TofioBEErI RSO LELLR
TW3Y, ezt vTh, BRATCEIZES T4 v 2 BROBEERE TOBETH
LEBPL-=A20reT ) SBEDN, H YV ARBERCECT, Bl 0EMILHE
hERYPRLTL 5,

—HAMOEBEOCBEEE, #iC 286~296 mOsm/kgs H,0 O CFERARCRICA TV, =
DBREEHRFCITHEAFEFCRELRELR LTV, BRORERCEILFERDL 52
BEcBE LV 3B Egsc- b, GFR, A FME RN, S$ESRELEMRC
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1) Saito, H., R. Shioji. Y. Hurukawa, T. Arikawa, T. Saito, K. Nagai, T. Furuyama and K.
Yoshinaga (1977 ) : Chronic cadmium poisoning indused by environmental cadmium pollution.
Renal lesions (multiple proximal tubular dysfunctions) identified in residents of cadmium
polluted Hosogoe, Kosaka town, Akita prefecture, Japan. Jpn. J. Med,, 16, 2-13.

23 Friberg, L., M. Piscator, G. F. Nordberg and T. Kjellstrom (1974 ) : Systemic effects and dose-
response relationships. Jn : Cadmium in the Environment, Friberg, L. ¢t al (eds.), CRC Press,
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Thyroid Gland Function of People in a Cadmium-Polluted Area

EHRRO - FE Y- BFET . HEES

Katsumi YOSHIDA!, Hiroshi SAITO??, Naoko SUGIHIRA?
and Atsuhiro NAKANO?

B F

BRFNST S5 Bich ¥ § v A BB vk S BE RN BEEN O R 258 HICoWT,
Mm@ thyroxine {T.) & 3,5,3 -triiodothyronine (Ts) BERD T,ERRZREL,
T, BU T, 8K > T ERK o> 5 free T, index (FT,1) KU free Ts index (FTsI)
PEHL, EEERYESRIPHBEHIEES 230 R0E L RE L o, HE TR
AT T 60 RUVT0 BT, Tal’j- 50, B0 U7 BANT, FT.I 70T, FT.l
60 RUTTOBINT, VIR FBETL T, TERREAFACHEEEN A LR
Mot, BEOZ Ehb, » Vv aFiRoER ik, FREA Y2 O3 HER TR
BOFHBCREESERIR TV AAESENE L b,

Abstract

In May, 1982, serum concentrations of thyroxine (T.) and.3, 5, 3'-triiodothyronine
(T,s) and T, uptake were measured in 258 adults living in a cadmium-polluted area for
a long time (Izuhara-machi, Tsushima, Nagasaki Pref. Japan), and the values were
compared with those obtained in age- and sex-matched 230 adults living in cadmium
-non-polluted areas. Free T, index and free T index were calculated from serum T,
and T3 concentrations multiplied by T, uptake. Free T, index in the seventies, and
free T, index in the sixties and seventies in Tsushima area were significantly lower
than those obtained in the control areas. These results indicate that cadmium may
have some effects on both thyroid hormone secretion and metabolism.

1. Ef57~50FF ETLAEREMERMNER GAEEFE T 980 s 1-1)
Visiting fellow of the National Institute for Environmental Studies (1982-1984).
(Tohoku University School of Medicine, Sendai, Mivagi 980, Japan.)
2. EAEPRN BSEEES T 305 FRRIAKIES mWEr/ ) 16 % 2
Environmental Health Sciences Division, the National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, [baraki 305, Japan.
3. BE . BEXFEXT T 852 RETHHEAR 12%E 4
Present address : Nagasaki University School of Medicine, Sakamoto-machi, Nagasaki 852, Japan.
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# 1
Table 1

non-polluted areas

H K 3o AR b RS RoaiE T, TRERU T.HERE
Serum T, and Ts levels and T: uptake of adults living in Cd-polluted and

G Te (ug/dD)

i Ty (ng/dDd

T, R (%)

¥3 I o0& o B i x» & pag:ichahy F .
0EEfE 9.3+2.1 (n=33) 9.4%+1.7 (n=19) 110.3+22.2 (n=33) 124.8421.5 (n=18) 31.2+3.2 (n=31) 30.7=3.9 (n=16)
ns P<0.05 L

405EFS 8.711.7 (n=46) +0.7 (n=6) 110.7£19.7 (=45} 124.0%15.0 (n=6) 30.7£2.7 (n =47) 30.4+3.7 (n=4)
l—_ . S. n. s. \— n. s.

50EEfL  B8.942.0 (n=86) 8.4%1.7(n=120) 115.2+21.2 {(n=87) 106.4X£21.1(n=120) 30.7+2.9 (n n=79 31.4x3.0 {(n=g5)
‘— n. s. LP-(O.OS—, L n. s.

GOEERS  0.6+2.1 (n=46) B8.8+1.9 (n=60) 118.2+23.9 (n=45) 103.3+19.4 (n=59) 30.5x2.8 (n=39) 30.4%+3.3 (n=37)
L—I—’<0.05 P<0.01 I— n s.

7084 10.0+1.7 (n=17) 8&.8+1.7 (n=50) 118.5%+16.6 (n=17) 100.1+21.6 (n=50) 30.0-+2.4 (n=16) 31.8+3.2(n=35)
I~P<0.05 P<0.01 r— n. s.
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HEHRECL

F 2 AV T ATHRHE L BHEEERO free T, index

Table 2 Free T, index of adults living in Cd-polluted and non-polluted areas

30 B 2.89+0.44 (n=30) 2.8840.46 (n=16)
n s — —

40 B 2.64+0.43 (n=48) 2.92+0.49 (n= 4
n. s. —

50 L 2.71£0.54 (n=79) 2.71£0.58 (n=84)
, L ns—

60 B 2.89£0.55 (n=39) 2.70+0.51 {n=37)
‘——#n. 8. —

70 &AL 3.07£0.50 (n=162 2.6810.50 (n=36)

I—_D<0.05

W) ns o FEERL

%3 pF v ATERMR L SREEERD free T, index
Table 3 Free T, index of adults living in Cd-polluted and non—polluted areas

30 AR 34.4%+6.1 (n=31) 38.6=6.2 (n=16)
p<0.05
40 B 33.2:+6.8 (n=48) 38.4£7.3 (n=4)
. | n. s. |
50 B 35.4%6.3 (n=79) 35.0+6.0 (n=84)
| ns. |
60 AN 35.5%6.0 (n=39) 31.615.4 (n=3D
p<0.01
70 5L 35.5+3.9 (n=16) 31.2+6.4 (n=36)
p<0.01

) ns HEEZL

RO 50 A AR THEE T L O ORI L, BT 30 B0 5 70 s ¥ TEHTNR
CIRE-EOEYT LT, FECREBRBCE~S L 30, 60 RUTORRTHERCETLTY
Fmo F 4R Lo, M TSH BEREFRTHE LRUROMICEEZ RS L -
e
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E 4 Vv AERE LA BRETEROnE TSH BE
Table 4 Serum TSH levels of adults living in Cd-polluted and non-polluted areas

CuUi/mb
FONice: st %

30 B 2.9+4.2 (n=33) 2.741.4 (n=17)
[; . 5. l

40 B AS 2 5415 (n=47) 3.3+1.8 (n=5)
ns —

50 A% 3.4+2.8 (n=87) 2.841.9 (0=110)
l———n. S. —J

60 BN 2.7+£1.7 (n=45) 2.3x1.4 (n=5R)
L n. Ss. F

70 B A 2.3+1.0 (n=18) 3.941.9 (n=44)
R —

) ns.  HESRL

4 2 % .

AV o ABESRoRBECRETESCOGTE, FEERVERVEN LI HHRTI DY,
BEC L7 L 910, BEBIAPRES LT v O WRUREICRHE LS L5 THIES 5
%i%héﬁ%ﬁ#b%f,ﬁFiWAQ$%%&%E&HT%@KOVTMEE§T&&hE

R BRI, L

AR T, HF v A LEERME TS S REESEEEINERo MR RIRS v+ v BE
HEFEL, FTIR708AT, FTLI 60 BU70 BT, VWithnBEaifiE RO k-~ TE
FTLTu o, , ‘

BAOBRE, MEFPRERFRE Y OERICH Y BRI TE, —ie T, RO T, 33
EChh, TRUEE TERBECETTE LR T 509, EHETHRR
HRELTVWABARYRBIET S S TEBEERETLEVEVHHEY L a6 s, SEOH « DB
T, RBEIKO FT.] 330 A0 5 70 A E CRE—EOERRLTE ), BEORELYIR
TOEENE LR, —F, BEME TR, FT,1260 RUT0RKAT, Wb 30, 40 BT50
B E~THEBRCE T LT,

BEo s &k, HEMEoERE T, » F i v AaCcBHAMSZ IR ER, Ths vttt
DREBOBEENRI Y, T b T OBERMETT 2L L, PRENLO TOZWLET
LT, [ TSH BECRELAL bRk oo b0, BB FREERET REC - T
B ATREREE X b,
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A RIRIR RIS THE & BRI LB & OB L VEE R ATV B2 5THHY,
—H, PEIYAREFRRTOE VAT 0 - MEOREDRL, b N v A ERbEER O M
Moo sfEEBIREBAMER L OB VLEEIRTEY, ZABKA VIivACIDOERD X
RIPRIR A€ DBEEAEDO L S CBE LTV 50 SEBoBELET 5,

& A
APRREOETCLEI Y, BRI EEARRERE A8, SAEFEL, MM
B B#HL T,

51 B X &
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EE L OMIZ LR R L0 HENE D b,
Lo, B MT v~ Rifid Cd S#FoBE Y8l 2o Cd 2
B LA HHEEETYERMET 55 A TERALRHLVCIFE 0 B850 L ARBE R,

Abstract ‘

Metallothionein is a low-molecular-weight and heavy-metal-binding protein, the
blosynthesis of which {s induced upon Cd exposure. As a specific determination
method of a very little amounts of the protein (107%g) , we have developed a radio-
immunoassay of MT and applied the assay to experimental and epidemiologic studies.
Although rabbits and Japanese quails were immunized with different kinds of rat MT-
1 preparations, only two out of 24 rabbits produced antisera utilizable in the RIA.
Using the antisera a range of 1 to 100 ng of MT was determined with sufficient
precision.

In order to investigate relationships of Cd exposure with MT levels in tissues and
in urine, rats were injected Cd salts over a 10 week period. The urinary excretion of
MT was found to increase with duration of Cd-exposure, preceding to the increased Cd
excretion. 1t should be noted that the liver and kidney of the Cd-exposed rats retained
considerable amounts {44 and 9 times as high as control levels of saline-injected rats)
of MT. In a health examination of people living in a Cd-polluted area in Izuhara,
Nagasaki Prefecture, the relationship between Cd exposure and renal tubular dysfunc-
tion was examined. The urinary MT level showed a significant correlation not only
with urinary Cd and Cu levels but also with various indeces of renal proximal tubular
dysfunction.

The present results, thus, support the suppesition that the urinary MT level
reflects with high sensitivity the extent of environmental Cd exposure and that it could
be a new specific indicator of evaluating the renal dysfunction caused by the Cd
exposure.

1 qlrac

1960 SERMEC, #Fiva (O *REFCERTLIES £ 2 HY, BEOBEENL
MO THEREE SR, 22egix4y (MT) taB3InTUE REOHERIZEMENLYET
ax vz EE, aiEos B, BAEY, SEECLBEET LS LAl LM E s, W
¥H, rox v AOEBPHEENIE ST, DEASETHAEH (Zn) L Cw
DRFX O Cd £k (Hp) OBHBERCHSL TV 2LE2LRT5, 0L ARTF
B & IR, Cd REEA LTS MT (BF, C&-MT) aBEMEHT 5. L b BgES
nic, Cdr2Esge, FROKPEAVCRP~HETZEFHRERTSEMT L Cdick »>C3(2
HoihsBEELoBELEBHINILELSH Y,

MT o4BZHRUHEFHERYHBT 200, MT KR ORER CERT DK
DMFRFRCH B, =D HRDISHCHRIERIEGCE T od M 47 » &4 (RIA) 2




£ g EFEE Ay OREREIENRRE

BThHD, FERERULT, RaRU Garvey Hick T, 7777 sBOMT % RIA L >
TERTELZ ENBEIRLYT,

MT © RIA OESZ B L CHRS A AU, DERVERBOKEVCHEVERT S TH,
THEEOHLT v+ A FYBUTHZ L THD, ARETE, Tho0AYVE, RIAKL-T
Wb TEREEE 7t o R ~AD MT B2 L ~ A8 Cd i L 2 FHEOREL LTHHETHD

B, Cd w5 L%y oss s, CdIEBMEEROSS OV TERHYMA
Z)D

2 #EekE

2.1 AABFAxAr (MT) ODEBN

RIA DRFHEVT LB HERFE* B2 o0, EMECHEVVETHS, HicHbL
MZLI LD, T rH%O MT ioid+ 5540, v P #BEO MT XL THBRc Nty
TS, 2T, PELLTHGWEMT 3, 5000087 Vi v 2aXBRYETEHLTMT
HEAIR TR T v P OFFED B, BERo BSOS TRERB L L, SBRRLOEE
PR d, BELA A v 250 BTHD MT-1 & MT-2 D8, Davis D HEc 351
HEU 729 A7 VEAKET B0 Y27 LTHRBEIND I ERBERLLW,

PERLL 7o HUfE £ ORIESRT LD onir, B TEL, REOQIV- F OFABRD,
EiEoHRcE-SGTC, MT-1 RO 2 2o 8ER L 7o,

A B
1 i
AFEUF— b
o BEO (106,000 g>90 min}
&
| .
%mmmeﬁsﬁéAanrvrf574—}2~3@
i oA kR ©®
DEAE Sephadex A-25 # 5 47 v~ 557 4 —
Iy i EriAd
l ilzh
} s
MT-1 MT-2

B 1 szesiixdryos8EaoFHE

Fig. 1 A scheme of the isolation and purification of metallothionein
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WL, Thbit, (1)RatMT-1+Y <=—, (2)Rat MT-2 £V ~=—, (3)Rat MT-1 & &ifn
E7A7 v (AT BSA)Y Lofa#, (4)Rat MT-2 & BSA tof&ts, (5)RatMT-1&
EHBRs V7 HOMHBES L OHEE, (6)RatMT-1 & v +F IgG Lol (7)et
MT-1 &+ [gG LA E, (8t MT-1 LEHREZ V-7 HEOMBRMBEOEEH, (9)Rat
MT-2 LR Z v BOBBERR L 0SS, B (10)Rat MT-2 & £ #2{L BSA £ D
BRTH A,

ThHDEE(1)~{(s0r2mig Loy Frirh ThEst Lz, ¥/, (2)RUCA0)
EownTi, APEFBRC R THREHL TV B = 2 — 7 » AT 4 L ACHT SHE
EAREOE VY X7 RV,

HED3%, RIAWBAWAZ EATERMGREEL L b, LRI OYRELL
TYHFRFED O LD 1BETH -/, LTE, ToHEORBEYET,

Rat MT-1 (20mg) & BSA (11mg L <«xEIEARBNE /27 H (5mg 25miD0.1
MY vEMEEE (pH7.0) wBERLL, ORI 4% 7427 LrFe ¥ 1754 %, 55—
OEETHEMLL, RIGK 0 SHERCKBEL, ToREBAEAS/ d L T—8BR, F
L, B, RIGHET 2 v 7 BRENMT L LT, 1mi247ch 0.4mg &7d X5 ERA
EBARTEHERLE, 722y PRRAVREHETR, SEYHER-ES, A3,

£8E 2.5 kg © New Zealand B o+ FOEh Gem PdF) OER 407N, 2 BEMEERT4E
HEs L, B 2 Eii Freund's incomplete adjuvant (FIA) %A\, ¥ o 2 Bl Freund's
complete adjuvant (FCA) B, RERIIImI T, MT £L7T 200 ug ThH-tz, 5.6EA
B7vasv b EBGT, 0.2ml ¥ BBk HHEALL,

2 b e — LRI, REREICERLY, AEELEOBEH LD, EHES~TH
ChkgmL, miEwB,

E#PE L LT3, BoltonHunter 3% (N-succinimidyl 3-(4-hydroxy 5-['2°I] iodophenyl
propionate) FEV i, MT il F v o v BRENFEL ooz, EROFETR, = - Fik
TELVEDTHD, BHEHCII Rat MT-2 B, R2CRT X5, #3 MT i1 Sephadex
G257 m-<t 737 .4—iTL "0 void volume (438 16~26) CBH Ihi, EROBETL 10~30%
TH o1,

HGELEOBEYHE~LIDIC, BT vE=7 4 (RE) wIaiEfhrAvi, E% (&
B #£4%2, Rat MT-1 RU'BSA HAA T A AMEOBEREFRE 600 5T 11.6+
1.2% (n=5), FHERPEEFRILI.1120.44% (n=5) THhotz, ZDFH T, HEHRYOEAD
7 oA Effic N, BRNESRLIEFRAMNESREOLY, 225056 3. 7B~ FF S R,

RIA DEBLEEFRALIER, 7yt 1 AUTOFIRETLSLCTHFI 2 & & Lic, FRHER
® X+ LT, 75mM NaCl, 10 mM EDTA #5125 mM borate-NaOH % (pH 8.3) %Al
Vo, REOERKE LT, BERMLTMT ¥BRELLy v MF Y LEEEE T 10 EHRLCL
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CPM X I07®
r

|

0 20 40 €0
FRACTION NUMBER

Bl 2 2«7 7F o 2AGHATAsaw 774 — 0L A B-MT D58
Fig. 2 Isolation of '?*I-labelled metallothionein by Sephadex G-25 column chromato-
graphy

DHEFERLI,

kg, RicowTin 10 L, B2 LB 500 LU B FRLL, RERLIREFHTT
AR Do, BAED MT ¥EM LR HEE L, Jhoos BRI MT
BHI00u % 77 25 » 7 BB LY, i /o= v b 2 - MiFE100u BRI,
2] S oy b MT-28% (~20,000cpm) *100p/in 2 CRE L1, SERLLESLCTREBE,
TR B &6 2 HREIE D SRS 570010 100% 8FHE % 200 ol huz, +oEh AL,
0 4M4C THIEL A, 2,002 T 20 FMRLE, EEET A V-2 —TRIIRKL, WX
A0%BIFNEREE 500 f THL, BE, ARCGEOLL, EEYRES, HRCES 2 S O
Yy BAFPFRY vF v v s vy v E —TRIFEL R, '

RIA 07 — 2 OF#{LD D, FRHEHEOFET 2BE, TiAbbLERNE 1B
BOMT 2 8UBREOHECBONDIFRORBE A — > HE (B/T) %, SR AHFATE
LtV BEBORBERDE (B/T) THl-THLALE (B/B.) AW, ¥, o
MT fi%, =2 v va—2 —®BCERT0E, UTFOXAHT, logit-log B %7\, E
SR TE DA CGAY, B/B.EA10~90%) €, MT Exkaiz,

Y=a+bX REL, Y=logit y=log lfy :
g,
X =logx ; x=dose

221 CAdHEEZFv Mz 2RDERURSBS MT OEER

Wistar ROMES » b (11 88) %27 v v AGHERTHEL, “of, fHLEKIERICE
g, ERFLLCHEY IBSET2 BT T, 10 MCh > TEL» Vv a%,
BEIkgMiohCdeLClmg@AS5E, ETEHLL, avte—aAB LT, SRCIEHRR
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BARYRCETES L, 7 ik, —FWM T Loy 5 28RSy — i T 24 BeRIRH L,
BIE L, BREEE, BPECHCTSCIRTR A, ik, R OESERONSNLOEAR
By Cfowbic, BREBEOBEETH Ao, BERTHE, ~—-7ALRKBR T oL, FRED
RS LL, EEBEED Y, @Yy J&F F ABERIIT N THBRSH LIS o
fe, REUVBSHO—BIBESBS IO, BEE (M, SERME, hFEA 5048 2088 T
Ba) wt@BARELL, BroRElslhE - 80°C R TRFLL,

B EFER L ARIAFSER 2BV T10%+ 25 — 2R L, BROEIT200,000
Xg T4 BENELL, EEaHr, EHERURL RIA DREROFERCME L L 5 IcHRL,
MT DER®{T -1,

2.2.2 CAdLRMITEpEAGRENRE L EFHME

HEMBRUERERUCSTHEE, EERHCE, FREFEONGFCHLIABLERTS
L%, Tirbb, Cd LEFRMBO-->TH 5 REREFET O 4 KO 0 U EOBZER TS
B MELTRPODE T, s v7F=v, B v, BfE -~ 2ere? )y,
a-<A2eraF )y, EBrUApE, N-TeFnr-g-D-7az4i =g—+¥ (NAG), BES£E (Cd,
Cu, Zn) 25 L1, BPMT ik, bk 5ic, REEEE T 10 BHERBCTHLIS,

I B R

3.1 A#nFFHA 0 RIA ORI

SEREF ATy 4 24 F0 55, MT © RIA CEEMBEYEEL LD, Rat MT
-1 & BSADEAE, LU RatMT-1 LERABEG : OBSEYHEL L& 1HT
Boto, MT O FEHEAEH THRGERHE, — 0B r8BhEo MT o7 ¢/ BEF I ED
THEULTVW37.HTHHH, bliekio Rat MT-2 £ Y ~—, & L <2 Rat MT-2 & 25 4t
BSAERSHY S Lty A7 kW Td, MifFEEPRVEIRThoTo,

Rat MT-1 & BSA rofaEkcdTsmEYH T, MTORIAORELER LA, M3 T
Ltk e, cofiRerTa2mEE, 7 » P AR e t BREBEO MT-1 & MT-2 &, 5%
LRSI L, 2OHRL, ReoBicHmE LcmBYR T Garvey HOHR E—FT
B, &, HehREREYFTIMT £ 2 a7 —AREOL2, BEARKL-TVBE
HIiE L LRD,

B4, Eghg R logit-log BRI O—M% =T, S0%MEBE L, AEZREOEEO—DE
LTAVLERTS, cnEid, ABREULCIH20ng THa, BB Iml2H/70h 200ng £c b,
re L, EEBoMT i, REORRELYRUAELLL, $E, BYERRFABEROLY
mAEORBSCEL TR, RBEYC O MTES /0L 2ng 225 100 ng DEHTT » &
A W T o7
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Fig. 3 Cross-reactivity of rat and human metallothionein-1 and 2 with rabbit antiser-
um against rat metallothionein-1
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Fig. 4 Standard curve of metallothionein radioimmunoassay (a) and its logit-log

transformation (b)
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Fig. 5 Change in Cd levels in the liver and DERFHIEAL.
kidney of Cd-treated rats Fig. 6 Charge in metallothionein levels in
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4 % B

AWFECAEM L I, 1ng~100ng ©FHERTMT 2E8T 20 t+okb0Thb,
COREFEEE, BALBECEELL-MT o RIA DR L SR UHEBTH DY, 2oL, Fms
DBFEDML 600 fETH Y, BHMOKHICHTAFD 1 Thots, & OHMIET, BROZS
HORGROBARCHTHHA 2,280 63 78~ LHEZX L,

COPME b, BCH 4« BT Garvey SAHE L L5, F v PR P %O MT-1 & MT
2 EOBTEECEIRERLLYY, 2o, IOHNERVERT » + MT2%#BvT,
7y P RUe t MT OEBMNFETHHZ E&RLTV5, Bremner bOBEOBE T LS &,
o b MT-1 204 +F G A F L EAT AT e FETEBLETESMELYAVTe v Sl
LM ER LA E 25, CoHMOFE MT-1 o2 B8 4R L, MT-2 LRI TS
Tthots, —#IC, KV 7 e -3 - AFEKOBETE, MT-1 &7+ ¥ [gG BAEOEROTE
BERICHT BN ORD L E L bhD, ¥ MT-1E MT-24%, BED7 ¢ BARA L%
TThHh, AV reF—AffEs, CORFYTECEANTLIEThE 7T BAROE &
THhC L 2B EORVY, MT-1 & MT-2 L ofiFEREEOE L LTEEL V52
bhis,

SEHEZLIEMT O RIAD T » 24 F% Cd 25 LB ERCER Lic, #£3%05, Cd%
#eb L KBRBHO KBRS MT B2 v s BAREBT A2 E84Lh TV, MT @ RIA
ERAGWLILEC LT, CARESHLCT v b OmBEFR TR G MT A H X157, fE¥nnF
DFENEEI T "MTHZ V227 B" 3, MT 2030 THLZ EFREIhI-0TH
L, ZRMECHCTHLA L X 210, R0 MT deeofginig, R~ Cd Bioic %31 -
THL, CABBRLEDCEALL (B7,8), RF~EE2305 MT OlFREH L TIEh
Vo ULrL, Cd 2EBMAE 1 BRI THRCERED MT Sk T4aaRh (6), FHT
Lok Hie, CdBEEE HehclfhMT v~aAp FRTAZ L REL2L9E, KD SR
HLAMT I b r<rinkR L, BEENTEDS BREELTH - —ve—2Lb
Repicgkeo 2 h, Cd BHEC L > TRATFBRNBRERENRZRTLE, IbrRb~0gd
DHEINTALEEL LRI S, LEOBYERO T — 212, Bh~o MT gheons, Cd B8
BORBAEBCLL I EERLTL S, '

Rep~ MT #2025, Cd K BEEMCEE L TU- 59 @E RV Cd LB BB RC BT
gtz b, RIA#BAVCAZECIO@SHTHEHLNE -5 Fh b & puf Cd Bk
FEERUCA HEFPHIBER L L, BRMT VL bR Cd v~a oy, BdTH
BEATOHBASHL I LRI T V5, ZhLDBETE, B TROALEOHEEZ S
TR MTHhTE Y, MREVTOMBT S REMOBELYRIET 5055 bt W THEI
BEALETH -, ABECRLAL L, Cd IESMMROBEREC LI -Th, EREL
Tit, BPMT v~ 2R Cd v LilAEREREPRED bhic, Tnboggiy, bt
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DEMEBOFBRELERE, RPMT # Cd BEEEKM 5 L ¥ RmB+ 5,
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Fy MZRVT, BBMT v ~ait, Cd#ETh<, Hg Cu ZnB5 L ->Th EHT
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FZOWTIHERORBEAD A, 2bi, BHIHTESEESOLVHons 4 7OBEEDE
F R AHFCEE MTABRE L TABIRT 208N ES 5,

LLEDE, S, RIAX LS MT OREEREATREL K- ER, CdoRREED L, B
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H OB
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Gel Chromatographic Analysis of Urine from People Living
in a Cadmium-Polluted Area

SR EKIUTHE - PEEE
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Yuko MITANE!, Chiharu TOHYAMA', Atsuhiro NAKANQ!
Etsuko KOBAYASHI? Hiroshi SAITO™ and Ichiroc WAKISAKA!

B 5

#VIva (Cd) B BEL, Cdie LrEBEELAT5 3 a0 at s, JERE
PR OFER, T 1AW REL, BHCd, # (Cu), B (In) B4 e sd34
v (MT) OGH&r L s o< b 737 4 10X oTiTot, CAFRMBERD > 5 1 4
DETE, TFEVIFOZE (MT-F) 524 427 o1 B -7 MT 2B
Sh, SLELOFEICCd & CuD Y — 2 AREEE NI, —F, o2 40 Cd HHvihi
HFREORTH, MT-Fic MT &Rt s, B0y — 7Bl bhichot, o
LOREY2Z-2 LA F =g - TRBTLE, ST2T5E, MT-FizCd & Cuoe—
ghENT, TTBELRE LT F AL S b= (DTT) ¥ERECRENL, 8%
LT R T, 60%L o Cd & Cu A MT-F @i 2 huic,

BlrofmRin, MTISERICRLEne T, Thit - THRELIVWRESELS MT
DB, RO THEPEG BT L RS s, ¥, Cd Bk
Ewwsit s Cd & Cu o FErpgia>18ins, MT QEEMCAE {HFE LT3 EATH
This

Abstract

Gel chromatographic analysis of urinary cadmium (Cd), copper (Cu), zinc (Zn)
and metallothionein (MT) of three women living in a Cd-polluted area and having
severe renal dysfunction due to Cd exposure and of an inhabitant {female) of non
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—polluted area was carried out. In one of the three Cd-exposed women MT was
detected in the fraction corresponding to mol. wt. about 10,000 (MT-F) by radio-
immuneassay and Cd and Cu peaks were observed in MT-F. However, in the other
two subjects no metal peak was found in MT-F although MT alone was detected in it.
When these urine specimens were treated with 2-mercaptoethanol before chromato-
graphy, Cd and Cu peaks appeared in MT-F. In a sample to which dithiothreitol
{DTT) was added at the time of sampling more than 609 of both Cd and Cu were
recovered in MT-F. These results suggest that MT is so susceptible to oxidation that
metals bound to MT may be released from it and distribute into high and low mol. wt.
fractions. It is also suggested that urinary Cd and Cu are excreted with MT and that
MT is directly involved in the increased excretion of these metals in people living in
Cd-poliuted areas.

1 @Rrai

H¥oa (Cd) HEBRMIRERCE T, CdRGTR R (Cu) DRdBe-> b 8T
B ENBEShTVEY, IoRPCuBELRE g~ r7r/e7 )Y (Bmp) BELR
CHEER L0 Z &0 6Y, R Cu B oBIMCREEEHE IS L T 52 EARRENL, —
i, Gy CdefbETne, CdeCukialicsgastrdy (MT) DEPHEoHE
ot aY, ik kT Cd HH iR s TRD MT BEo8 8L TV 5 Z RV
ThTuvaY, o7, Cdick hEESh MT Sl i€, RETHERREEOHIRE
FABTHREOARD LY, FOMT 4 L Cd = Cu o Rdee> L B+ 50Tt
U EE2 B EATESL, LHL—FHTit, CdBBC LI ARRERENECLLVHB|ED
BHO wLaFIAIVDLSRERTFE VA2 S LT Cu Rk ulind 5 ETEE
LEECER, £2C, CAHERMBCEEL, Cdic L s RLERBELYHT 22114
198 (A5 BEYDRLK, TOREFLSBRCIVOHL, Kbz v rgeo L B8R
o LOBEYPA LML LS ERATI

2 MRRUFBE

2.1 REs

HREEIFED Cd BRMEICEE TSI BEE 28 (&, TRRUB0 R &, ERRS
1% (&, 76 %) LCWHHERMECTH 2 RIBVHBEITER (&, 698 1HERNRELE, &
WeOEBREN ARy P RERRL, FHHREBICNT LI 7 v D RO KRR
Tris-HCl & #% (pH 8.0) & NaN,, & v 7 HHHMMEER L L T aprotinin &
phenylmethyl sulfonyl fluoride ##REA T AH 0.02M, 0.05%, 0.3 U/mi BOU0.001 M i<
feh I s Emltc, Iy @80 AORABO—T M ERE L ToFdar A —
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FrLrew 5T - L AROGH

A (DTT) #EBENO5MICa XML, chbnRRBIELCESL, SR
¥ T C TR L,

2.2 BRI

Rehz 75 = vy Jaffelhic L), e mgBELUMTRBERZ A A 677 v
(RIA) 2 (7 7+ A= 7))L - CTHE LY, 2Ae 752 vVBEIRY 5 ECBRL, &
TR (~FA b2 v -2v) PHCTHHLE, Cd & Cu BERRYY -~ v EFREREST
(B3Z 180-70 #2) &R T, EERNEE L b RdL, InBER, REWEBTEAKLE, 7v-
ARFEAKET (B 640 ) #AVTRIEL A,

23 HLoOvR IS4 —

—20°C TREFL Tk R, REE, ABHY 1,708, 15 5ROEOHRIL - TBREL,
BHC, HE2CE0GD1IBRO2- 2477 =g/ —A%NiT 30 2SR TETLHE, Se
phadex G 100 # 7 & (2.2X75cm) ¥hidic, i, 0.15M @ NaCl #&1:0.02M Tris
-HCl &% (pH8.0) #Av, UV =% — (ISCO) T 280 nm @ REE & #HI L 7o b igE
11.0mI/h Tfi5fz, BHEO I.7T~-3.8m/ ¥ 1 5HE L L, THAENZFLTEESBEITRA L #
vASBSYRE L, BERSTTROSSEICE, 4B, Triton X-100 tWR7 v &= v 4%
KERENTHRZN1IGN, 0.3%BRUS% LB L 50maAT, BEY — <= v EFREKESC X
hCdECulBE®, 71— aFEFREXREFCL) ZnBEXYRE L, HtXSEDOER T,
HIFPCRTESBOBSELS v 7 HOBERAR I D Z L2 BIT D, REBRE-FCs
v, TOBE, BHROESBREIIEEICE LY (Cu<0.02 ug/ml), HHbE
BrLOESBROHEENE LD L, PR/ - TEER, FoTHBIRE L7 52
YavFa—FIRBHEOL AT 275 v avalr s~y P TR L5510, BHOK
boled o —FIWEELHICSIE LA Ly AL 85T -1, ASBERLBEHE LI5S
oo

BHBERD 2 v BOGNE LT, RERHER LC sy y | ~FA LI r2v) RV
Toern77s3aiv, 1gG, 747 v, LF -7 22 (RBP) #5870, RIABERC
I h MT #4581,

BGREE FTFROBGELY RS LD < —» — & LT Blue Dextran (mol. wt. 200,000 ),
BSA (67,000, ovalbumin (45,000 ), chymotrypsinogen A (25,000), cytochrome C
(12.400) &R,

IR R
1REE, EEEEROCYBEORFCA Cu, Zn, &-mg+ MTRBELFH1IRRLAL, 1R
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Table 1 Urinalysis of female subjects
Subject age Cd Cu Zn B-mg® MT*
Cug/g » c1%) (ug/g -+ cr®) (ug/g»cr®) (ug/g»cr®) {ug/g-cr®
1 “itai-itai” 67 30.7 191 281 55600 6300
disease patient
” 80 5.3 190 93.6 85700 6100
suspected 76 24 .4 160 468 131900 3600
patient
4 normal subject 69 3.3 8.4 464 257 N.DH
a cr VT F =

b gmg g~ frsarersys

¢ MT @ 2z2wosdxdv

d ND  BHBRELT
BELIBEHAEFORF CuBEINBELE~TE L &SV EYT L, $-BRATHEEOE
EERD Hg BELGFOBILILNCE -4, B MT BEw, (HEE-EGELvir
PE S HAAy, (6300, 6100K U3600mg/gecr), WHHTIBERRLT (<50ug/D TH -
7o AR 7 7RI YRUCThORBRECEVTLEH I o (BHIER <120mg/ml),

B1VMER L (1 RES, &, 67H) OFLEREE 3 A% Sephadex G 100 T4 L 2R

T HM-F ml MT-F = L M- F wr——y
= 40F
€
o
3 £ 20f
a™ “F e,
g‘ . " T
@ Okt = Fol ey £ e, L L 4 L
o N
= 4.0F
E
& P
5 £ a2k I/ N ’f . P
E 4 . ’ + J .
° 7 Y , ., - .,
K S . . A N hOW
[5] A DY oaded XL rel oo m——— I } P LT .” 3
- 0.08
E 1.5 - bovine serum albumin chymotrypsinogen A
g E 0.06f Blue Dextran ovalbumin cytochrome ¢
e {220000) {87000) (45000
o (257000 (12400)
A R L Ll L 1
g g 0.04F slbumin
=3 c 196
- . ®© g relinol binding protein, ™.
2 OS5 & oozl 7N
P
= ol <o LI LT " “ i

.30 . 40 50 60 70 ao 100

Fraction number
B 1 fEM] (15B8EE L, 678 OF0w7 >F w2 AGI0KI LY LS
A
Fig. 1 Sephadex G 100 elution profile of urine from subject 1 (itai-itai” disease
patient, female, 67 years old) '*
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TH b, 1gG 2 33~37 BOLSHEI, TAT 1 w8 39~43 B, RBP 1156~59 FOSEIERE
P E RS, wre T A VB hitr ot FFER 10,000 DSECE, MT o —
7 MRIAEI Y DERS ntc, Cdid, BFEM 45,000 0EFTHE (HM-F), MT 2EHE
Hnich o toE (MT-F) & 5FR 4,000 LTRSS TFHE (LM-F) k=20 —2%4->TH
Hxpi, CotEic HM-F & LM-F e 3 his, MT-FapmEltantaCd L Cuil, £
Fhiiho 37 3% EU31.8%TH0, AR CA: Cu=1:11.6 Chol, FloMTKHTE
EEE (Cd+Cu) DEathil 4.7 TH -7, fEW OR&ERE 6 BB, BURMBRCHTLL
Fr A, Cda=-oor— gk, Cul MT-F oEl&513.8% A L, LM-F 0El&
gy fo, MT-F dho MT 1o+ 2 B4R (Cd+Cu) OHE 2.0 R L,

FE 2 DR IERSE 24 HRACGH T -7, H2(a)amt Lo, 4 F&E# 10,0002 MT 2
BHIha~EHE (MT-F) milBE&Bo v — 7 BB nih -1, CdiddFB# 45,000 ©
HM-F & LM-F iz, Cu @Fr LM-FFhXhBEHInic, ZTOEFA2OKCI07D1ED
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D ¥ 7 HNVEEE v, HM-F @ void volume £, 280 nm 0B e — 7 L & »7T, Cd,
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Hot,

4SRRI ER T H BN 4 DRD 7 A BB R — v ThD, Cdk ZniL LM-F o4
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Comparison of Properties of Two Isometallothioneins in Oxidation

and Metal Substitution Reactions*

SARIAR? « KO RHEY - ARAREKE

Kazuo T. SUZUKIY, Tamio MAITANI" and Kentaro KUBOTA!
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2HEOA /220 F R AV (S VORI BEE L LAEH-BUH N a—FF
FAVOLEHD AV E Ay B) ORIGMY in vitro HTHBELL, @B EF 4 — 3
DRI AA TS FESCHEHEAREE: LT ToREYEAL, Thbit, 5,5-¥
AFEA - e LREER) WIAGTFAD AT 4 VREEEOHERE, BRICL59F
& GFREBELER, BU=F vy o7 i YUFEE (EDTA) X3 F v FEREIED
IRETH L, 2REOA v 25 vFi i 4 YO LR - RICERS S SHERE Y
P b I —BFREEECL S CHRELL, 2205430 v AN LD B,
TANTOEGE R TRISHILELD D b als, ChbDER, ssvdFtars vy
ERET L EBEYRETITHARAAZ T+ 24 VvORGEESDSTOEREE L
EhICH BT a7,

Abstract

The reactivity of two isometallothioneins (two isoforms of rat liver zinc- and
cadmium-thioneins) was compared in vitro. Reactions characteristic of metal-thiol
mercaptide bonds were selected as follows ; oxidative formation of intramolecular
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Bastc Medical Sciences Division, the National Institute for Environmental Studies, Y atabe-machi,
Tsukuba, Tharaki 305, Japan.
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National Institute of Hygienic Science, 18-1, kamiyoga 1-chome, Setagaya-ku, Tokyo 158, Japan,
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Suzuki, K.T. and T. Maitani (1983) : Comparison of chemical properties of metallothionein-1 and
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disulfide bonds by 5,5'-dithiobis (2-nitrobenzoic acid), intra- and inter-molecular
oxidations by air and ligand substitution reaction with ethylenediaminetetraacetic acid
(EDTA)}. The relative ratio of the two isometallothioneins and the reaction products
were determined by high performance liquid chromatography-atomic absorption
spectrophotometry. Metallothionein- 1 was shown to be more reactive than metal-
lothionein-11 in all reactions tested in this study.

1 @#Lwic

BE&BEFHC I O REEEEOBRRNAEENEL LT, KPR 2Ehd 48 aFd a1
VHEEIRN, FOUEFEE LTI AT/ T oA ENHBEIATVLEY, 5 aFf3x
1 VEEEL T HEBRTNTF 4+ - AEXEMT L LTVEY, Fa—nErgbihieh,
HELTWAEBIE b I T8E, Asuad434yONBEEIELL WELLTOB
EHRENL), A4 677 » e AR IAERBRCEEYE25:EL0ND, X I TREE
GF A2 BELTO FeFdF3 A v YROIFYATLEBEFA —ABENDILD AL HTF
FESCHRRMLICETY, TOERDERRMIT L L2 AL LEKRET -7
BEBYD A o F A F A LRI FT S BEANE LT, 6107 ¢/ BREREDN 20 B
M A AF A VvBELSSCRURINEY - TWaT LA MbERT V5, SHEBHO 5 »
FAFAVEN, ZONEOATA VEREEAOERT  /Bo—HAEE-TV 5 2EED
4VﬂvﬂﬁE(xﬂw%i$471ﬂﬁﬁﬂﬁkﬂ&fvb)ﬁﬁﬁ?ykL#LZEE@{
Y 2 EwF R ORI R E TR AR BT L A E b s T iy KER T A
ReFdFA VDT AA LT v A BB A OBELORTCET2ESNT - 528
BEEBK, AAHTF VEEONFHHERY LHEOS e TEC LR AME LIS,

ANHTFVREEXBHEMTOIREGE LT, BUEEIGC L »ToAr7? 4 FESEYERI®D
RiEoE, =F v vy ¢ vUEEERE (EDTA) 2RESIRTAF nFd x4 ViCBEEGLTV-2&R
PSS S5 ) &Y FTRREIED AL, NEOBLRIGEL TR, F4+—EOoER
WHGB5, 50 Fd ER (2-2 b o ZBEM) (DTNB) b2 A7 4 FIEEOTIC L L8
tRUEEhOBHEC L HBLOBREYTV, ERTI5FARCS TRIARY X SITEEL
726

2 HEERUHEE

2.1 BH-BRUAF I D L-FA31 DB

M ¢ AR —F » b (CPIMEE 198 g0 WEHBEEHYEHN & LU 12 mg/kg BE, 1 MIREA
AL, I8BEIBIC LB, FRY3FEO0.1M by A EREEHE pH7.4, 0.25M 71
o —AgH, FHENCEEFACER FTAI e vAEL 2 I F~-FHCTERIHKTT
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FECzFL KL, FEL K-+ F 170000 g T 60 SREEEC LI, Bohic LB 10ml %E
e Fiva (AmgCd/miy ERAMLAE, ©7»F»2AG-T5554 (2.6X9%0cm)
L, 10mM VU AKREER pH 8.6 THEHE ¥4, BEI-F4 57 VLAV I T A-F
FRAVGEORN, 2EEOA Y A F T RAA VYRRl TELFEYRRI, (V420 F
A VORRLEEERE m= 757 (HPLO-BEFBK (AAS) ol ¥

2.2 SWHNAFLZLBALVHAR

#BES 7 A (TSK ¥4 3,000 SW, 7.5X600mm) *3%F L7 HPLC 23 (E¥E#
HLC 803 A) D n#EE, EFRESKE (AAS, HILIT050A) OF 754 F—F 2~ 7
EGELRY, 77 4% 50mM + Y AEEEER, pHR.0, HE1.0mi/min THEHL A, FHE
D 254 & 280 nm OBRNE UG RBE YEFIC e =7 - L1,

3 BRIEE

3.1 ANITL-FF2A»E DINBORE

WEOF+ — A RPER G, F4—rBicet LT A% o DTNB # B4, BE,
A FEFdFAVROTF A ERERTLIHRIC O KEFO DINB 2 AV-HA TV 47, &
FERHE B TIIMELTFO DTNB (A2 rFdiA vhDFd—A3Txt LT 0.42 24 45) %
HF I vA-FARAVERIESE, RICARYBIFL I,

RIEBEIIDTINB ARG L TERT A 5-F4-2-= F v v /= — } @ 412 nm ORI JIE
THI L - TEILA (K1), R 7R TR T L., RIGIKED 1 5 FO5-F4-2-=
PEely Y- OB ERALEELCE 2D A1 20m DRKEET0.73THLL, H1OBR
2B FOFA2-= b e~y V- PR ERTCBHIEERLTWE, ZOZ L3I AF
DDTNB L 5-F3-2-=bu~vy=— b1 FTTR2BFEEIRTOLIEERRLT
VWAEELI, AFEFARAVOFr L 5GFH 22 bV S FETYAAT 4 F
BEAEMEREINT LI EHELTVS, FLIORIGEBRBRLIFTFOSF4-2-= br~lv )
== P AR E NS F TORIGE - LR L TV 5,

fEaF+x4veDINBORGHCETZH Vi v angHaR2emiict s kL,

[Borr:ivane—7al8obol s E AL, 1HENRL Y IREFFHORV Y-
sHB L, P F 7 ADRHOBLIBRNOFIEH LA TH - 1oh, #740 FEITH AT
protes ERRRIE, MBI D b REBNOE € 2 SEELED E0b, FFHTY
ANT 4 FEGHBRINL 2BRESTELAVI ESTRLTVS, b g aFri v
G-FA-2-m bl =t HOGTFRES ALY 4 PESLEELTVWI EETRLT S,

MAREERTEOD VI v a0fE2TRLTwEE, v—/7EEPLERLAAT IV A1
DTNB &HMLEIO E— 2 FD 16% T o7c, A X v Fd 54 VDI 4 - BCR LT 0.42 5
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Fig. 3 Distribution profile of cadmium 20 h after mixing cadmium-thionein with less
than a half molar equivalent of D'T'NB relative to thiol groups”
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Fig. 4 Schematic presentation of the reaction between cadmium-thionein and
DTNB®
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Fig. 5 Air-oxidation of cadmium-thionein in concentrated and dilute solutions®
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Fig. 7 Air-oxidation of zinc-thionein in dilute solution®
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Fig. 8 Ligand substitution reaction of cadmium- and zinc-thioneins with EDTA%
10mM + U AEREER (DHR.6) Pimn ¥ 1 o a—F o 2 A v % 12.2 ugCd/m!l &ir
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11-12 'H-NMR izt %5 Cd- RU (Cd, Zn)-
AAOFF 2 rOBRIBEENHR

Proton Nuclear Magnetic Resonance Studies on the Tertiary Structure
of Cd- and (Cd, Zn)-Metallothioneins*

=T mILT R

Fumiyuki MITSUMORI' and Chiharu TOHYAMA!

B B

IH-NMR # VT, @B L 0B LS80 2 2 v 5431 Vo0 TEREED
W4T ote AVicx vtz 8iL, Fob, vHFoiFeFF1 /1002, D
AR EFF A4 V2O EETHL, Y I VAREELL A2 TR VL BAviC
L <2t H-NMR » 27 F A%iRL, 3-8 h L, LasEHECL S x AR
HTREEAH LT A E®RLT, —H, AV ioAESHEYELEBE L 2 rFT
FAVL, AV vANTEED g0 FF R4 v ERRRRILD I VR AT v R
LTvBZ ERB ORI 51,

NMR-E#W, pHsEoREE, —dBE0P LT ORI LD g F R
D'H-NMR A~ 27 b Ao REHRFIC LD, 5ERO 22 e Far A YOREFO 2 F 1%
HREAY FhERELOAFH=v, AVRLf Yy, vy, ANy, ALVAF=,
Ty =vBECRBRT A EATER, ’

¥l g st advhOT 5= vEBRD -7 e b v OIBEE, FoFoT bEY
4 lppmfEdsbos, 44ppmHECHZLOD 2 BHECEZ ERD LB RV
B, Lindk, cOWRKSCBTA7 5= vHBEORIITNER, AsaFtidy
DCHKBY 24 v, NERF 24 v GEETAT 7= vEEOK I —HTDH L LAHLS
oty 2D 772 vEBRED a-T et volbFEr 7 i s Tt i A VDF
A VEEEYREL TSI L4 TE TS,

Abstract

Proton nuclear magnetic rescnance studies of various mammalian metal-
lothioneins are described. Metallothioneins-1 and 2, isolated from rat and rabbit, and
also metallothionein-2 from humans, were investigated. Proton NMR spectra showed
that mammalian metallothicneins containing Cd have similar tertiary structures
regardless of their sources. On the other hand, metallothioneins containing both Cd

1. BAEWEs BIEEss T 305 HRESE S mger 5 16 % 2
Environmental Health Sciences Division, the National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan. N

% HHFLO &3, Mitsumori, F. and C. Tohyama (1984) - J. Biochem., 96, 533-543.i= 38,

—131—



EFHLT HLTE

and Zn have a slightly different conformation from those containing Cd alone. Almost
all methyl resonances of Cd-metallothioneins were assigned to those of Met, Ile, Leu,
Val, Thr, and Ala residues by NMR double resonance techniques, pH titration, and
spectral comparison of these metallothioneins. Alpha-proton resonances of Ala
residues were classified into two groups, one of which arose around 4.1 ppm, the other
around 4.4 ppm. Morecver, the number of @ proton resonances around 4.1 ppm and
4.4 ppm agreed with the number of Ala residues in the COOH- terminal and NH,—
terminal domains of the metallothionein, respectively. This finding suggests that the
chemical shift values of a—protons of Ala residues are reflective of the domain
structure of the metallothioneins.

1 FLsic

2R eFdirA Y (MT) Qv A7 YBECELCEY, In*, Cu' it b0ESRBLEETS,
S T-E 6000-7000 DIESFTEL v 7 HTHBHY, MT DEERICKITZEECOVTi ¥ 1058
EIRTENVY, FELESRBOREEL 354t gBhrIneCutEoESEONR
HCEELGELRLLTWAZ EAFBRIhTV5, MT 1104 s, mEH+ic
EREMCEEL, VB e —f g2 B L Tw b2 LA -» T &, i, 37
Bpo MT i, —RBEOHERAEIERCE V., R, —o0oBHE,» LI, —kE&EOoLT
PERRLZODAERFr RS Y, MT-1RUMT228500%, ¥, v, v¥FF, kb
B LB T ohbDA vy 2 v A2 Bodhis, 367 i BEFoBRAE -0+ E
DEETAZ LML RAT VS,

IOWHRLF VA BEOBEYRL T AR, ThETEABRBIRA~L2 b, M6
# (CDY*, EXAFS®, NMRé-19, ESRU-Hp L 23 T ix gV bR TE L, &
W, CA-NMREC I D MT P Cd 2887 528 —%BHRL T2 LR Ehis, Thb
B, MT1 5FPEE 2N TEO CAdp 4 (7528 -A) L3BOI5AL— (P TAK -
B 28 TERELTWEDE, EBY 7Y vrdAuvic MT ORES#FE " CA-NMR
Ol AELRIID, 7FAX-ADPMTOCHEREAA VI, 7523 —BHNFKRY A1
ERIGL T A E BB AT & L7 tsie,

MT ho&BO#ER RO L 5 CBLhicEh T ok, <77 FiloBkiEgc-
WTIRAHE D BERAGER TV, 2 v~ BlEOSREH LT H0RE B X BN
BT SR B N bR TV 5D, $ET0 L AlAIIL RV, BEBOMT 07+ ¥
MByoavrr—va /ICBELT, 'TH-NMR ¥BAVclEL2, 3555, ZoHECLh Vazak
B MT 2 -Xh LABREEYELTIVWLC L, YAFAYBEVISEEOBSESL TV
B ERBRELLEY, #HrF, 'HNMRESLHERT ¢ /BEL ORIGHTRT-0, &
KBERTOERL S, 'H-NMREBDE7 : /BE~ORBRELTHIL TV IV,
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ARFICE T, MT O<7 5 FUOBEBECO-TOMRYBLLSHIET » O MT1,
MT-2, v #+¥DMT-1, MT-2, ROt } OMT-2058 D 2 .4 7 B>\ T400MHz 'H-
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2 HMRUKAE
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IOBEIRI, = - FARB T CHEEYHERL, SEAHEKCERSE, BREFLT T,
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Cd D4t fEia LIt MT 2B 50t ROF IR TEEMT e g ¥ h T 5 Zn % Cd B L
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R4 CrffB %, BESH ¥Sephadex G754 7 &+ (1.6XT5em) wB L THEYfT5, %D
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EXBEET 5700 CdBROTIBCEV T2 VA7 i FrLVEBRHKB X T -7, MT b0 d Bl
B A1 B 7z Jarrel-Ash model 975 5 X5 2 BT EXGH T - 72,

2.3 NMR &%
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GX-400 it x ALV, FTHIZ X D 10004000 EOBHE YT -, BV ELBELL. M #, =
~2 P AES5000Hz L L, BKX2 07 -2 BB LA, ¥ 7 Y 2 v 16 KX2 Sicou
T7 =y 2B} HT o7, A2 VAOGBERN O I v EY 2 —v s v TF 47 r v AR
fTofeg (LFY 7 MERF+EF VRBALL2,2-0 A FA2-v 7V 8 w5417 x vB+
Uy s (DSS) REEEE LTHE LR, REREITC,

— 133 —




=HAT - BUTHE

3 BRERUEE

3.1 2REM: Bk
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T, FEERT { VBBREYELCRGTW B L5 FEERLLE), A2 b AD5.5ppm
IV EBHNCIL<EENEBREV, 0.8-1.6 ppm DEICII 4 FARICHETS, I<oREL
E 7Ly HES L oh@BBbh 5, 2.09ppm, 2.03 ppm IZizEhth Met-1 RULD N
T FAKDEREKER S vy P ELTREMSN D, MTRETR 20BED ¥ 25 4
YD AF R, 3.0ppm AIICEL - THELTWS, Tk, TXTOBRED a-7 = b A
FDEFL4.0ppm AL E LRV EECBREN S,

AWE BT, EESORBOE—BME LT, I FBLAF L RERORITLT -
fro LnL, B X 0B LACH, Zn¥ & b g MT ((Cd, Zn)-MT) kT, 'H-

! I —
3 e

CHEMICAL SHIFT  (PPM)
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1 55 FCd-#2nu2FA+3 {20400 MHz '"H-NMR A7 + A3

Fig. 1 400 MHz ‘H-NMR spectrum of rat Cd-metallothionein-2%”
pHB8.46 BIEERE (37°C, {L¥ o 7 bERE I AHMDSS, 2 v £ Va-—vavFi7r
v ALER
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NMRA~Z b r@rhia KBMiTitgy, @2A 9 » + D (Cd, Zn)-MT-2R0, = oZn
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Zn)-MT-1, RU'CA-MT-1 @*H-NMR A =2 t A%mt, WFRCkyTh, (Cd, Zn)-MT
TRCA-MT il xT, A2 P ABEBELL T VBT ENBRBT M5,
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2
3
5 4
1
kﬂJ 96/4
T T i N T T
|5 | .0

CHEMICAL SHIFT  (PPM)

B 2A 9t AF2eFdhixAv-20400MHz 'H- NMRA -7 + A (0.7-19
ppm>301

Fig. 2A 400 MHz '"H-NMR spectra between 0.7 and 1.9 ppm of rat metallothionein-2
(a) Cd/Zn=96/4, pH8. 46 (b) Cd/Zn=63/37, pH8.53 MEHE 1 37°C ik
Fo N REIHEDSS, A a—vavFa 7L ALRE,
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ta Il

CHEMICAL SHIFT  (PPM)

2B 7 st AxeFdixAv-10400MHz '"H-NMRA <27 + 2 (0.7-1.9

ppm)ao) )

Fig. 2B 400 MHz '"HMR spectra between 0.7 and 1.9 ppm of rat metallothionein-1*
(a) Cd/Zn=98/2, pH&8.28 (b) Cd/Zn=65/35, pHB.74 R EFERE :37°C {k
ooy p B HEDSS, vy s —v s vF g 7y vy AMAE,

<, T3Hz BB TH D, 3) A FNEDFT Ly MERET e r VB LICEE, FOsFaHE
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B 4D Thr » F ke —sdpEEI2 R, —7H, CA-MT-2 2\ 71, 5@ Ala RO 2@
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P EBHAC IR ES 7 L Lcb D LHEESR D, CA-MT-2 & (Cd, Zn)-MT-2 D&
Boorricd, A7t AD3FTFETEATCRVWES RS,
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.5 .0
CHEMICAL SHIFT (PPM)
3 ZMEAHECI- 44 e F R A1 vOWOOMHz 'H-NMR A~ 27 b
(0.7-1.9 ppm)*®
Fig. 3 400 MHz '"H-NMR spectra between 0.7 and 1.9 ppm of various mammalian
Cd-metallothioneins®®
(a) 324+ 2zmFraA -1, pH8.28 (b)Y Fob <pwFdxArL
pHB.46 (c) v 2zeFaix(v-1, pHB.70 (d) 7++F AR aFARA

v-p. pHB.17T (€) &b axaFiafv2 pH8.28 WERE: 3C L%
7?‘%@—3:%%[)55:. 2 AEY a—a T 47 L ARE,
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DET vy r%%b?Val—ngﬁﬁéﬂ-ﬁ:a =% AMT-1: O—EBGEOHIF NS, 5 » FMT-
203Val-39, Val- 4902\ ValBE+HET5 L EES RS, £ FMT-2, 7 » F MT-2DVal-
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Val-39 i@ L, Lica-T0.88ppm, 1.04ppm D ¥ — 72 Val 49 WIREB I h 3, 70 F

149 V39

' 1 V39
A AA N rem2 g
A A ) Rab2 |49
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A , A AA Rat 1 323

1.0 0.9
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77 AR U EEE R0 SE

Fig. 4 Chemical shift diagrams of methyl signals of Ile, Leu, and Val residues and
their positions in amino acid sequences in various mammalian metallothio-
neins*”
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Bt MT-2, 7vF MT-2 T The BEORI2ETH DT, BHDES® Thr-14 (1.22
ppm), Thr-9, (1.21ppm} rFhFIBBLI, 7 v b MT-1Tit, Thr-9 & Thr-14 #31.22
ppm EEHix - THEL T3, ZOREBOERMG, 55 0 (Cd, Zn)-MT-2 THRL Hhic 2
FOThr g8 (H2A) 2 Thr27 R Thr-9 Th B 2 Ldbd oh, ThriFEBKouTiich
LLEDRRIAT > TV 78bss Thr o 4 F A RESD(FE > 7 HE, Ile, Val DBE L RiH MT
MITOE LD E sk E, Zhit Thr © g LcHES 2 OH £ KBRS C@EEL, <71 %D

9 14 16 17 27 42

27 14
/\ Hum 2 O @)
27 2,
A A Rab 1 L0000
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Rat 2 O o
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A A A Rat1 ©CO +1
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B 5 @A 205424 vO T BROAFLRE -2 DFA1727 7 2R
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Fig. 5 Chemical shift diagrams of methyl signals of Thr residues and their positions
in amino acid sequences in various mammalian metallothioneins®”
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Fig. 6 Chemical shift diagrams of methyl signals of Ala residues and their positions
in the amino acid sequences in various mammalian metallothioneins®
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Fig. 7 The pH dependence of chemical shift values of Ala methyl peaks of (A) rat
Cd-metallothionein-2 and { B) rat Cd-metallothionein-1*"
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T, Bhic, TOXRGERT a-T R b vl aFAEREORIERIRTIONC, B0 FAFKY
g0 HYL, WETAH a-7 e b Y4 4ppm HERD 26 OB, fEL 2711 1.45
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pHEEC Lo BBahic Ala-6l O s Fafe —riv-Thi, M60F17 57 20T
FErmani -2 icBL Tl b, ol rid, lRoESsoErnG, fHge— 213 NH,
FafvD AlaBE, tVWORBL—BLT-%, 3BIE, 5+ MT2DCOOH F 2 4 D
7354V (@g-7 57 2V b)) Tontil, 500 MHz 'H-NMR 2~ 7 + @G IR Tis D,
Zo Ala AFAEERICIZIEDET T vy FEENESLN5L0O, 1.45 ppm RS E
EMNHBL TV, ZOEFER, GfoRROFPURLIHETLI LTSS,

— 142 —



H-NMRIZL B # # =534 5 £ & v o @iahsoe

T T T T T T T T

H.5 4.0

CHEMICAL SHIFT (PPM)

B 8 59t Cd-r22eFdifv-2D a7t vH#HEOH-NMR A=Y
A (3.8-4.5 ppm)®

Fig. 8 400 MHz '"H-NMR spectrum between 3.8 and 4.5ppm of rat Cd-metallothio-
nein-2%"
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EOWTHE YT, v ¥ MT-1 £ MT-2i06V T, —&REELD AlafiBil, 39%BB L
PEFEANPANE D KTH B, L¥v 7 b E AT 550 LTk, BHERRBCHD1.50ppm
(MT-1), 1.53ppm (MT-2) o -2 hicHimTarlEL2bhE, LT, Zhbh®Ala-
39, Ala-42 KRB L1, ZoofER2L, v s MT-2, 55 F MT-2@x\T%h, 1.53ppm, 1.54
ppmDE — 7% Ala-42 E BB LI, ~RBELONBE{LE v 7 (4TS5 a0 EBCL b,
7 b MT-1 L2 MT OB b EEBRAoY — 212 Ala-53 2 bh5, LidhsT, = b MT
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TTH B, KRETTHAH-NMR 27 r A0REEIZ, MT b3 5Rics v Bosh
BB oI T 5 ET, MT Ot L BEOMBELFNT o L THALERER L ks LB
o,

C-6l

E 9 Boulanger >OREL /& aFAFF A VOSFREGEE T L™
Fig. 9 A structure model of metallothionein proposed by Beulanger ef a/?®
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Table 1 The assignment of methyl resonances in various mammalian Cd-metal-
lothioneins®®
fb2gs 7 P4 AT DSS, MEBE 37°C, pHB.28 (P b 25 mFdkA v
D, B (7ot AxwFdadv-2) 8,70 (74F 2zeFt+x4v-1)
B.I17 (¥4&F s2zpmFdFRAv-2), 828 (vt AFoFaiaw-2)
S:wvvsrvse b, DIFFver, T FU 7yt

species

and  Ohewy ~ multiplet ] (HZ) assignment 9foupiea
isotype  (ppm) structure (ppm)
rat 1 0.88 D 7.3 val 49 2.52
0.90 D 7.3 Val 39 1.93
0.97 D 6.7 Val 39 1.93
1.04 D 6.7 Val 49 252
1.22 D 6.7 Thr 9 4.42
1.22 D 6.7 Thr 14 4.42
1.25 D 5.5 Thr 4,29
1.31 D 6.1 Thr 4.38
1.36 D 7.3 Ala 861 4.10
1.44 D 7.3 Ala 20¢ 4.45
1.49 D 7.3 (Ala 45)¢ 4,12
2.03 S - N-Acetyl -
2.09 S - Met 1 -
rat 2 0.89 D 6.7 Val 39 195
0.93 T 7.0 Tle 496
0.96 D 6.7 Val 39 195
1.02 D 6.7 Ile 49y 2.20
1.21 D 6.1 Thr ¢ 4.49
1.29 D 6.1 Thr 27 429
1.36 D 7.3 Ala 53¢ 4.09
1.38 D 73 Ala 61 4.11
141 D 7.3 Ala 8or 16 444
1.45 D 73 Ala 8 or 16¢ 4.46
1.54 D 7.3 Ala 42¢ 4.14
2.03 S - N-acetyl -
2.09 S - Met 1 -
rabbit 1 0.90 D 6.1 Leu 54 1.61
0.92 T 6.1 Ile 496
0.97 D 6.1 Leu 54 1.61
1.02 D 6.4 Ile 49y 2.23
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Table 1 continued
sp:sées - multiplet JCHZ) assignment O upied
isotype  (ppm) structure (ppm)
1.20 D 6.1 Thr 431
1.24 D 6.1 Thr 4.24
1.28 D 6.4 (Thr 27) 4.30
1.29 D 6.4 (Thr 27) 4.17
137 D 6.7 Ala 53¢ 429
"1.38 D 7.3 Ala 61 4.11
1.41 D 7.0 Ala 8or 16° 4.38
1.44 D 7.3 Ala ¥ 4.45
1.46 D 7.1 Ala 8 or 16¢ 4.43
1.47 D 7.0 Ala 45¢ 4.30
1.50 D 76 Ala 3¢ 4.12
2.03 S - N-acetyl] -
2.09 S - Met 1 -
rabbit 2  0.93 T 7.0 Ile 486
1.03 D 7.0 lle 49y 2.24
1.14 D 6.7 Thr 4.42
118 D 6.4 Thr 4.24
1.18 D 6.1 Thr 4.59
1.27 D . 6.4 Thr 4.29
1.35 D Ala 53¢ 3.96
1.38 D 7.3 Ala 61 4.11
1.39 D Ala Bor16° 448
143 D 7.3 Ala 9 4.45
147 D Ala Bor 16° 431
1.48 D 7.6 Ala 45¢ 410
1.53 D 7.3 Ala 42¢ 4.12
2.03 S - N-acetyl -
2.09 S - Met 1 -
human 2 0.89 D 6.7 Val 39 181
0.92 T Ile 494
0.95 D 6.7 Val 39 1.91
1.02 D 6.7 Ille 49y 2.23
1.22 D 6.1 Thr 14 4.64
1.29 D 6.7 Thr 27 4.25
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Table ! continued

species

and 82 erny! multiplet

i a8
struciure ] (HZ) assignment Ycoupred

isotype  (ppm) (ppm)

1.35 D 7.9 Ala 53¢ 4.4
1.37 D 7.3 Ala 61 4.10
1.40 D 7.3 Ala 8or 16° 4.28
1,43 D 7.3 Ala ¥ 4.45
1.44 D 7.3 Ala 8or 16° 4.45
1.48 D 7.3 Ala 45° 4.10
1.53 D 7.3 Ala 42¢ 4.12
2.02 S - N-acetyl -

2.09 S - Met 1 -

a;: AFn¥ofFEss A

CAFNEED e TS LB T R v 7

CIT7IF=VvRADRER, 75 vDag-FetrpiiieFi iDL
A4 VEERFBL TGS EEELTT -7,

=
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Measurementis of Lipid Peroxides of Habitants
in an Area Polluted by Cadmium
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BEEr s ¥ e s (CA) RS Tui Cd HRMES 60 L Lotk Ro g d R
fbkFE & M AR VAEEBE S HE L, 2 b, CAIttsBEELRIL TS EHESR
RT3, ik s TESBREE ) ofSF 7 e v b e LIEE BE TR
FEUDERFEOCHEL v FECEVELR LA,

—F, Ty btEAVYIDa-2FaFtigy (CA-MT) #8HB5T5L, invivo DRRE
LIEEOIEEE LTRSS H 7 o A viBE L CA-MT 5 9ilic— R0 @ne — 7 5
Licds, BAECGHCIlr ~A 0 0% LT E T o 2w s EBELRELEYT LI,

ZHBOFBRLY, CA-MT L 2BEELABLEEER OB RS L, Hics
A VORBETH S w4 BOMRBEO B L OMESTY S ke, B, FEFHR
{EABZITEOEYHE~DO A O T L T8 S R,

Abstract

Breath hydrocarbons and serum thiobarbituric acid (TBA) values as indices of
lipid peroxidation of habitants in an area polluted by cadmium for long times were
examined. Breath propane and serum TBA values of habitants with kidney harmed
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chronically by cadmium were lower significantly than those of normal habitants.

Breath propane of female rats administered intraperitoneally with cadmium-~
metallothicnein {Cd-MT, 300ug as Cd**/kg body weight ) increased twice after 18h,
and then decreased to one-half of the initial level after several days. For these results,
a relationship between lipid peroxidation, especially peroxidation of w4 family fatty
acids as a precursor of breath propane, and kidney damage by Cd-MT was suggested.
Furthermore, possibility of application to epidemioclogical research of breath propane-
measurement was also discussed.

1 @Lrsic

BE&BC L sMRGHORRERFC OV ) BESBREEENSHELDORIE, i) BES
Bickd i b=y FY 7EECHEE, Qi) BRI L5 ATPase kol A E IR
T 505 BRUIEEO SR L EREOFER » # = XaD—2LE L LR TV A9, Zhit
EEBREORB L b, MRECEAE T PeEENELIC), BEEEERATEL
AhihTARIERIBLDEEZLRT S, # Fiva (Cd) 05 &008H B8 LT
DR L TLE L OFEB T L > THESRTLEST, LhLisb, CAiESF» rick
Wik in vive DIREBBR LD TH AR T2y 2 VOB B ke £ DB EEGED S
Rt s LA lENS DL, Chiez T, Cdick s i9E AR bR RSSO F - Rk
BEEGEELTCEVOFEEBERC I ZBECDLA D, TOBN L REAB LoMECo-
TEL ORBEOMEIB I h T3, T, EHECh-TCdAMNEE T &1 Cd HY
WIEEROFICH Cd inERT 2BREOCHAR L (HEIN TV, ChofEROEGEAH
BLIRE BT 2SI AN 6,

2EaFFiEA  RRAECd R Y DESRBVEEAICA - RICEATER IR EBES 2
VALBTHY, ThETRHESBYEBTHFEYETAA Vv s HEELZ LR TER, L
L, EEC-THY iV a-sxzeoFrxly (CA-MT) 7 » b &5 T35 L CA-MT it
WW.%K%ﬁfﬁﬁéhfﬁﬁGCd4ﬁvK§%L,C@ﬁ%@CdﬂE%k%ﬁ%&ﬁ?ﬁ
I LA R TR,

Fait BREO X 5 7eCdic & A Milagitt & IeE A8k & BREEZBE b T 22 & BRgicCd-
MT #455 » + OEMERE AR 2R P RILAFERSTE LY A TERT, BRFo S ety
B CA-MT #59C#mT 24, TORBBICETIELY <10 0% TETFT 52 &%
RuvHLi, =5, =% v®vz v C-MT &5 Bnt 2 5% B 3o v~
wREh, FRUTCETT5Z dithot, cOZEhD, BRE 7 e v 3FEECH LT
BEEAOBCIEETH LIRS TR I h, T OEEXMERAC Cd AT 2RI Cd B
GREFLTHERNTEINE SR~ A, BHEAD TEEE,) L Cdick hBES
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2 MBEFEE
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BH,) OHFTASI TR ARBH LA, T T8 TH- 1

HELEOFZIRILAEET S TV ERETER L v~ (Zero U Air, BELFH) 1L 477
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Fig. 1 A gas chromatography of hydrocarbons in the practical breath of normal

human
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Table | Lipid peroxides of habitants in an area polluted by cadmium

E % #F ERapss wmoOE B

N+SD % M%SD % MzSD %
o GOV 8 8 6
£ % G 66.0+5.6 76.0 +10.5% 69.8 +5.5
M % TBAMY 10.21+1.94 8.10+1.37® 10.97+2.25
Al I e 3.59+2.76 3.74+1.78 27.21x10.139
g T r et 7.37+2.08 3.35+2.27% 18.23£5.14%
G~ & D 6.09+2.82 4.48+2.04 12.64£2. 149
B % Amg? 1.492+1311 39.305+10.556% 2.870+1.172

1) n moles of MDA/m/

2) p moles of hydrocarbon/100m{ of breath

3) wg/l )

a) ERFHCHTZAEE (Student @ t-REW L33, P<0.05
b) P<0.01

<) P<0.001

4 L

Serum TBA:values (nmolesMDA/m1)

A

- 1 i 1

0 2 y 6 8 10
Ethane (pmoles/100ml breath gases)

® 2 AYivAafBiupEoe ikl totRogihr=# v L liE TBA ED 4
i

Fig. 2 Distribution of breath ethane and serum TBA values of habitants in an area
polluted by cadmium
O EEE. e TEAHEH
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Fig. 3 Distribution of breath pentane and serum TBA values of habitants in an area

polluted by cadmium
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Fig. 4 Distribution of breath propane and serum TBA values of habitants in an area
polluted by cadmium
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p moles/min/100 g- 4 HETH v = 2 v O 4 fEDERRL TR, CA-MT #EHED T rv D
ERAT L= v OBEEICUTCD8, #53 AR CAMT 5oL SETL
Tuie,

T Propane 11

Ethane (pmoles/min/100g B.W)
(M9 BOOT/uiw/sajoud) aundodd

t 1 1 ' :

48 60 72 O
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i ZEAL,

Fig. 5 Periodical changes of breath ethane and propane of rats administered with
cadmium-metailothionein (Cd-MT)
Cd-MT was administered intraperitoneally at a dose of 300.g Cd**/kg body weight.
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Effects of Cadmium on Steroid Metabolism in Rat

Lk W' - WEEX - BfE 5L° - REEE
K W% . IUSTREZ® - Gl =0

Mitsuru ANDO', Tetsuo ANDQ? Hiroshi TAKAHASHI?, Shinji TAKAHASHI®
Akira SHIMIZU?®, Shoji YAMAMOTO? and Yuzo ITO?

£ 5

COBIETIA NI T LA0RT o f VRBAOEEVIHIE L, Bk F iy g,
RpRE, sv7rs=v, BRESHPELEE, Sbi, s FioadRd 17—+
AFed&dra—gorFaf VYERCLEBELLL,

—K, BikH Vv anmPhrAarAFe v BECKETFTAE XREIT, Vi va
LEMBFRTFA L AF = v REOETH, BFI17-4F /AT 24 FEEOET L LTHEE
Th, 1T-HF VA5 n A FORFHEDIL, » Vv AaB5Bo MG ETTS,

ANETALLEFT S e - AP0 DEELMEET A A7 e VEEOETL, B
BEMCEBAMEESOETYLBL, v Ay — LERSHTEE w5,

Abstract

The effect of cadmium on the steroid metabolism was investigated. Cadmium
chleride did not affect the content of urea, creatinine and uric acid in urine. Cadmium
chloride did not affect the content of 17-hydroxy corticosteroid (17-OHCS) in urine
either.

On the other hand, cadmium chloride caused the reduction of plasma testosterone
concentration. The reduction of plasma testosterone concentration by cadmium
caused the decrease of 17-oxo-sterotd content in urine. The decrease of 17-oxo0-
steroid excretion depended upon the dose level of cadmium.
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The destruction of cytochrome P-450 and the reduction of plasma testosterone
concentration by cadmium caused the reduction of hepatic microsomal drug-metabo-
lizing enzyme activity and prolonged the pentobarbital sleeping time.
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17-0S LS » PioonTid, # Vi Al I 2BBEALR v, L L bRE
7y MoV TRENZEAR DRI,

15 880HEs » rORF17-0S DA F i v oy 5HBOSERBELYTT, 0.3mg/kg(0)
DA F 7 ARECE, 17-05 o2 BB A LAV, ThicH L 0.6 mg/kg(a) o ¥
Py aos T, 1ARMRBI17-0S 0B AETYRT, 2 BB ERBECEET?, 1.2
mg/kg(a) O F 7 a0ffs i, #5_HBLIH 17-0S DEWLETEES, 17-0S D
DX 5 ETF, 2EEBCEEERECEET 5, 2.4mg/kg(@) ©h FivaBicr, &
SZRBICAbRD17-05 oFBHLE T, £5FH2BMBCh - ThEERZ LRV, D
LA Vo s EBCHHAL 1708 B0 ETHRDH LD,

2421 BEOBES v F ORP17-0S O h F v s Lo T{esid, 0.3 (0), 0.6
mg/kg{a) OB ¥ 19 ABE5TR, 17-05S oD BE L bRl 1.2 (A), 2.4mg/kg
W o Fivafhiciy, BREE-BBELD 17T-0S 0FEHLETAABRE, 17-05S DET
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0 4 [ 12 16 days

H 1 5887 ikt sa Py s 58#0 17-08S He oD EREL
Fig. 1 The time course of 17-0S excretion of 5-weeks-old male rats after cadmium
administration

®* M= b e — AP (Omg/kg) WAL, HEEHD (p<0.03)
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Fig. 2 The time course of 17-05 ex- Fig. 3 The time course of 17-08 ex-
cretion of 21-weeks-old male rats cretion of 42-weeks-old male rats
after cadmium administration after cadmium administration
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Table 1 The time (min) course of the sleep of 5-, 21— and 44-weeks-old male and
female rats after cadmium administration Cunits=minutes)

Male Female
Dose 2nd Day 1st Week  2nd Week  3rd Week  4th Week 2nd Day Ist Week  2nd Week  3rd Week  4th Week
5-weeks-old Rats
0 69+15 65111 6711 6910 7045 151+28 153429 144+37 152417 159+52
0.3 78L6 69+ 16 6722 6716 6810 135+18 11419 150130 13421 136x16
0.6 9021 71+9 77125 69420 614 14520 14328 166118 164 £7 147£50
1.2 128+33** 93+15%* 9727 113+43* 119 46" 13627 139126 121+38 147435 150421
2.4 138+34* 8524 112+23** 135435 142£40* 156123 167+23 163+18 179+21 184+15
21-weeks-old Rats
¢ 105+23 10017 8619 100 £ 28 93+17 153+23 146 +17 170460 16651 171442
0.3 124-+39 10023 94+13 94118 10023 192+37 16820 155154 174162 184 +45
0.6 181+45** 134 £33 106 £18* 106 £9 88+18 166120 160121 16952 159+43 173455
1.2 194+53** 144+ 46* 134£30** 138 £24* 114+15 195 18** 169+23 165+35 161+16 174452
2.4 5 rats dead — — - ) — 206 47" 16621 198+ 24 146:X56 18936
44-weeks-old Rats
¢ 15716 128434 120422 125+26 129+18 208133 223-+31 230+41 22472 25046
0.3 182+38 153+19 134 +£23 157140 157146 205+24 214167 199127 20421 204140
0.6 188457 139+35 13433 137.£27 13342 220+24 218137 241 +56 25643 239+35
1.2 306+55%* 265+58*" 230£66** 229453+ 2301£69** 231+31 223+46 248156 239452 242159
2.4 438+37"" 309+37** 253+50** 386471 319x39** 293+ 46** 220+11 204 +56 23240 257£63

oy ke — AR (Cd BEEE) LoMCHELARO LR (p<0.05),
sz b e - LELEOECEEENRS LRI (p<0.01),

A

BALPYTIEY A Lo L¥r®T o



T Wb

LB ENEE2 T3,

BRITFAT AT e VOLEFGHRTSRETH Y, FHEDRERRAT v 1 Vit O
BETH>TELRMCHL, 2O Enbh, AFivadaTef FRBICEL CBEL, A7
m A FOEERNAT v 2 ENEL, ThiCLOBBEELLLLTLEELORD,

CORBTRA Y ivaFER Ly, RPREER, 7 vy F=v, REERCELIEDL
Nighots, FELUVHEOEEREZ s Tt EZDRS,

BIEBNRDAT v A Vo OfRBETHE 17-0HCS ode2iil, 2O L5 HBEOHN ¥
o afEC LY, FBROMMED T o b ELBE ARV, H Y Y ALRIREECEL
VEMOBREEZSRE- S L BRI,

chicE L, 17-05 Ok, H ¥ i oAb kb, B b ERLE AR GRT,
12mg/kg AEDd ¥ i v afphickh, ZEMOBEY » + &K 17-08 oo Rm2#E L <
ETFT 5, MPFFALATa VBELZCETL, 2 P25 hBLGETERL
1

D LS iR 17-08 BB OE T, 17-0OHCS R E L tE 2 b e, P VY
ADMREBEREEERIT L AL ELLND, WP I ALIATA AT v VEEERTHAT =
AFYDEBRAF v ARBLEAOBEKEBELZ T —BEk-Tw2EEL0N5, FHEE
MBI ARBHEOEELTO—TL, 7P v A IbFA AT R v AERTERTAEEZ
¥ (-
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Density Increment and Decreased Survival of Rat
Red Blood Cells Induced by Cadmium*

=l 2'-EFx F - AREFAE

Takashi MIURA', Manabu KUNIMOTOQO!® and Kentaro KUBOTA!

£ g

FMEROEE L EFHRCEETH Vv a (Cd) omEL#-aiomic, Wistar Fl
5y MCCACL R B THE L1, 1mgCd/kg FEOEEC L v U ToE I EREINI,
1) WE%1-3F 87, LEOXE ormEREON E BEO /& fefmEkE oA
AEFT L, 2) 3HEEBHBER ML, 3) 5 ABK~<F2 Y » HMEDET L
HEO X fFmnERoBnARs of, 4 THHKE~= b2 Y o FEATBRO L~
CEE LT, ~= 2 Yy rEE, CABESEESBRT, 1.0 R 5mgCd 5B THE
ETFTYT LI, BEEEE, 0.omgLlho Cd ohEciint k.

FMEFBGZREFTCAdoBR Y FA~N LD, *H-diisopropyl fluorophosphate (*H-
DFP) %% » FiCiEA LFAMIRAER U, SR 11 8 A, 0.5 X2 1.0mgCd 2 #45-
LB H- IS X R BEE 2 RE L, CAEA® e BETIL 0.5 BT 1.0 meCd
kb S E n o RmER N BB O 6% R T 68% (p<0.05) KIET LTV,

CheOERR, CdARMEBEEEZEMIELZ 8L T, FMEROKSEE 2R
TOMEF HEELEMP R T LE2RLTE,

Abstract

Male Wistar rats were injected with CdCl, (Cd) subcutaneously to examine in
vivo effects of Cd on density and survival of red blood cells. During seven days after
administration of 1.0 mg/kg, the following sequence of events occured : 1) a progres-
sive increase in the amount of denser red hlood cells concomitant with a decrease in
that of lighter red blood cells from the first to the third day. 2) an increase in the spleen
weight at the third day, 3} a decrease in the hematocrit value and an increase in the
amount of lighter red blood cells at the fifth day, and 4) a recovery of the hematocrit
value at the seventh day. Five days after administration, the hematocrit value

1. BXASEWEF REEER T305 HRRAKNE B EN16E 2
Basic Medical Sciences Division, the National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.

* Fi#wo—&it, Kunimoto, M. and T. Miura : Density increment and decreased survival of rat red
blood cells induced by cadmium. Environ. Res. {in press). T# %,
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descreased significantly at the 1% level at 1.0 and 1.5 mg Cd/kg. A highly significant
splenomegaly was also observed at 0.5 to 1.5 mg Cd/kg. In order to label red blood
cells #n wvivo, *H-diisopropyl fluorophosphate CCH-DFP) was injected into rats. At
day 11, Cd at either 0.5 or 1.0 mg/kg was administered to *H-DFP-prelabeled animals.
Cd- administration accelerated *H-labeled red cell clearance from the blood. Six
days after Cd-administration, the radiocactivity of red blood cells was 76% and 68%
(p<0.05) of the control at 0.5 and 1.0 mg Cd/kg, respectively. These results show that
Cd at low dose can cause anemia by increasing red cell density and by accelerating red
cell sequestration, presumably in the spleen.

1 Lt

AV Iva (Cd) ik, B INLEREY S5 RERLIEEE WAMYRI T LN
HBhTWb, CORME, BIMES 5 ERIHEFAIRTBY, Lalisb, Clic
X AEMOREREL, CEERATH L,

FEnpscrofoREcEsdT s s, Cdit ¥t i, ke TIEc L - T S8
FHOEITRL B, Garty BNI, ETHS I Cd AmEdEn s 3 RHE & TREckhE A,
ToBII—FOHCRELI EEFFEL -5, MifTo Cdit, FRARMBCBHEL TN,
GlxiE, ¢ bR T%E, mMEPD Cdo W0%LL EXAFMKZRGZE3h5ET, Garty
B, Fifukdbo Cd o XH G mEES I f L TV-5 L 8EL T2,

FmER, MR cEAT e onTHE ENL, HLEOBNL AR MER e MFE PR R
%<éﬂ%%ﬂi%mmoﬁmﬁ®%$ﬁ,ﬂhﬁ%ﬁiﬁ%kﬁﬁbfvé%iﬂiwﬂ%%v
OERAIBEINAEHF T CEMGINRD, £DI AL LT, raa—A+6-) v BRARER
REHHNTEALEVBFF - EREBTIR, FOROEHEOE T » THEMNE T
CEqhPTLeh, BEOFLEEME RS, /4, SHERICARETLETS &, ROk
BECET  IhLT R MfhToFFPERI LYY, Cd, SHEEEHESETH
5O CHRIBED SH HE & RIEL, FHMKDBEALRTOREE AEHC L THEMPEE Mm% %
FEXRBLELEZDNDG, £ I2T, CdAtinvivo CHROKROLE - FHCTIETHRLBR L1,
Ffo, BEBEOCIY T » FICHTHSL, BREREEL~~r2 0 MEOEOWTLIRFHL
o

2 B &

2.1 CAdNESERUREOEREE

B Jol Wistar REET » + (420-470 g) &, SERAEKCERL - CACL ¥ K TF#
B L, BERC~Y vOPRELTEED HEECER L ZHROROFEICER LA, i,
mgEn—®iz, ~=< 7Y v MEDBIFCA VLR,
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2.2 BEZHIRELK S DROBROTE

CAdBH LT » t ALBELAMBEIL, 0.5FDN%TFA 7 VEBREBAS LACBEL
PO TFEA L 7 ORMNEEL SBCEBLIY, F+2 175 T40 BEHL, Abraham 5H'7
O AR L, B X RmER S B gsh, BELSO0 LTIV, IV, O, II,
[ EmEL, EBoFKMBRYERE~c Y e C Vv BERAETIOmMI L, EBOo~2 7Y
BYEELA,

2.3 RmEREES ORE

1Bk % in pive © diisopropyl fluorophosphate (DFP) #E#+ 2o, 4£EpAEKCE
L5 uCio [(1,3-*H)-DFP (5.2 Ci/mmol, New England Nuclear) # 1 B4 F » b D
Bk b AL, *H-DFP 83 2 0L 11 BEHIC, 5 212 0.53X31.0mg Cd/kg f6&

PHEAZNL, CAESSEEBMCH0.4m/ OMESRESREL v BELENESEoNTCLL
s

2.4 FOFRBUREHORFBEOME

M 0.15m/ %, fMbORHEEORMBCHEAL, By ol TmEoFABCHERLL, m
Wi, lmi{ o7 e vy —s (New England Nuclear) ESL 60°C TH0 5fElf v & 2 ~— s
v, 0.5ml D 30% H,0, L ¥iw60°C T30 oA vFa~t—vaviic, BHLHRRE -7
m¥Evy, v+ v —4# — (Bioflour, New England Nuclear) * 84 L, *H oRHE®ROREC
Byt My, BERLY v Fr—2 —+LEAL, *HEHE®ROAFECRAV- bR,

2.5 BARMOKREEX
B L CdEENLO0EI, ANOVA K L Y BEROBR TR TARR YA~

IR R

3.1 #8H, BREERU~<LZ2 Yy (Ht) HIZRIET CdOYR

1.0mgdCd %5 » MK FRY L, SESKAE, BREERNY Ht ErHE L g EvR |
CRLI, GEINEEREL Y RS iod i, BEER L CdHS5H# 3 B B BiEoD 156%
(p<0.001) wHML, 7 HE S CHECE Erl L, WBERLGEe, Ht Eegrc
BA L 5 B i BEo 86% (p<0.01) what, TOEEEL, 7 BINEBRHO LY~
E T,

1, 38 BRERRUVHECRET CA#SBEOBREARLL, BEESI 0.5
10K 1.5mg o CAB5%5 B B THEED 147% (p<0.01), 141% (p<0.01> RU150%
(p<0.001) VigfnLsc, —35, Htfiix, 0.5, 1.0 RV 1.5mg Cad #5 L BB 3%, 9%
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Fig. 1 Changes in the weights of body and spleen and the hematocrit value during
seven days after administration of 1 mg Cd/kg
IBH6EDS » » OFHELERREYTRLE, O---0, HiEF. o—e, BEN,
**p<0.01; ***p<0.001

F 1 »VivaAEES HRCHITA4EE BBER ~~ 27V HED
Zr 4k,
Table 1 The weights of body and spleen and the hematocrit values five days after Cd-

administration

Cd-administration (mg Cd/kg)

Control 0.5mg 1.0 mg 1.5mg

Body weight {g) 454+19 430+11 42421 418426

Spleen weight (mg) 854119 1,258+172***  1,146x£97%**  1,270+132°**

Hematocrit (%) 44.7x1.5 43.5%0.5 40.8+1.5"" 39.9+1.8°"

Feffik, 1RGED T » P OYLE - BERECRLA, **p<.0], **7p<0.001

— 170 —



AT LILLD Ty P ARIMERD BRI & A AR o 558

(p<0.001) BU11% (p<0.01) #WHEFLA, hEL, CdHEH S HH THREAEE RS

Mmool

3.2 CGdicshFHEH 3 h 3 ROBREEOEL :
FHMER L E T Cd ORRATSDImIC, 1.0mgD Cd ¥ H5 LT » b L0 el
ECERE L, AmBRARECL 0 SE L, CdBSC LY AN/ IVES V +IVOSRMERET
LHB X SEA L, 3 CBIEE CHREED 41%, p<0.00D) w@ELL (R2), Zhedd#
W, ThHEOKEXABESI: S HEOKEV-ES I+ 1 OFRMEREE, BT RL3IHET
& Wt BED 325% (p<0.001) & 300% (p<0.001) &ftote, CAESHIHRB WL, B
V+IVORBROV~icBd L, @ollsms 1+ 1 A BROKEFcE L, 78 B,
Cd #r-581 » HRB L OB HEREARD LR ot BLEofER, L, Cd 5 ik

REARMI2 2 LRI R

% 2 HFivaFGlsiaEkEEORL

Table 2 Changes in red cell density induced by Cd-administration

The hemoglobin content (arbitrary unit)

V+IV I H+1
1 day Control 1.9+0.2 0.4x0.2 0.1+0.1
Exposed 1.4+0.2* 0.8L£0.1*** 0.3+0.2
E/C (.74 2.18 2.46
3 days Control 2.04+0.1 0.3x0.2 0.1x£0.0
Exposed 0.8£0.4**" 1.1+0.47** 0.3x0.0*"
E/C 0.41 3.25 3.10
5 days Control 1.7+0.1 0.5x0.2 0.2+0.1
Exposed 1.83x0.3 0.2+0.1 $.1+0.0
E/C 1.06 0.44 0.56
7 days Control 1.8+0.2 (.4+0.2 0.240.1
Exposed 1.7£0.3 0.5+0.2 0.2+0.1
E/C (.92 1.22 1.04

Hilvr, 1BH6ILDT » F OFEHETBERETRL I,

**p<0.01, **"p<0.001
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3.3 CAoFNBES-RITERE

FRIMERD M OF e izt Cd 0B LB 5182, 7 v FCPH-DFP A #HE L TkinEk
*¥H E#& L1, *H-DFP D&%, FmRE ok HE M EHBAEmC R L, 10 5B
BREERB L fof, £2T, 11 BHC 0.5 1.0mg o Cd 2°H-DFP #g L7 » MK
T#E5L, SRR R nFhoRstER A IIELE: (R2), Cd&fbwk v*H &L 1ok
MEREMFE L, bORERE SR, #EHEIA BT 0mg CATHRBED8Y% (p<0.05) ©
BT L7, 60 B, AROBROBGEEH0. 5K U1.0mg Cdib CHREED £ « 76% B 1°68%
(p<0.05) kigoie, HLEDERML, Cd HFIFRAROME»bOBREXRET L &R I
7o

Plasma,

*H (dpm x10°/mt blood)

0

0 1 2 3 4 5 6
Days after Cd Administration
B 2 #VivaoknBEagoRidtEs
Fig. 2 In vivo effect of Cd on red cell clearance
14D T » b DFEE L EERETYTR LI,
OO, 0.5mg Cd/kg ; 9—®, 1.0mg Cd/kg . OO, #HEf,
WX, MO FHER | *p<0.05

4 £ =

g ERRc L 5k, MEPD Cd AFCHFLKRKCBELT55Y, Cdo 1 EHESCL T
& EREOBESELATLBY, BIT, Garty B, 8BSkt Cd AR MEROREE S & M5 E i
SomHcRBECHENTLEHREL %, FMBROKLEL CdHEFIC L p T 288 RE
THTHAH, BEECHEYELT LI B FTECHL» VY 2/t YO, CdE0&ES
BTRIBHEENTVAD'Y, Lioh-T, Cd iR ERTCES L, RORomBhetits
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AR RDEELIOLND, B, BESL, invitro THAKEY Cd BT 5 &, AR
Bl D e v p EACA kb b SR RICRIES R B 2 £ R BV L, Cdit, SH%RE
HESRTHHOT, MBER LM v s B OB REA2FA 2 L T8 D, L
BoT, Cdict HRmEREEO ML, CdEALALEBES TR LR LELS
ni,

Cd #5431, "H S RImERO Mo SOBERRE L (R2), H A ek mfin &
OB, Cd#E5# 1-6 AOMNESBMCHET L, —7, hEOKX kmeke:, Cd#ss
SHEXCTHEML, ko 28METIBED /2 TR Lo (F2), Kok, mEhcoE
ftoid@t, HEOMNE XL, REOKE (ot Mfirr bESHCRES LD
LHIBY, ChoORSYRALTEL DL, CARFIC LD MINT 5 LEDK X AliE
A, MR BRI R MO BE L AR, EomC i bREShD EELLA
5,

Cdick v BEOIRANE-Z L L, 9 ATHEIRTERL? D, KPFEOHEETIE, 0.5
mg CA 510 5 »T b HEHRMBOEISEEI NS (F1), FREKE, MEPTOELOBE
TRBICHEF ¢ 2R 50T, MEOIEAIT Cd AR MEROMETORF { P RELAER L LE L
Hhd, OB, SHERICHAE CRMIRAATES 5 £, R IECBRICHT S
haI5uhbl bbb TRHEINDSY, |

KB, (EBED CAd%T v M tETRET L, UFO B0BEAKEENL L & 2005
L,

1) FmERHEDEN

2) MEBEOEX

3) HEOKELAmMEMOEA & Ht HOET

4) MEFTOEGHRMIROEEME Ht BOEE
COBET, FMERAHS SDBEMEE X, Litdi-T, Cd i {ERE THMERLES R
mEe, RMROBECORME C REES LA Ll »T, AMARESES 5 LERHTH
hi,

5 A X ®
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An Apparent Acceleration of Age-Related Changes
of Rat Red Blood Cells by Cadmium*

EA .= £ AREEKRE

Manabu KUNIMOTOQ!, Takashi MIURA® and Kentaro KUBOTA!

B B

BMAR XAGEETD, AV iva (Cd) ©F v rFHMRAD in vitro TOEEC
DT L, K (Hg) OfER LD EY T, iM%y 0.5 2.0 mM CACLEHE T,
A7°C, 60 4fE, 1 vF - e T hE, HEHM BREEL EEECETZOHKM
ozt s Fiks, BEHFWmCEIFE Ihi, 0.5 KU 1.0mMCACLEDT v & a
A= a VL L DIRMERD iy vive TOFGOEMAED LRI, 2mM LT CdClL&D
A vFa~i—vavTit, ATP, a2 74 vORLECNRBEAE, S50, VYA
14 voREaEED bhirh ok, HeCh.ofmBoE/ it 2 Bt~ @B#r, CdClL»D
520 55k ot MEOEFEL Y, FERARI &0 GEBETC R, HFlERoBEicts
FhAREL, hy, ROBEDT > - CdOoHEFRA I - TR IR T
L AREME AR EE R R,

Abstract

The effect of Cd** at the nonhemolytic concentration on rat red blood cells was
examined in wvitro and compared with that of Hg>*. When red blood cells were
incubated at 37°C with 0.5 to 2.0 mM CdCl, for 60 min, the age-related changes of red
blood cells like increases in the cell density and the number of echinocytes and decrease
in the filterability were developed dose-dependently. The incubation of red blood
cells with .5 and 1.0 mM CdCl; resulted in their shortened iz vivo survival. Neither
metabolic blockade such as a fall in the ATP and GSH contents nor K* leakage
occurred at nonhemolytic concentrations of Cd**. The effect of HgCl, on age-related
changes of red blood cells were 5-20 fold higher than those of CdCl,. These results
show that age-related changes were apparently accelerated by nonhemolytic concen-
trations of Cd** and may be, at least in part, due to the interaction of Cd** with thio!
residue of cell membranes.

1. B AEREH REAEN T 305 HmELAMN M0 DB /N2 16 % 2
Basic Medical Sciences Division, the National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, [baraki 305, Japan.

* O —#iL Kunimoto, M., T. Miura and K. Kubota (1985) : An apparent acceleration of age-
related changes of rat red biood cells by cadmium. Toxicol. Appl. Pharmacol, 77, 451-457.¢2 &3,

— 175 —



HE .= 5. AREEKE

1 Lol

AFiga (CA RI<MohiBESFRMMIETHY, CdBEBYC T, BMiz—HNC
HBLRAZHEFTH B, Cd I HEHML, BRESHC3ERTEL IR TVSHAVERL 2
= AL, WCEREBELMTIL

Bk, mMFEPT—TOFHFGYEL, ELofknike, WEAERTHEIIRD I
AW, Mt eoOERCH, FIMERESEESEML, SEET RS e LiokniRe, &
TEEMME LD, MEBROBELLDLAY, FORHA» VY 2440, ETL TR, BERIEM
DETHEDHRTVDY,

FA - AERRICHEDREABC L b, FlROBFHEIMETL, WRbTcoHFaomBL, BE
TOPLT AL HREDER D ZENFHEI RT3, Cdiy, F4 -2 EREEOEBO—&
THH, CdFIROMBNERTORMEL < REETIZLicd ), MM ER-TE
WO TS E L DD, R THR 4}, BOYFERIZAVGEED CAY, invitro TREN
FEZ v b ARmEFROELCRIE L AR RES D2 R, CAdDfFALKE (He) OfFAL
D HEERTS .,

2 5 &

2.1 FMBOBEREr A i ~N—2 g

Jel: Wistar OBEZ » + (420-470g) XD, BRI HEC I b, ROFRYHAB L, B
SEROBEBYHEHT LS, FMOERE 3 HAD 5mM KCI, 116 mM NaCl, 11.1mM 7 1= —
A, 0.54mM7F=v, 12.TmMA /v v BT, K2EBED CICLA 5 it HgCL%&1r 50 mM
VY vy, pH7.4 LB, 37CCLREE, @5hiRE I Lighhf vFat-irg
v LT,

2.2 BEZHSERCICL SFTROROSE

AV HF oty a Vv LItROBEERERO— 8%, 1/3803U% T+ 2+ 7 v TABERLEY,
FHA L7 v OREHTE - 5 BEQKAMY, mOE, RO 5B Srhn, BB,
BagV—-1&L, BVEFOERHRCALARLIKE EH50&LE, FEpYERL, —EE
ELT, Fo~rmevrgEEvilEL s,

2.3 EFUBTFENERE

A vF 2= a2 Y LEFROBRBRREO—H%Y, 10580 1% 7/ raa7ade ¥ EREYE, B
BC2RmEEL. BELAKRLERGE, FROV v BRETNKT2E, EWKT?2EHSLE,
254 Froac¥E, BRELL, Bk, &—527 4 (60 40) T=—+ Lk, Biz HHS
-2R¥, HBET, MERBLI0KV, 27 - H35TREL .
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2.4 FOEWHFFEROME

AvFa~—¥a v ROBEEEO 8%, 2m! D 10%EELYST 5 mM Tris-HCl,
pH7 4 EF L, 3000 @ T 10 FEEO LA, B6RcHMmERSY 1 mi D HNO,/60%HCIO,
(5:1) TRALL, 1%HNO,T3mi L L1, 254+ vDgRd, 77 X-RYESASHER (B
Eorv—rvae T wva) THIELL,

2.5 FMIFD ATP, ZL2FF-5BOAIE
ATP &8, FMROBEEBMHEBLH, A7 =0 v -7 =5 —FHETREL,
Ffr, FERRITE AL 294 v THBHHEMBKAEF + — AZil, Beutler ® FEWC LI hEB L.

2.6 FRIMER® filterability

AvFa~—va Vg BOKL->CECHRMER 2m! %, Teitel DHE TR, T2 —
bt P LicAE (EE No. SA) k#iei, Filterability i3, ¥ 507RMmE (1m/f) HARE
NTL B ETORBONETHS pT index THF LIz,

2.7 CAdARAEFRMNEOMAFP THEFE

FRIMER %, BEABIRD LA M L WA ARL, P T, H-o4 v Frr7lde
7+ A7 =—+ (CH-DFP) CE#H#E, §Eol & CAABELEL, CdABHRMBR A HEGE,
UMt B, BEIRLD 5 PCEALL, AL L 3, 24, 96RRI%, BEI &ML, @
FOMMELRE S VL - a VERIZIVAEL T,

IR

3.1 CdRU Hg i & 5 ROBROBM & ATP, S5 F3 SROE

FRIER Y BRED CdCl, & 37°C, 60 1 v ¥ 2 ~—v a2 v+ 5 &, BREBECMAL Cd oty
1/3 fRMBRCE haA g, £05—10%), FRMHRECHFELL, 0.1mM HgCLH 5\, 2.0
mM CdClL E DA v &F 2 ~N—2 3 VT, L TPRBNNEDHLRCD, BETHIEratz (E1),
FTRUTORECRELED LAY, i, KOO ATP, 7225+ v &8, BLALE
fbirispotc (F 1),

3.2 CdRU Hg (2L 25RMROIEE: REOR(E

F2WCdRU Hgo, FMROLE - BEICHTIEELT L, AOROLER, Bilixid
ZEGEREO Cd v, BEHRTA, #Binli, 0.5mMCdClL, T, TopERO~% 7wy
(Hb) DE &Rz, Middle Bisyo Hb ofEnsiEsd b, 1.0 mM CdCl, T, Top EH D
Hb i, MBOYESC ¥ cEl L, Middle, Bottom E45 D Hb oo bht, Hg b, #
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F 1 CdCl & HgCLoRImHROBEN KRR ATP, 7155+ v Ef~0BE
Table 1 Effects of CdCl; and HgCl; on hemolysis and the contents of ATP and GSH
of red blood cells

Addition Hemolysis  ATP content* GSH content®

(mM) (%) {(umol/g Hb)  (umol/g Hb)
None 1.86 4.35+1.05 8.17+0.53
CdCl, (0.5) 1.21 4.19--0.83 8.190.28

# o (1.0) 1.18 4.55+0.97 8.1440.30

(2,00 2.26 4.11+0.75 8.19+0.13

HgCl, (0.05) 1.80
# o (0.10) 2.04 3.84+0.83 7.83%0.18

* i+ ENAREE GGURHL )

% 2 CdClL & HgClio X ikizk o HE S BREOE(L
Tablte 2 Changes in density and shape of red blood cells induced by incubation with
CdCl, and HgCl,

Addition Distribution of Hb (%) Content of
(mM) Top Middle Bottom  discoidal cells (%)

None 50.7 33.1 16.2 68.4
CdCl; (0.5) 30.1 53.6 16.2 38.5

# (1.0 24.3 51.4 24.5 26.4

o (2.0) 20.6 48.9 30.3 8.3
HgCl, (0.05) 22.90 55.2 22.8 57.5

o 0.1 10.1 36.9 53.0 25.0

B R MER L A #8hn X+, 0.05mM HgCli2, 1.0mM CdCL ¢ R&EogR ¥R L1,

i, BMAREZZLGEED Cd Hgid, ROREECLEELPREL, AHFEHEOMEE
erss e (B1), EROBBERMED LR 0.5 1.0mM CCLAREC X b EhEh,
KR 56%, 39%&7h, 0.1mM HegClit1.0mM CdCL:REDHRY R LI,
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B 1 CdCLEU"HgCl,béAfvHF=~—vav Lo B FEMEETER
Fig. 1 Electron micrographs of red blood cells incubated with CdCl, and HgCl:
(A S8, (B) 1mMCdCl, (CY 0.1 mM Hgll, A7 -/ 10 um

3.3 CARUHg LB L zFAKROA N TLA4FdY (KY), T U743y (Nat) €8
DEAL

Cd, Hg ¥ &1 HBoESLER, AlE,»b0 KIoRHEa3 2R IL, ROKOMREELLLL
T EAEBRTLAT, 0 K*ORHORMBREEENA~OESE ##ETT 57/, FRilnkkod K*
SBROFLBELL, 0.1mM HgCLE, 2.0mM CdCLADA vF 2 ~<—¥a v T, K'&
BHBCES L (£3), FhLUTOBETE, Cd, Hg & bHEAEL G X imot,
FIMERD Nat Gz, Cd Qe L b e 1320 b BB Tilish»fe, —7 Hg13.0.05,
01 mMM VTR TLEE L NatOE BB oL, Avaa~t-vavolBOA7 v am
D Natk KeBEEx#H2T (FK 274 v 2) RIRAADRE - >BErHEIE, K'ORE%:
Mz 78t h, Cd, Hgio X oARMEREEOMEIN, 138 A LBEIhih o, LIEdiaT,
SrmEREEEo S, KToRe T L LBEL TuwiwEEL bR,

3.4 Cd BU Hg IRt 5 FRIOERD filterability O E4L

R MERD filterability &, FRmMERD ML TORIFRBOMMMES MR T2, £ TCd,
Hg O#FMIRD filterability ~OMBE v U HE, Cdil, BEHTNE filterability % ¥4
(pT index %88 24 (M2), MO pT index 75, 0.57 THLHDOEHL, 0.5 1.0, 2.0
mM CdClL & 1 v % = <— 2 3 v LiRmERCIE, FA%h, 091, 1.11, 1.73 ML TED,
0.1 mM HgClLtt, 0.5mM CACL L REOHRELY TR LI,
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Rl
i

= 3 CdCl, & HegCliz X 2/RkmEkd KR NatSB o &1k
Table 3 Changes in the contents of K* and Na* of red bloed cells produced by
incubatton with CdCl, and HgCl,

Addition K* content Na* content
(mM) (g cation/g Fe) (g cation/g Fe)

None 3.41%0.11 0.097£0.040

CdClI; (0.5 3.38+0.16 0.102+0.020

#  (1.0) 3.17+0.27 0.130=0.014

# (2.0) 2.98+0.11" 0.168+0.009
HgCl: (0.05) 3.28+0.11 0.187+0.004*
7 {0.10 3.01+0.08" 0.231£0.043"

»p<0.00 CREECEREE, AP

151
/O
/
= /
E ‘
gt N
ic / /A/
2 N
g g s
- // V4 n”
3 .
g N
7 &
| Y
o X4 ]
//_‘/
'
/ t |
0

i 2 & 8
Time (min)
B 2 CACLEOCHgCl, &1 v % a-~<—2 a2 v LifkMEO filtration

Fig. 2 Filtration of red blood cells incubated with CdCl; and HgCl,
R (O), 0.1mM HgCl, (&), 0.5mM CdCl, (@), 1 mM CdCl, (a), 2mM CdCl,

(|
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3.5 Cdmiic & 5RO MK TORFERMOEL

H-DFP CEZ LU -RIMEK% 0.5, 1.0mM CdCl, & 1 B f v 2 ~—va v Lk BUs v
bR R L, Thbomith TORFEROERELYHEL . MEORMMKE, EiIRL
DA, 24K, 96BRIT, 3RMBO v AD, FnFh, 53%. 0%EP LT (B
32 CA@BUARMER L DECMTP»LERL, CABECEKTFLAELTH -1, BAE
3BEEIC, 1.0 mM CACL T L fofkmER iz, RO 80% L HRCHA LTk b, 24 BT,
0.5, 1.0mM CdCLALEFFT, ThLhxtfo 48%, 36% i LT, 06 BERHEITel, *R
FL20%ABRFL TV 21 b hhbbT, CdAEE, EEecmfdtn siEE LTt L
oo T, in vitvo TO CAdNH v, FEBROMmMEYS (n vive) TOBRITREYERT 2 &R
Enki,

£

E_ !

o 64 \
2 |

x

~ 5

-

[}

2

Q4

£ T

3

=

g2 :

'9 LI

& 14 .

0 T e
3 24 96

Time after Injection {hours)

3 Inovitro TCACLE A vHa—va v LickmBompd Gn vive) T
¥ ¥eais]
Fig. 3 In w»ive survival of red blood cells incubated with CdCl; /»n wvitre

0.5 mM CdClL, (@), 1.0mM CdCl, (a), WD), 7 THLEERSE GHK4Y)
3T, p<0.001

4 £ =

—HiCARmEkeL, MR TOELCE, HECHMEERENETE L, ARBAERT
HWE{3nslLorwiehd, RBECT, BMLFIERSACEBEONF i va (CD RUKE (He
LD VR 2 ~l-v el b, RMBROFECEAE L 228k (LB, MERTEO HE,
filterahility D#/4) DRASED bR, EFEE (deformability) &%\ i filterability &1L
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i, FMEOmMBPTORGLEERREND L L XhTV5, LitdiaT, Cd i X - Ok
MmEOEH S BVEE S N, CdABFMBAMTEFL ) ECHERINDEDLE
bbb, BREE 1, Img/kg UTFoCd&SICLY, 5o KhoRmMERLE EML, ~
=MV bESEAL, ZANBFGNEMINLZLERGELAEY, LT, BlidEs
SRVEBEDCd i, FOROMTEF»HORERFRETL L LV EMYT|ER TS
Ezbhin,

Cd & Hg 3, lE»bo KEHPIIERI T LM TV5Y, Lal, CdizL»T
BlE#E I JpfofmBROE e 2 Bz, K ORBHAERLIIE L v, biE, 0.5mM
CdCl.H 54 ~13.0.05 mM HgCl,Cit, FrfiBko bhEsEin, FREE({ (322), filterability o4
(F2) d@Zsohicdbrdbb?, KY, NatSBR LA SELLL O ih-tehbThSE (F
3)e Fix, BEERGGEBIND ATP I > THEI ROV ARNROTRE, FHEES, KRB
FIE L5 ATP SBOEVC L > TEBYTF A2 L4 LA 5D, 2.0mM CdCLAH B~k
0.1mM HgCL, T4, ATP &8, /254 v ERIEBBYZTur-1c (E1). LtrsT,
ATP A 237 v g 4 v SROFEMI, Cdic L a2RNEOEMCBEE L Tixv7eh -1,

Hg it - A R - T3, Hg 0RO/ S L e B b~o I Cdiz
HAUr 5pic iz o 1o, #i, 0.05—0.1mM HgChLic & - T3 &R - ShifrfERHE OB,
WREZE iz, 1L.0mM CACLik X b0 L BERE Th-1 (F2), ¥1, 0.1mM HgCliz X
% filterability ®# 443 0.5 mM CdCL, & 2 EESTh -1 (K2). ZhHDEENML, Cd, Hg
WX BARMERD E(CBE U O RE D &b —ifir, AmMEKO, k%6 {HRORE
HETHFA - LELOBEFRCLI L DLE 2R, IhETHTHLOLLT, p-72 7
B a ) —KEBM, N-xFi=u4iF, a— FEBEOF+ - AERCRED, AHmek
RS & R L, filterability # @b ROFEBEOEM L, MNP CORTFREOBRESYS|Z
Bot i oo, ki o7 1 F, we v TATEe VEO 2MFEGRER, B
vy BREREL, FMEROEHEXYET R, Mt coFari@imts o enaphTt g2,
Linl, Bll%5| &R 2 RED Cd, Hygi, B w2 HORBEISIZRI Ieh o1,
Fto, BAEA, FOER, BAVLHOKEY Cd OB, B vz BEEREROH
AERMMESZFRI AT ERRGELAY, ToX ) WHEFHORE LY, RNBROBEHESLD
BHEBEDOELC N5l EhE L b5, UEDER LD, Cd, Hgiol - TED LRk
OEcBE LU E D EER, T, Cd, Hg & ROBERS OMAFERC L - Tt X
hlvad0éEZBENRS,

E
FROERA? F A v BEORESY L TTF S - B HRE GHUEHRE, oWE) RUEXERE
FEESTFRAY L T TS - LEREFK GHUBHE, %) ool 2@l 7,
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Extent of Cadmium Accumulation and its Effect on Essential Metals*

SARFEN « FIHERS « LIEHT
T LIE#E - AREFEARE!

Kazuo T. SUZUKI"2, Masataka NISHIKAWAS?, Yasuko K. YAMADA™
Masataka MURAKAMI' and Kentaro KUBQOTA!

E 5
BROATHHCITRCHT 22 Vi v 20ERBRRL Tt ~ S BESBRE~D
EEYNLICT B HME LER YT o, MY 1 A -FRF v biITa Fiw
LEEE 1 kg Yich 3.0mg, B4E, 1, 2, 3, 4, 5 RU6EMETHRS L, T
WTEE K i v A L S EEORBERBEY BT LECAE LY, HFREFOH ¥ v A
L3 EEF CEENCHEML, RCTREASEERRENEE (440 ug Cd/g BERE) %
2B E S, B L, BRI EERE v ERES LE S Y I 9 LBED
i, AV LBENTI b TWARSTHORSE I ke hoTui,
BEOELAW O FRPOHREE IS F o anilrE L F LB LA, ToF
{bek s Ui b o Tk & FEEABER S -7, BREDOERELS Vv a0 FE L
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ELIEEA L, v A v AT AR A Y Y Ao EREIFBoOBE LR b F
Bhetn, Bhos ¥ v s, FEACH F 2 arnREBREeR s - X, BREFRC
HFTaEHES R,

ML ERTo» Vv o, BFRTERKEERLTLLRLEMUEGD 2, BRbho
HEh, A vy aRU= 25y AaBiBRolE s L bwlmL oy, SR
B Ltr, BEEROH vy 4, =75y a8 LEOBERED L, BHEBET—&Y
AT L, BEEERO BSOS K T ARBEAE 2 v FF A1 PIEAL
Tt BlEF O # 2 v F o 4 v BB TBLERSTh o0,

HE Y ADRRE ST BB YT TRAEYREM L,

Abstract

Cadmium was injected sc into female Wistar rats at a dose of 3.0 mg Cd/kg body
weight, 4 times a week for 1, 2, 3,4, 5, and 6 weeks. Cadmium and five essential metals
in the livers and kidneys were determined simultaneously by inductively coupled
plasma-atomic emission spectrometry. Concentration of cadmium in the livers in-
creased linearly up to 3 weeks, remained at an almost constant and highest value
(440 g Cd/g wet liver} for the following 2 weeks, and then decreased. The difference
between cadmium in the whole livers and cadmium bound to heat-stable proteins was
wider during the plateau than during the other periods. Cadmium in the kidneys was
close to a plateau after 6 weeks of injections. Concentrations of zinc in the lives and
copper in the kidneys changed dramatically with imjections of cadmium, and the
changes were related to the changes in concentrations of the two metals in plasma and
urine. Concentration of iron in the kidneys decreased with injections of cadmium.
The content ratio of calcium to magnesium was high in the case of liver edema and was
suggested to be an indicator. Cadmium in urine was assumed to originate from the
liver in the case of high accumulation of the metal.

Cadmium in the spleen and pancreas increased even after maximum concentration
was attained in the liver. Contents of zing, calcium, and magnesium in the spleen
increased with splenomegaly, while content of iron decreased. Concentrations of
calcium, magnesium, and iron decreased in the pancreas, while concentration of zinc
showed a transitory increase. Cadmium in the spleen and pancreas supernatants was
mostly bound to metallothionein, and metallothionein in the pancreas was highly
susceptible to oxidation reaction. The spleen and pancreas were histologically less
affected by cadmium loading compared to the liver and kindney, and the pancreas
showed only slight alterations after injections for 5 and 6 weeks.

1 Biwic

ERCERLL» ¥ 2o E0 L) fbFRHEY L > TV 20, T rOMFHHE F
) tEMLoBIcED L s RBEGESSELBELELET LI ERYERL LR -REL
T, AERYEHEL,

A F i anBEEY BRCERLTVLY Y I Y anB T, FOFMHHBELBEEMT
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I3 L TABRARIRTFTILL IR TELYY, FREPERD TS Y IV a0kT k<5 w
FAFRAVTESGLTOEY, EFR AL LEEMNC A 2 v F A A1 VC/ELTHEH TV

P ABRAESL, AP EET LIRS TFREOF VA BICEEL TV DD F v ARNH L
HIENHLACEIRTVEY, BHTFREs VA7 HIKESLTW2A8 F 1y o, “EEL”
AV ITALHEIR, BMoRETIIHVREELR TS, AfaFF i rELTH S
UARBE(CTLEIEC LT, TOHEMAYBH I EAEADBHERCHLEE LA
TWHZEME, #FIvanElEEmTEEY, o "EY AV IvATELETEE 2R
BB CLDTH D, .

AN Y L OBEFBIRINT 5 St S A ERBBOE(LE LT, “EE" 2V a0
DA b onD A B AE 2 o hF TR GIEB LY, Tnbls g vFd x4 v O
ERY @ BELDTHRILERY) OBINTHD, 44 B3 47 /CEE LTV ESBON,
A K37 ALAOKFEE (EFCLALEREE BOBITHDY,

FELTAFnFHA4 wHFPLELTERAIDL D F v a0TFERBORELLYBR
AT ENTFHEANRD, ARBEREVTE, #F 1Y AXMERCERTARBELH L TE L
bit, TORETED I LHFERBOBELLUAC S, FRBICRENLTLASBREORE LN
IERLAELMCTAZ S RENE L, BOMBBEHEY L -8, BRILARCRTS
HAEEASREL Y, HEOmEFEMC b0, FEENPCA Vi 72 2BE L, ¥
1y AU AR MATEROB X BB L 2o, FRLTEER, #, B ~71xvv el
Ay y 2L H ToLBETL, BEE LTE B REY o RE, SsLT
PTG TER LT,

2 A &

oy 4 25 —35 o+ (JCL, BA27 v7 | REABIAFNC 8 Bl HEkr F v 4% 3.0mg
Cd/kg ABET->, 1 BEIC4®E, 1,2,3,4,5 RU6 @M, HTHS L, HERCIEEFEK
0.1ml/7 » +) ¥EHEGLL, #F07 » F GO/ RKREE 3 A= —7 VHR
T kL1,

FRE @15 BCcHR Q5680 29880 0.1M b ) AEBREEHK (PH7.4, 0.25
M7 ra—2a) (FHMCEENATER) PTEY bevhel A ¥ A0 THRED =
4 XL, 170.000g TIRMBEL LA, LEYERMT 200CTHRFLAL, EHEH/LO m/
Fok b b, 0C10 FREBAES D LKL » THERRTE s v 7 HeEER LS €75,

MO+ o5 -, LFEBCCHAE EFFOSBRREL, SFEKR05m % 1.0ml/ OR
B CRIERRS  BWE-1:5) CTERARK(LLE BASHKETHILI

1.0mi ®~-%y ¥ [ Mg 2.0 mi OREBTENKA L, i 24 REE (RERSH
3HMD 4 B TERE) ©1.0ml 3 1.0m! 0B TR L, Mt 0WRpoeBEE

— 187 —




BEAME L

HFEXEEC T - THRIELT,

BWR LFPOEBOA ML SW 3000 » 7 4 (TSKgel, HEWETHE (B, 7.5X75mm®
TUh G AMNDTEX600mm B 7 A) KBVT, FARESEHRAREE L L@kl »
<2757 (HPLC—AAS ) i Lo THW LA, #5150 mM + ) A EREEH (25°C
TpH 8.0, 0.1%NaN.&f, HIEXAQMET 80°C THE) # 1 mi/min DRFETH L1,

EROBRE LGRS FABOFHLEEREL LCORL, Student @ t BERC L - THEEOH
BRI [(2p<0.05, (» «)p<0.01, (* « =)p<0.001),

3 R

3.1 BErRRER

WEREOBE TR 18616 05 264 11 g HIML 8%, # F 3 9 235 HOEERIN
TAWRLEL A Y i v adfET 2 oh TR LE, —F, #EEOHFBREDRIIHBREO
L7fSedbiml, BFHOBRIASBHI 2 LBEML T, FRBRBoES DB G
0.5~0.6 g DRICH b BRI NE L Z bl o hdl, AP iv ABREC L oliILT1.7g
¥ TiE-17 (H1B),

" H
.
- <220 A
f 3 :
- 1
) Ja06 0 ~ >
— — vy 8
o 1 l— 3 s
g3 > £ 2 3
o o 5
s E g5 5 ¢
= £ [ == | &
s F=R — S‘
h=R = e 2
2 T i
< . u o o hy
S5 B e 5 -
e 1150 % ~ © [+]
o a e
- [ =S =
g 2 S g z <
5 & T g §
z e £ g 3
= = 5
— = @ 2
- = T 5 >
: 3 3 o
4 »
l mo§ 8 a
=
b g ] -
3 ] &
g [=]
70 =

) 2 3 I 5 5 1 2 3 ] S
et tyans L1 weeks Injections In weeks

M 1 »Fivs0B5Ic) b EREEBREROE MY

Fig. 1 Changes in body and tissue weights with injections of cadmium!™'®
AV ADESTHoAE BEERR O EEROAECHTARER Y, HER
BT hESE ORI,

— 188 —



#F e AnERRELLASRRE~DOBE

3.2 FRbotR

RO L ¥y arBE (mg/g BER 88 (mg/FE) TrLL: (®2), BETRL
o K iy aoBEFARG, B#5 3HEET TEENCHMLLY, oo 2 @8ME T -k
tote SHRESHEBCIE, AV 1y 2 2BE LK TG bbb bTRENRKRL
Ltz GCRLAD Vi Y s, 5EMBEF CTEENCHEGL A%, BPLdldi, 4 RUTS
BHOSBROHMMIPTEROSMABMEBEL T2 (K1A, K2),

oA F 3o 20Tk biz, EEEMCETRRAED F i v s b BUcEgihs v
FEHICHEG LD VI v 2l lEE L, ZhLOQEFOD F v aBafEetcg i
BHF v AR LEEENU LT LR T LR, 2Rl e, 3~5 80T, FoE
HREL ot T,

# LY ARSI L IREPOLFHERBE~ORBE YRR 3R, BRI
FivaFSEconCHMLAA, H ¥ ivalBENTT P — 1Tl -8 L 0 Ligdic
(K3a), BEBOMMIEL LT Ax eF 4514 VICBELEBHCL 22 £8R G ITR LR
BHInpdrid, Lal, BHEESHEELRAILCV <A TR LC6EBICK TS, 74
PFFFA VICESGLTVAEHERINBHEI VA hCE -7 ("3, H4w-6w),

o
o
T

o
(%2}
T

L]
=

[}
N

o

ontent of Cd ( mg/liver )

toncentrotions of Cd ( ma/g wet liver )
=
w

L2 3 & 5 &
Injections In weeks
B 2 #VivAa0B5CH-scfRBbRor Vi v s0RELESEOEMRT
Fig. 2 Changes in concentrations and content of cadmium in the livers with injections
of cadmium'”
Y OEROBER P THre s =+ 4 X LA, 170,000g T60 ZMALLA, L
F70°C, 10 FRISRAIR L, 2,300 g T DMBLLE, 2L =2 b (=0,
LE (=), RUBRAELY () odoa Vi 2BEY 10EL, SEBOFE
B EREE LTRLI, # F 17 A2fi—e—CRLY,

— 189 —




oo &

Hﬁ*@ﬁ&?ﬁ$vﬁAﬁﬁﬁSﬁEifﬁﬁﬁtﬁtféotﬁ,%@&ﬁ&Ltoﬁﬁ
BEdh Vv a5 - THBELDEGEYE VRS TVI, AAY Y ARERS N YA
BhH L -THBCHEML,

130 te} - 130
b 4 x [ Fe v, jz
320 20 * [ e ,
I | i 100- - -100
I o0, S
l ./ J
- 'y %
ot A
g | o 0
e 1 2 3 4y 5
5 a0 o 3| AL
e i) S
T 200} -1200
f 8 CU /uo
I "5 I LE /
R ] — ,—-'_*-7¢~/||
= e — ——
100 L o b2ou N
a 190, 2 TR
S >z 100k :
v Sl 130 . L — . 100
5 C 1 2 3 4 5 &
E = tsa}- T 4150
5 i 10 Mg el ik
S joo- N\ Hioo i -
b \ * e —-‘/ \
. 4 - T
3 L \
- E e «
& \
100 f o-—0——0__ v oo
LLE]
sof B _ S B A R |-
1 2 300 5 G 1 2 3 L5

InJectlions In weeks

B3 2V ivsoBSeH-o-tHEPOSBREOUATEORELGROE
fb:Ca)digh, (bO#, (c)#% (d)rrvva, (e)~ravyal

Fig. 3 Changes in concentrations and contents of the five essential metals in the livers
with injections of cadmium : (a)Zn, (b3Cu, (c)Fe, (d)Ca and (e)Mg'”
HEbO S SHROLEOBE O 88 (-0 ¥ 5AHoTEHLIBREE CH
BL, SMBRCHTESETTRLI,

— 190 —




AV LOBHRS LM EERRE~0RE

I[I 20.2

Retention time ( min )

M 4 #F v Aot R EEPoBEH O GHOEL

Fig. 4 Changes in the distribution profiles of zinc in liver supernatant with injections
of cadmium'™
i EwtoRBoS ey HPLC-AASE T LA, 1(21.24) & 11{20.25) 1
AFRFAF AL ENERT, 11.23L 170807307 LOSBRER L~ —
AR FFAALF - TN T D,

3.3 BERYoRE :
BRA~DH V29 a0EBRRIFES RT3 b0TH-1o, FEHOH V2w b
A, 6 BBRETEA N 0 AlERYS F—OREBTH-1, —F, BB OH Vi
ABRELBICEERSEFON V¥ I v ABEDOE Y, »FIvanRELEEBIIRES Lo,
BRO s BROLHASRBEORE L XR 6 RLA, BHMRERN Vv 205 &L HICH
mifens, ToBmoEERFREHOBES L v bk (E6a),

— 191 —




SRk

=)
¥
~~
~
—\
L
w

=
r
T

e
T
i
[=]
(%]
Content of Cd { mo/kidney ) s———*

Concentrations of Cd (_mg/g wet kidney

x A ! " " )

H 2 3 Yy 5 6
Injections In weeks

K 5 #FivanBS5c-rBREEOA NI v L0BELSEOT{L™

Fig. 5 Changes in concentrations and content of cadmium in the kidneys with injec-
tions of cadmium'”
Rz2oMErRLrFRENT A2 0B R IRABCEB A 0B LY, tE25—t
O, B D) SBAB g (—O-) won F iy AEEA10EL, 58
DR EW|REL L TR LA, SR—O—TRL1A

FRAOMBEEIEES 2EBE T CHEMLIY, ZTORERNBRLIAEL V<A E THL LI
(ﬂswoﬁuiﬁkﬂwmﬂm:nﬁfm%ﬁgL,fﬁu%ﬁ$4ymﬁgtfp5m§@g
L LTHBLLY, 6 REOHFHEEIHBERI NV OETCE AT f, BEbOTn |
vatgbE bbb L, 6 HEECECTIHERD 0%OREICE TF->T0A (E6b), #
Ay nb = F ey AORERBSTIC ML A, FOEMERL hE- VAT T
L7 (R64d e,

—192 —




HY I LADERBRRALLACRBE~OBE

L

1aq

%t A 12 100
150 7

=
P

300

200

160

Metal concentrations {o—=<) gnd contents (e— —e)
in kidney { ¥ of controls )

q00 & 1
1 ok« -llon
- 1S -he * B

40 40 80 . . A . 180

B 6 »Vivansef-BRESoOSEHAOTHEOBE L aROEL:
(a)®igh, (), (c) gk (d)Hnvva, (e)=rxvvald

Fig. 6 Changes in mean concentrations and contents of the five elements in the
kidneys with injections of cadmium : (a)Zn, (b)Cu, (c)Fe, (d)Ca and (e)Mg'"
JEARCRE (—O) LEE (—e—) HBBENTAESELLTRLE,

3.4 BRt0ER

MR s F iy A RE, HF v s kEETLLESCHEINL A, B 6 B A DR
BEldofe (A7), ZOELWIEMTBEEROEINAILEY (R1B), AEOHAIHEE -1
Bl (1A F—®T2LE41, FEROH Vv 28R ML LU E KLt
(®2),

BRPOVASBREOF Y I LN LDARETH D, BHEEIMBHELEER -~
ATH ottt ERABINUC, SEXEELEER L (R8a), BULALE YR L
NILHREL TS v (HE) Larves (H8e) #d 5, —F -hbnFELE

— 193 —




HARIR 5

w
=]

o

=}

!

——

pancreqgs |

50

W
(=]
T
1

Content of Cd in soieen { pa/spleen ) (

spleen (—o— )

concentrations of Cd tn soleen and cancreas { pg/g tissue )

1 1 1 A 1
02 3 4 s
Injections in weeks

o

R 7 ¥ ivanfEclo tER (O-) LER (05 908K v AD
e

Fig. 7 Increases of cadmium in spleen (—0—) and pancreas (-2 with injections
of cadmium™®
BESROH ¥ AR -6 TRLIS

BEEIRdICABND X A L E b B kD5 — v ERLE, ZhiERL BHDOR
RchOEBRE A, L L LRI (250 525 1100 pg/g WERCE T 6 BMoMEmLL) L
TLBRIC ST 5 2 L DBIEL Ty 5L Bbh s, WREGEC, GERFLUTTH -7
BN A ¥ 2y ADFHBICOWTOREI T, H F v 0B > TR
HED L 5T 20T S BT, BB EHY HPLC AorA 5% 5 4THH SW 3000
55 AEML, 7 F Y ADSHMEB~ARRERITT, A ¥ 3y ARKEH 4 4 =94
FAVRESGLTWAI EBBLMTR T,

— 194 —




NIy AOERRALLASBRE ~ OB

1 (e} sus b 4
300 -1300

)
E=]
o 200 | H200 —~
ey

o <
N
O (-]
Sa
ga ! o
oo 100 o0 S
_.""‘ L " L L o
=) [ ? 3 4 5 6 =
SE u
gs H (d) b X -
o= N0 —
o8

o]
*o Fe
oce -
Lo 100} -1100
2 S
5 Z
32 200 ©
-

58 £

= &
5 =
o 2 i}
oc e
= O

100
| 2 3 4 5 [} ! 2 3 Yy 5 &

Injections 1n weeks

8 »Fivan@icft-BEhoeBORE —O-) a8 (&)
OB (a)Wgh, W) =zrAr2vra, (crdrrya, (d)HEY

Fig. 8 Changes in the ratios, for exposed versus contrel of concentrations (—0O—)
and contents (——) of metals in spleen with injections of cadmium : (a)Zn,
(b)Mg, (c)Ca and (d)Fe'™
T A REHBERVEROSEHERCH T O RBE LTRLA,

[ 21.2
il 2c.2

jﬂ.'l pa/ml

6 v e
E R

i e —

FTw -
. N
T e T

Retention time { min l

B 9 »V:vankbrfonBELEROD Vv s05m0aEl'?
Fig. 9 Changes in the distribution profiles of cadmium in the spleen supernatants with
injections of cadmium'®

— 195 —




BATRS

3.0 BRHPoO&R ‘

FFECEEE Rien, @EEYSE2Z EQARTHETH L0, BETOSBIRE TOA
MLtz Vi aBEARTCALNRD L@, HFEFCHALT6BE  CEEANCHEML
7o Ff, XQLEDOA VNIV AOFEREYEBEEAL L5 SW 2 7 A CRl~NCER, B
FIEETAI P i g aldFLLTAZ e F bR VEEELTWAZ Edibdoi, LvL,
R10ThBerirli, s8nFa3x A vHADOE -7 $BEI N, ThonEe -7 DR
EoWTHAZ e F 24 VG TREBLERS L s TER LAY -2 ThHo o L2k
BN L,

BRSO LASBEBEOE L DLTELDLERYM IR, #F iy ok 1 BRI
EHFE MBI L 0B oo Cue Ay, 20K 3ERETEMLA, LaL, 4 BEDRIRC
B LU, 585 6 BACIINBEI VARCE o Tz, BEFOEEON, # VIV
ABE I DB VEBILSVRBEL b 0RBEHOATH -,

te1.2

w 22.
aw N T

Retentlon time { min )
B 10 #VivriDn@s5opo B EEHON Vv angmoE®

Fig. 10 Changes in the distribution profiles of cadmium in pancreas supernatants
with injections of cadmium'®

— 196 —



#F 7 AOEERF L LALERE~ORS

173
o
o
LSy :
OD
[rag =] .
< 1501 4150
ws <
8 &
L — -
oL —
L
—
es <
HU —
g (o]
4511 =
2g 100 100 ~
o
b= o
o [ —
g . . 3
és Ll .
‘_E -e —_—
o0
8U n ) 1 L |5 N <
23 12 34 6 <
L d
= Injections in weeks ™~
o

B 11 #Fivaesnficf-tEEPOSBBEOTL W Q) sy
vA (), =% vy a(a) #(0)®

Fig. 11 Changes in the exposed/control ratios for concentrations of metals in pancre-
as with injections of cadmium : Zn(O), Ca((1}, Mg(2) and Fe(@)®
FEROBESY SHHOFHTBEREL LCEHL, $FBERECHTAESETT
L7z

3.6 mMEPOER

MDAV 37 aOPE-C, LME & MW T~ (K12), mithogs
G2 MEPORED /I0BETH D, MEEDS F Y adKESAMBRPICEETS - b
LTw%, 2MBPOA2 V3w o, HEEES EINT5cohT, 3R CEETHMNLE
PMEhO# ¥y AREQ S BELURTRACENL, 20t ATt E R - T,
M#EHDEE LFORE DT, LMK L MGG TR~ (F13), BERCE~T,
FEEI2OBEPTLMBFPTLRU- % — v CRIBCTEL, Vo aDBEA R Iy vw—
A—bEloTwH I ENHEI R,

— 197 —



mARRE

=]
(=]
0.2r~ .08
o a0
5 ©
= ]
o - ' ~
e —
£ e —
E Z E
S 5 o &
o 3 2 g
“— -
5 0.} 1.0 ~
c -
S8 T ——».-I--__h_/ E I
- —
o I ped
2l g
g £
g g
S 8

(=]
L]

1 2 3 q 5 6
Injections Ln weeks

R 12 dr:vanBboffofoemil (O-) &MmiE (o) honFiw
L BREOELT

Fig. 12 Changes in concentrations of cadmium in whole blood (—Q—)’ and plasma
(—@—) with injections of cadmium

— ¥
n
)

-——a

a

L
LN
o

In whole blood ( % of controls )
Concentrations of Zn (4—-S3) and Cu ¢

Concentrations of Zn (a—a) and Cu (0—a)
in plasma { X of controfs )

2 3 4 5 ¢
Injections in weeks

B 13 2FVivesohoff-tcemBErhomf (—A—) @ (O, RU
MR OEE (—a—) @ (—o-) BEORELT

Fig. 13 Changes in concentrations of zinc (—=—) and copper (—0—) in whole
blood with injections of cadmium, and of zine (—&—) and copper (—®-) in

plasma'”
WL FREILENBRCRTAEFETTRL,

— 198 —



AV 2oERRRLLEHSBERE ~ OB

3.7 RPo&RE

BB 22NV IV ABRN U ERTII@CH Py a0E L Ll ion 8
wh AL DB B OBINIE LT, RR~oEHEFHoBe- R 1 BBCE Tk
WREI VRV LY, ToBFFIvaoBbslibe@inli (B15), LrL4BEI
73— ELTED, #FIvanEE0 28— v B T,

400} e s 00
4 7
g0t 11801 @ / ]
T
=1 / ’
c i
1500 150 -
T ) 3 o . -[300
g 4 ! !
= =
r% I ] : = st 1
S 106G} <100 £
ES ° & 200 N oo
- F 4 - =
@ I S [ 1
: u LX)
£ ! s
5 ~ e
= ‘ S -
50 50 b=
3 | o 0o —j100
] = l
|8
or \ 10 L ) . .
T s A A S
Inlectlons 1n weeks Injectlans tn weeks

Bl 14 #F:vLas0Bs5cft B H 15 AFivanBEirf1cReP

DHF Y AROE(LT DEH (O L ()
Fig. 14 Changes in amounts of urinary SROEALT

cadmium with injections of cad- Fig. 15 Changes in amounts of urinary

mium*? zine (—=0—) and copper (—&—)

Bt fBils i HEEE5E3 AN
4R T 24 BRE IR L o,

with injectiens of cadmium'”

4 £ B

RERCH G H F I 7 A0REHFHEC LIS F i o anEFHRR I, FRTIE 40 ug/g BE
BTHoto, THALS 67 mg CA/F BN LT, BHEEW Nomivama (1980 )" nd8REL T %
IO REYREH LT AT I > TEAI RS, SEAVEERFERERNERTCH-
fted, B D LIFROF AR HRS AL, |

AHBROLH Vi v aRLBEEL2 VA7 BRESGLTVWLR Y I T AREDER, » ¥

— 199 —




BAFED

Py A0REEBOBIME b KEL o7, 6 BATIINTINX ot RIEETLS v
AZBR A A v TEELED P IV LA—EEA2 V0 BThiI 0 SEO
BRI, Vi v 20BSEROEME & SQICBRETEELRS YA HCEG LD F Y
A BERFEET DA Ky AT AL EARL TS, 6 BRI ZOENEL LH
iz, 2 veFFri4vhD Cd/ZnlkiEBmLi-2 s, BRUH Py a0 FEREBORE{LIED
BOE CHRFE, BRIIBELATRVE, COFRRIA Fivadk I EEFHLCHERNE
HEF Y AAEIRM e TV AL R LTV AARESRR LT b, ¥ h 5 —2D TR
ELT, FEOEEHEE *nUACHBOMTH ¥ i v 20BN - BRI E - AH 5 2
FLEZ LR B,

%5 A BRLRBCIIERO S 13 7 AnRRMIN LI Z & b, RepDA ¥ v antmimL
fol L OBICIIEEBIELSD o1, LaL, BP0 F Y LM ERRN AR Y & - T
0, KWL CMEFOD F i v 22 BETEERREIRr oo Z ERR LTV 5, M
iz Lt ¥ sl HEBCLIAHEEORGOLAL LIS FI vl »THER
REFRCERT 5 S HESRED, 0 ¥ v AR EERPCHR S IR L E X LR,
IORER, Py AR SRCERLATBROAEEY S L EREShER YL ST 20,
AE Ly ADERBESD VG TROBRB O £ 2 ar 2 VEEH LI EoRWE L
BltoTvk, OBV Y I Y AR2BRELERLABRB T Y sva (sxeFdid
V) OEFRREN TV T L THBTES, COFRIHY 1 v a0E[RBRE LB
i, Bhoa v ivadE L LtHBECaETL 2 A R/L TV 5,

LVHEEBONTE, BN 2 e FH 34 ML TH Y 0L LBBRCHEL TV, TR
EEEROERBEOTIARG A e Tt d VICEEL TV A0 E LTHATETH -
to, MREBROEBEDTL, HCBEAOEC ST AR TS -1, 1 BHKE
WTEBPOEL SEESHBEL VK s £, FRCIAHEHECERC L8O DA
LAOWMTHATES, TOROEEEOHL-EOHEMINE,ALOHEH LBEY, LOMOH
BOMEEIh L HEEIRD, # Y Y4, THRRUEHOPER D22 —vi3Suzuki& Yoshikawa
DOW|EF & LU T,

B S o H VY AOBERBCHECERE D AR -, HEEFHEFON P 1Y
ABENEAEYTI P LB LD, BB LERB YOS P v A BE R
FEENBEML Y AIEAMTEIABLELE, 18542 I VORRB LML HRMASD
ZEpmRE i,

B & RO H F v AFERBEET ARSI, SEOERESR I HARS O
Fiv2nERABELbE, TOFERBLOVTLHELAC LI LD TORETHS,
RO 2 5 e F AR A YHBFEFEBLE AP TVC O S RERL, TORORC-HCERS WY
B & dRLTS,

— 200 —




AV I LDOERBRLNELBBE~ OB

B PREEVIRTHE S HR, BB CELIBA LS, toBRCOVTRSER b L
Brote, $RHN YT AL 3T AOREOTIOVTY, HEVILEBLAOLTHY,
TOBAIThIeh 1,

AEBRCTEBLRAEEL T T LA SR TV AKEEYH T, AT RIRX
hier Vv a0 REBEYEINCTTE, NI60L 5 CFLdb I 0 TE S, FMlizow
THFEH TSR i,

i} In the case of low accumulation

Cd-Tow molecular weight complexes

P
1
plasma.lliver Cd,Zn-Th.] a | Cd,Cu-Th . Jkidney Cd,Cu,{Zn}-Th Jurine

sites of
absorption Cd,Zn-Th S Cd,Cu,Zn-Th Cu-Th
m Cd,Cu-Th
a
Cd-plasma
preteins

ii) In the case of high accumulation

Cd-Tow molecular weight complexes

L

kidney Cd,Zn-Th urine
Cd,Zn-Th £d,Cu-Th
—_— €d,Cu.{Zn)-Th

Cd,Cu,{(Zn)-Th J
bile excretion )lffeces

E 16 WRENi-H Vo ooESROERR™
Fig. 16 Schematic presentation of the metabolic pathways of absorbed cadmium in
rats'®

sites of
absorption

Cd-plasma JTiver
proteins | Cd,In-Th

nroteing

5 A X B

1) Sato, M. and Y. Nagait (1980) : Mode of existence of cadmium in rat liver and kidney after
prolonged subcutaneous administration. Toxicol. Appl. Pharmacol., 54, 50-94.

23 Suzuki, K. T., M. Yamamura, Y. K. Yamada and F. Shimizu (1980) : Decreased copper content
in rat kidney metallothionein and its relation to acute cadmium nephropathy. Toxicol. Lett,, T,
137-142.

3) Suzuki, K. T., M. Yamamura, Y. K. Yamada and F. Shimizu (1981) : Distribution of cadmium
in heavily cadmium-accumuiated rat liver cytosols : Metallothionein and related cadmium
-bhinding proteins. Toxicol. Lett., 8, 105-114,

— 201 —



o N Y

4

5)

6)

7)

8)

9)
10)
1D
123
13
14)
15)
16

17)

18)

Suzuki, Y. (1980) : Cadmium metabolism and toxicity in rats after long-term subcutaneous
administration. J. Toxicol. Environ. Health, 6, 460-482.

Nomiyama, K. and H. Nomivama (1982) : Tissue metallothioneins in rabbits chronically exposed
to cadmium, with special reference to the critical concentration of cadmium in the renal cortex.
In : Biological Roles of Metallothionein, E. C. Foulkes {ed.), Elsevier North-Holiand New York,
47-67.

Suzuki, K. T. (1980) : Direct connection of high speed liquid chromatograph {(equipped with gel
permeation column) to atomic absorption spectrophotometer for metalloprotein analysis:
Metallothionein. Anal Biochem., 102, 31-34.

Suzuki, K. T., T. Motomura, Y. Tsuchiva and M. Yamamura (1980) : Separation of metallothion-
eins in rat liver, kidney and spleen using SW and Sephadex columns. Anal. Biochem., 107, 75-85.
Nomivama, K. (1980) : Steps to approach the critical concentration of cadmium in human renal
cortex. Edited Proceedings of the Second International Cadmium Conference, Cannes, London :
Metal Bulletin. 172-175.

Cain, K. and D. N. Skilleter {1980) : Selective uptake of cadmium by parenchymal cells of [iver.
Biochem. J., 188, 235-288.

Sciortino, C. V., M. L. Failla and D. B. Bullis (1982) : lIdentification of metallothionein in
parenchymal and non-parenchymal liver cells of the adult rat. Biochem. J., 204, 509-514.
Tanaka, K., H. Nomura, S, Onosaka and K. Min (1981) : Release of hepatic cadmium by carbon
tetrachloride treatment. Toxicol. Appl. Pharmacol., 59, 535-539.

Tanaka, K., K. Sueda, 3. Onosaka, and K. Okahara (1975) :Fate of '*Cd-labeled metallothionein
in rats, Toxicol. Appl. Pharmacol., 33, 258-266.

Cherian, M. G. and Z. A. Shaikh (1975) : Metabolism of intravenously injected cadmium-binding
protein. Biochem. Biophys. Res. Commun., 65, 863-869.

Suzuki, K. T., S. Takenaka and K. Kubota (2979) : Fate and comparative toxicity of metal-
lothionein with differing Cd/Zn ratios in rat kidney, Arch. Environ. Contam. Toxicol., 8, §5-95.
Suzuki, Y. and H. Yoshikawa (1981) : Cadmium, copper, and zinc excretion and their binding to
metallothionein in urine of cadmium-exposed rats. J. Toxicol. Environ. Health, 8, 479-487.
Suzuki K. T. (1984) : Studies of cadmium uptake and metabolism in the kidney. Environ. Health
Perspect., 54, 21-30

Suzuki, K. T., K. Yaguchi, R. Ohnuki, M. Nishikawa and Y. K. Yamada (1983) : Extent of
cadmium accumulation and its effect on essential metals in liver, kidney and bady fluids. J.
Toxtcol. Environ. Health, 11, 713-726,

Suzuki K. T., R. Ohnuki, K. Yaguchi and Y. K. Yamada (1983) : Accumulation and chemical
forms of cadmium and its effect on essential metals in rat spleen and pancreas. J. Toxicol.
Environ. Health, 11, 727-738,

—202—



B AHHRATIRNESE M4 5 (R-84-'85)
Res. Rep. Natl. Inst. Environ. Stud., Jpn., No.84, 1985.

[I-18 BRIZBIAHFITLOWMNAANTZ2L-RT1OMR

The Effect of L-Cysteine on the Renal Uptake of Cadmium

kLIRS

Masataka MURAKAMI!

E:3

Cd (10 gmols/kg 46HE) #f Fiz, L-cysteine ZREREAICRIFHES TS E, L-cysteine
DEERE (0.2, 1.0, 5.0 mmols/kg B> O T, EHEMNIHO Cd DEA
DBEAMEESh, &K -THETO Cd ot A4E1 8L, —7F, %S-L-cysteine %
Cd F A s+ 5 & (3 umols, Cd, 1.5 mmols, cysteine/kg 4E), #EEHE L b MK
UBREFO®S RRAECREARL, ToOREBIES 2 BE#Ck LD BH, T0HE,
W & A LT, S50 7 N oS BE MR O 5 OB HLERY
83, 10 BRI ST M rho®S BE RS Ui, Z0&ETooRSrERCRITS
FBUOEOESOA — 7904 777 4 —OERY, BHE Douter stripe® B R
B pfichT L - FABELA, Zhit'®Cd & L-cysteine #ER#ES L7 (10 gmols Cd,
5.0 mmols cysteine/kg BE) $EHYDCd DA -+ F AT 74 —DEREFA—TH-
to Shic, KBLHVToDEETTREENACd 4, L-cysteine 282 4ER LT,
ToOSHEOBRES E LT, EERYBET S THRECOWTEEL I,

Abstract

In Wistar female rats, simultanecus administration of L-cysteine (0.2, 1.0 and 5.0
mmols/kg, i.p.} caused a dose-dependent decrease in the retention of Cd (10 pmols/kg)
at the s.c. injection site and increase in the renal uptake of Cd. Renal concentration
of *S was maximal at 0.5 and 1 hour after administration with Cd (3 gmols/kg) and
#5-L-cysteine (1.5 mmols/kg), after then decreased gradually in proportion to the
blood *S concentration. Autoradiographic studies with 3*S-L-cysteine revealed
that **S accumulated by the kidney under these conditions, was concentrated in
proximal tubules in the outer stripe of the outer medulla. These findings are consist-
ent with the renal '**Cd distribution, administered with 10 gmols '**Cd, 5.0 mmols L
-cysteine/kg, reported earier (Murakami, 1981)!*. Paossible mechanism of the effect
of L-cysteine on the renal transport and uptake of Cd are discussed.

1. BarAmPreerr BE4SE T 305 RERREES B/ 16 % 2
Basic Medical Sciences Division, the National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.

— 203 —
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1 @dLwic

EHR, CdicBBihi-84, Cdilmetallothionein D¥RES & LTRBCSHECER SR,
CPHTBEENRET LY, LoLAALEENRDSOhLZ0IBREORERTH Y, TOEE
RECTHOBBEIC BT BB »HLAC T LB LT,

LT AE, CdOHYAZ & - THECE RCFEER S niz metallothionein ¥ EHE, #5
LicBtpic ko C, Cd & LCMEMER TH LIS hhdb bFEWRIEREORE,#D b2,
TOFREDORI D HIBED Cd PHEF - THEX L BHEY, TbbBHERCE T
RENVFRETLEE, TOWREORNDE, Iy ~rTofkicd, BHTHEBT LA
MEBLEGS BRSLER L LRI, Ehic, 0 metallothionein i X 5 AKEREDI T 5
B, TomE STRE, cortex DHPESIKME S, & S,o L MAES endocytotic system™
ZrotTREcIinAth, BI2BV-T5 A4 v V- aBECI - THEYSEG, H50-0FEBA
TOLAERB AV DREOFLVEH 5 T, metallothionein 725 Cd 1 A w2 \FRET 5 2 &
WEHEDEEEIRTVLY,

—FH, CA&%KBEOFv—F 4 v 78, H4i¥ L-cysteine, 2,3 dimercaptopropanol, penicil-
lamine® ¥ & & MEHCEMDICE 5T 5 &, metallothionein #5088 LRk, CdOFR T
MOrHBrELQRCEES L, 512 CHBREVNRIET 2, kT, Cdic k2%
DM T A BEEOEBELIE ST EFAELT, Fv—F 4 w2 iHEE Cd & ORI
B I sEBAEHTHDL EELBRT, Cd £ LT 10 umols/kg, b w. & CACLAEE (sc.)
& 5mmols/kg, b.w. @ L-cysteine ZEHE (lp) 7 » + LRSS Lick o 5, 54 2 B
LT, BREGO Cd @R 21 pg/g L AEE, LabRESRECGELLY, Lk CdieBHE
outer medulla &5 HEI M RMAE S L TR bATH, 2 HEBCIETHEESEHESRCL Y
MREOEEEN RS, 4 BHBRCIERCEL LG B RALE LRI,

F Tz @ outer stripe i2H 5 Sl BEE Cd AR VIAT M ABEYH LT 510, T
DORBERTT -1,

2 K7 &

£E] CAdEFERDHICIT 5 L-cysteine DHHR

Wistar %7 » 1, 988 (2002), Cd (¥ 10 gumols/kg, b.w., CdCl,+ 2% H.O KB (1.0
mi/kg.bw.) ¥ EEBEABTOR TCEHL, TOEECHESENNCHE X hic L-cysteine
(0.2, 1.0, 5.0, 10.0 mmols/kg,bw.} KE®K (10.0mi/kg,bw.) HEEMCES L, 7k,
Cd HEHBE I T EREE 0.5 £Ci/umol ©'°Cd 232 b T %, 24 BB HEES LD T »
DEEE WEHOERECHESEE A, ORHEY LKB wallac @ 1282 Compu Gamma
“@sE L, Thompson O JFEk'-CHE, BHEPEXFLL, 0 CdE&2EFREECL > TRHE
L7,
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=822 *S-L-cysteine HDEERDH

(1) Wistar %7 » b, 488 (100g), Cd i1y 24 BBV T HEHREXR DA
o 3 ymols/kg, bw., CdCl, » 2 H,O KH® (1.0mi/kg, bw.) BV L-cysteine O 1.5
mmols/kg, b.w. *E& | L AHFCHES U, H5EED H 48 BERICE 5°5-L-cysteine D ALK
PO %EE) & 3w K B, L-cysteine B #1335 L-cysteine  (JbHc8tEE 0.033 pCi/umol)
Mz bhis,

() B30 5, R0 BREO L-cysteine DFBASHEA - 70+ 75374 —id T
5 foaic, L-cysteine BIC3S-L-cysteine (HBBEE 2.1 uCi/umol) 23hnzx Hhiz,

FrEDRHOREE, By 7L TREL, 1) TR, B OR O, &
BLT, CARUSS # K& 1 L RO FETHEL L, @) OF — 25242777 1 —BOEMK
i, BEEW (2.5% glutaraldehyde, 4% paraformaldehyde, 0.5% tannic acid, .1 M phos-
phate buffer pH 7.0) #FHWT, IEEETL, ®i kD, ethanol BiK, propylene oxide T
B&L, Epon812 CHELTES | yum DFIHFZIERL, 41794777+ —BFH SAKURA
NR-M,#%mL T, 68HE, #£FEL, konidol X THREL =,

I B

FE 1

CdCl, (10 gmols/kg, b.w.) » BE#EE L€ 24 B4, BHEO CAREI2.550.54g/g T
Botie ZhCHLT, cysteine (0.2, 1.0, 5.0, 10.0 mmols/kg, bw.) T hEIEFFRFE L
e OB CdEBE2, 3.3, 5.1, 18.0, 17.6 ug/g SHINL foy T 1 KAT X 9 i ESHRAL
Rt D Cd oBE# ), L-cysteine 10.0 mmols/ke, bow. OB&E &, L-cysteine 9‘)%{‘5_
BEOBMIMCEE - T Lis, —h, FEeEco Cd oty 2+ offRsih bt =
DB ETRAEIR LTV 7oA, $F 5 < L-cysteine D& EE v~ vic T, B
I ERACBTLECd B BRBCBT L CdEXELIV BB E T Cd ik
AT, REGZESG, Cd DR O L-cysteine I & - T{RES RO EHEEIRL,
4 - & &, L-cysteine % 10 mmols/kg, bw. #5 LG, CAOEHILL Y OBTIALLE
fhrFbito, Linl, BITLRFERCEE D Cd 42 5 mmols/kg, b.w., L-cysteine #5D
BEE, FhREEbbihot, B#EINL AP L M ERRBTLR T (eb L o800 Db
i1, Cd, 10 gmols/kg, b.w. &% LT L-cysteine, 5 mmols/kg, b.w. 24k FEHBEHLFE XS
i,
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FEEF

# 1 Cdé& L-cysteine #RIFFCHE Lic L & (10umols, Cd/kg 5EFE & 0.2,
1.0, 5.0, 10.0 mmols, L-cysteine/kg %) O EHITA, B TR
iz FEET A2 Cd B0 ‘

Table 1 Effect of the simultaneous administration of L-cysteine on the distribution
of Cd at 24 h after the s.c. injection of 10 gmols, Cd (5Ci'**Cd)/kg. b.w. to

Wistar rats
L-cysteine dose (mmols/kg, i. p)®
0.0 0.2 1.0 5.0 10.0
Organ/Tissue Cd content (% dose)
Injection site® 504+166 344+116 362+116 182+74 42438
Kidneys 19+ 05 25+ 04 39+ 09 137+18  134%15
Liver 561+ 9.7 524% 58 517+ 32 455+34 416+ 4.4

a) Cd i, FAEFARSETRS
TRTCORGEFOBYE LM

b) SEESHOEER, FEAMES R THYELL Lcysteine DRGASFMCEBLLE Cd &AL
CBTLEY, FhCd 28 YRELLLV-A5,

®E?2

£y EEMY 35,0 T, 10 wmols Cd/kg, b.w. & 5 mmols/kg, b.w. @ L-cysteine % REE#H 5L
fobE R, BUARME LR AROEIESNE U, £2C, WA S/ -HEDOumols/kg, b.w.
w, Cdig5B""%E 4 LT, 1.5mmols/kg, bw. ®L-cysteine® RIBs &5 L7 5H D*S-L-
cysteine DEERPIS RO KEEB Y BE L BE,NE 2R ST 5, MK D*S-L-cyst-
cine (I S EENRET, TOREES 4 BME TR, DI 7 R 1/2, 10 KRB 1/4 &
BBCELD L, —7, TR, BROBEOHMSBEMQME L BED VLA RAD D00, &
BTN L - RRTEBEL TR DD b, Linh, TH, BFRECEREILOR
BE LI b A EED et tre S AUCHE L TBRAD M B M & MREORE v~ A Tl
BL, 8 RHBCIE BRLIOVSAETETLA,

—%, Cd 57l i*8-L-cysteine ¥ BBEEF L HEi T, ASHSOBEG O LS
FOSS BEOCKREHEMEAEALRALTEY, o4& Ty Tt Cd 25 L-cysteine DEER
Ve L NoYY- 7k N B A A S N AN 2y A

Cd OB ToR b AZiL, 10 gmols/kg, b.w. © Cd #5 OB E L [ 3 pmols/kg, b.w D
CAdHEEDBEL, L-cysteine DHFEC L > TEEZNH I LAFEIC LS TRERTL S,

B CHEko R LSRR, K1TFRER5 3 umols Cd/kg, bw. &£ 1.5 mmols L—cysteine/kg,
bow. % FEFES- LT 30 5 H#0¥S-L-cysteine & L 2BEEARBOA -+ 74777 4 —Thb,
fokefr G 1 BRI S FBEDBS DA 4 - v RR LA, Sk - TE UGS FOEAR
kbt A, BEIE, inner medulla, % LT, outer medulla ¢ inner stripe iC 23 % &R
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5, RO EELA G arciform arteries # &8 FH, cortex DG L A LT B BRIV, L
L, arciform arteries #&1r cortex ¥#13 X 5L C, medullary ray ¥ &¥r outer medulla
@ outer stripe {05 5 EE MRS S35 1 L 2 BGEN FOEG L THEETL LAERER
o

¥ 2 ¥G-L-cysteine (1.5 mmols/kg BE) §fhH 5vi2 Cd GSumols/kg &
) YRS Lo L Eo, BE, FRE ORECME S 85 o ER
HZEAL,

Table 2 Renal, hepatic, cardiac and blood concentrations of **5 at different times
after the injection of 3*S labelled L-cysteine (1.5mmols/kg, b.w.) alone and
together with Cd (3umols/kg, b. w.) in Wistar rats®

Kidney Liver Heart Blood
Cys alone Cys+Cd ;Cys alone Cys+Cd |Cys alone Cys+Cd |Cys alone Cys+Cd
Time Ch) a) :
05 1{().0i42).2 9.0£0.7 | 124x29 84422 | 1.7x03 22£02* | 2I1x14 16%05
n:
1 125408 12023 ) 89+£17 98x14 24108 4€i1§‘ 23+11 14402
n=4
2 8211 81k£13 104+£1.9 10.8+3.7 | 19+04 22x05 21+06 13+08
(n=4) (n=4) (n=43 (n=4)
4 61+06 56£0.8 8.7+1.2 31+1.7 21103 2.0+04 2003 1.7£1.1
5.5 47+04 5707 | 73x£11  72+17 | 1.7+02 19408 10+03 14x06
7 45+05 4.7+05 52+15 64+14 %710? 1.8+04 [.1+01 1.1x05
n—4
10 42411 4.0x03 47+16 56+0.7 1.7403 1.8x04 05+02 12+03
{n=4) (n=4) {(n=4) (n=4)
24 34403 28x£02*| 25402 22+04 19+02 1.6x01 0.3+01 0.7+£0.2*
48 18+£02 2001 16+0.2 1.9+04 14403 15+03 0.3+0.1 06402

a) X1 Ci/g BER
TANTORERBOBYIIIS®
b) FESCHETLEREHROPEMI oL T, AROFHERE t-BE) 2T, *P<0.05
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#F 3 Cd#¥i (3 umols/kg FH) H 5\ i1 L-cysteine (1.5 mmols/kg (£
ARFEE G- U & & 0D Cd BEOCRRNEL

Table 3 Renal concentration of Cd at different times after the injection of Cd
(3umols/kg, b.w.) alone and together with L-cysteine (1.5 mmols/kg,
bow.)

Cd+Cys  Cd alone

Time Ch) a)
0.5 1.384+0.30 0.15%0.02"
1 1.47x0.15
2 2,440,432
4 - 2.91+0.69 0.29+0.06"

{n=4)
5.5 2.7640.04

7 2.60%£0.59 0.38+0.02*
24 1.92+0.25 0.5110.07*
48 0.97%0.12 0.50x0.10"

a) Cd pg/gBBHE
TRTOHRBROBHR L5 T
b) £RAICKTEAROREECOVT, FHEDKRTE
(t-H5E) & (T, “P<0.05

B 1 CdZ&*5-L-cysteine % AIBHSH W5 0BV R O+~ 5247 7
74 -

Fig. 1 Autoradiograph of Epon-embedded section of the kidney at 30 min after the
injection of Cd (3umols/kg. b.w.) and *S labelled cysteine (1.5 mmols/kg,
b.ow.)
3G L DR T ILEHEE 2 outer stripe (08) wwhHBAMEFMATELL, &
EHE (C) BUEHHE® inner stripe (IS) 21}, T<hThHLr@sbhinai,
SRERE (A x 23

— 208 —




WRICKTEH T ADI DAL

4 £ =

CAi X - CBHENRLET D45 7 v v ORI cortex DRTRIRME, S, & S, THBHI19,
Cd-metallothionein = X - T Z 2 2 HHEFRE R T, FRCS, & SHEEERLZITLSD,

—%, Cd L &ED L-cysteine ¥ FR#S L1 B-E8 1 B0 Tt cortex 0H 4 B RME S, +
S, Cix7z <, outer medulla @ outer stripe iZ5H 2 EMRHT S EELS Y, oo b
MR - THLMCR IR L ) 5 Shic Cd #° outer stripe D S;in v, TORKE,
OB THEARBI R LD EEL LR D,

TL, {i#f, cysteine & [ Cd #8845 LA3E4, Cd it outer stripe ® Sl v Az o
ThAHH Dy,

B 2 '°Cd & L-cysteine ¥ A R#H S @R4FHOFHUF oA -+ 7324277
7 o4 1

Fig. 2 Autoradiograph of Epon-embedded section of the kidney at 4 hours after the
injection of '*Cd {(10xmols/kg, b.w.) and L-cysteine (5 mmols/kg, b.w.)
Cd 1 FHiH @ outer stripe (O5) whrBEN{wFRMECEDPL, BEHE (C) O
E#E e, < bTrlrdabhie, SHCANMERTOEEL L BHED
inner stripe (18) il e < Cd3EH G iy, SRR (A), x60
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FHEE#

KERAUTET, Cd & cysteine & AEEAARTS L5 FSnG, Bz Cd & L-cysteine
RS LBETR T, AENT, HEMNERLB R 300, Cd & L-cysteine &
DEEYERT HAERL -GS 0EL, LaL, FOBEEROEFL L THEPICEITLE
FBOFETHESHDVIIEALERARECHDH L 37, Trhbb B P T Cd & L-cysteine
BRI ED VT AL E T, BE-S£M L7 Cd-Loysteine 8546200 % 8o iy 5 Ui b = A,
BRTO CAdOW AL E, TOHEKEO V02 Cd BHEESOBRE L Eb b, ThaiRE R
hi- CA$ifa A M T, Ll tEr 5hi??,

FE 1wk, 10 umols/kg, baw. & CA i LT, 1 mmols/kg, b.w. LLFORED L-cysteine
PRELICOHE, BABA L0 CdoBEEn L bon, FHE, BEco Cd ol hAiic
13, Thiz BRI 63 b nt, Lal, HETHEML T 5 mmols/kg, b.w. & L-cysteine
RS LSS, HETO Cd R AL, BRTOZELGEIAES LI (1),
ZOHEL, HD LA EOFED L-cysteine DS 5 EE P To Cd-L-cysteine &k fEEY
TRER L, HEAEAI L0 Cd 0BBHAER L, BETORY AL L ENE S50 L LTLE
THBZEHRLTV B,

—4, ER2ick\ T, L-cysteineD EEHTOBEMCERT 5, R2IEHR2-(D kT
#5-L-cysteine |5 # O MK, B FE CBCETha5S BEOERMNELEYTELICLOT
HAN, L-cysteine iiF 5 & Cdk L-cysteine s OFIRRE ¥ 7L o34, EEHE B2
BEDOFEBIEMNL I ERTRLE, T, L-cysteine 5B E<T, EAETHHCAL,
BS DBEEI L BB S Lith o,

8 2-(2) kU, BB LV LCd & RRES L A%°S-L-cysteine D5 EH 30 5 & U1
RS OBEA I L3S O+ — b 504 75 7 4 - OERE, RS L Cdy ATl
HIALTH S outer medulla @ outer stripe 5 5 St BRI AT 22 SR, ¥5
L-cysteine 7 S; DA TN L FREM R RET 240 TH B, HEF, cysteinuria 12T
KEOM|E B LL DD, BHATDOF 7 = vt 2 cysteine DEZIc >V TR Xhicl
IR Y- b7, L-cysteine LA @7 ¢ /BT outer stripe @ S, i 0iAFhn o b AER S
nT-58E & LTk methionine®, alanine?®, ethionine®®, di-iodo-tyrosine®®is & 434 — t
SUFTT7 4 —iLLoTmRER, &5 ethionine®, histamine?” /XM 45, EHE Sy
RENRDZEDHERERTCV S, ThEOT  JETRBT AR Seon T, BaEE L
B EHEETHLC o hhb B, WEL, L {GhaTu oL, ,

I THUER2-(D R > THRS#EDL-cysteine  CdD BB F 53 2, ¥S~L-cysteine
IME VT, BEER LD 4RMEE T, 2.1X1072uCi%S/g D v~ THEBL, Fotki
ey T5, —7, HE BROEERCEBE V<AL TEBHL, &L 5EERO R R
ERET, LB mBROBEOWACHE s THEA LY, 7 BoORAZOED KEV &L
Ex LRV OEL, BEASBEEENLEGVSATERLLE, LinlL, 7/ BOBHR
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REDOEVBRC KT, BEEENSMEPONS OBRBEICHE L CEREYRLY, 4%
Db O 2K s L-cysteine OB LI FEHED S, TOM b AL s, 38 OB EFRE K ECH T
BHBEHRED L HICE 2D, Tidbb, L-cysteine 5\ 41 Cd-L-cysteine D EE 10 R &
LMY AT R E, FE-REEh, TORBMEDIIES T <A 3R 6D L Hie
TRMERE L O RphicBiighg, —7, MEFD L-cysteine BE BHOERLE LSl L,
IRt o T ST L-cysteine DHBRNB LM THTHDL 5, f-C, BRACELT LSS
O, S;ECTH DA E - ¥8-L-cysteine® @05, FHAHIRCENSHR IR
YSooEYELIVEEEGI RS, BRI, BRATOSSBERFE2OIL LY
DOEMFET LA - vERTI LD, FEO®S BEIEHEED T L U B8Rk
BWCHEHL L,

=7, ERES Ehic Cd o¥EHTH L4, EB 1B\ TR Y 3 i Lcysteine D
DI e - C, EHEMABBTTE CAdoEXENT A EAVRENL, 35T, ZoBfT
RS T s mMRicE Eh A CdE b cysteine DINCHE - T, 8T 2 - LD bivi, F3
FEB b LY, CdEERY 3 umols/kg FEE LT Lcysteine 0S5 B4EMN 0.06, 0.3,
1.5, 5.0mmols/kg ) LT <&, #5 | REHEOMBEHD CdBE, CdBEBRESOMm
BHPCABEX1 L LcEE, 1.0, 1.3, 2.5, 3.0 L5 X5 LRT 5,

Bz CACRBIND S, WALEBECEERILLLO0, —HN, TO®EHD
Cd g ML T <, CdC, R T*, Cd-metallothionein #5008 &, B RATE - KAk
B hiA % hi- Cd e, Ml Llghss 5 LTy 7% Zn-metallothionein & 2\ bt S 4 5k
2 H/cmetallothioneinD #ERR S & LCHIBAAC & &% 0, R it 2 h 0, ZnCd-
cysteinefi kOB ST BT h, EEHABANCTR DA % hicCditmetallothionein® R & &
LT EEMBARCHEIhSb0LEL 505, 10umols/kgFBEOCd & smmols/ kg EDL-
cysteine % FE#E LA fiB k0T, B Cd 23R oA th, &5 | RS ES R
B 70%icE L, LESRC IR L T 2HHErRERECRBECELL, —ol E3BAMR
AR CoCd v hAZEE TStk 2, REOEAL & hicHlb LIz LEdxRT,

FHEOERER, YUOMR, i, BREOSS BEGH, LEHL L0 LT,
BEETO Cd 0l ALEB MR SET, HEOEBE &bz, ZH5RRSI ot ik,
Mm#EHFD Cd BESLTNIE <, DEIEAPTHLOLHRAENE, Lichi->T, MERCHEET
DEZADER IR Cd-L-cysteine 40 B E H L-cysteine BE & AficHGEES {, BHE
OFERE L HCEAT S, Ehic, ChCHE L THROEAREE EEMRo, oftoi
NAZEIE VT LY, EHIACEGRCABRER ATV BBoEEY RS,

Loz Enb, £ENTERERL E#HEI2NRD Cd-L-cysteine D12, L-cysteine 4
HBRTOERCHE > TREIL, BIEO outer stripe @ S;icli v it hicdbn bt ELLRS,
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Effects of Pretreatment either with Cd/Cysteine or Metallothionein
on Renal Toxicity of Cadmium Challenged with both Complexes

IR « ARRERY « ARBERIE

Masataka MURAKAMI', Kazuo T. SUZUKI'? and Kentaro KUBOTA!

E 5

Bz Cd & L-cysteine(Cd/cys) ¥ FEZ# 5, B 5\t Cd-metallothionein (Cd
-MT) 25 L1088, CAUiiETITHECRIRAYE (5,) Lk, BE X
BoEaRME (S +8) EEcloiith, FFMlnCEERE S g ERD,
FIT, FEFIERIEAVGED Cd/cys $ 54 CA-MT # A5 LT Cd # S5 50
S SRR R, UEHE, LRI TROMASEY, thihigs
Lck oA, WBEYS Uil ED Cd i Cd/eys Tt Sz, CA-MT Tk §,+ S fn
Fhice %0 Cd oFERBIGHRE EHEFSOAMN, £5vi, thll EogRclEn
Utee B2 CO-MT # iy Lic b2, MR EOR AL BRY R LI, —7H,
REGHRS L LT, WTho Cd#Ethh, BHBES CETERBEOMHEE, +hbd
Cd/eys THBRECSHD S, C-MT THEEBECHS S, +Sc@bivie, LaLRED
WA HRG R L CEMRETEOINRBELEEL T, JhRE2h, My E3hTs
b, WEOBELEOBEA LIEHABERED L, RBEYE - c#EL 5 ERR
o v~ BEEh Ty,

Abstract

Renal distributions of "**Cd-cysteine (cys) and '°°Cd-metallothionein (Cd-MT)
have been studied morphologically and autgradiographically with special reference to
the site specific darmage of the segment of proximal tubules. In the kidney of rats
administered simultaneously with 10gmols Cd/kg, b.w., s. ¢. and 5mmols cys/kg, i. p.,
the lesion and ***Cd were located mainly in the S; segment of the outer stripe of outer
medulla®?. On the other hand, '*°Cd was confined to the damaged 5,+S: segment
throughout the cortex in the case of 7umols '"Cd-MT/kg, bw., iv.?. Effects of

1. EvAENFEN BE4EE T305 RRERNKESHEEI/NEFI 16 8 2
Basic Medical Sciences Division, the National Institute for Environmental Studies, Yatabe-maci,
Tsukuba, Ibaraki 305, Japan.

2. BT HAEWESN BREEEE
Present address : Environmental Health Sciences Division. the National Institute for Environmental
Studies.
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pretreatment either with non-toxic dose of Cd/cys (3gmols Cd+ 1.5mmols cysteine) or
that of Cd-MT (0.5,mols) on the renal distribution of Cd as well as the lesion induced
with a toxic does of Cd/cys (7 umols Cd and 3.5mmols cys) or that of Cd-MT (2.
7umols) were investigated.

The present studies revealed that the ratio of ™Cd concentration of medulla to one
of cortex was different between '°°Cd/cys administration and '“Cd-MT. The former
was twice higher than the latter. Irrespective as to whether rats were pretreated with
none, Cd/cys or Cd-MT, the '®Cd ratios by challenge with **Cd/cys were similar
among different pretreatment groups. The challenge with '"*Cd-MT also showed
almost the same ratio regardless of the above pretreatment types. It is suggested that
any pretreatments with different Cd-complexes did not affect on the renal distributions
of the challenged '*Cd/cys and '"*Cd-MT. When administered singly with either Cd/
cvs or Cd-MT, Cd concentrations in the kidneys of highly dosed animals did not
increase in proportion to their administered doses. The group challenged with a low
dose of Cd/cys or Cd-MT after pretreatment with Cd/cys or Cd-MT increased
additively in renal Cd concentration. On the other hand, the renal Cd concentrations
in the challenged high dose groups increased, more than the sum of Cd uptake expected
from the results of single treatments. The administration with 7gmols Cd/cys alone
and 2.7umols Cd-MT alone caused the proximal tubular necrosis without nuclei
throughout the outer stripe of medulla and the cortex, respectively. On the other
hand, when challenged with 7umols Cd/cys after non—toxic dose of 3umols Cd/cys, the
morphological change of the proximal tubular epithelia was limited to necrosis with
pyknotic nuclei throughout the outer stripe. When pretreated with non-toxic dose of
0.5¢mols Cd-MT, the challenge of 7xmols Cd/cys induced the same degree of lesion in
the outer stripe as mentioned above with the lack of changes in other renal areas. A
challenge with 2.7umols Cd-MT after 0.5umols Cd-MT, the lesion was reduced to the
area around the arciform artery and subcapsular part in the cortex, in which proximal
tubules were necrosed with pyknotic nuclei or degeneration. The challenge with 2.
Tpmols Cd- MT after 3 pmols Cd/ cys, induced the same lesion as occurred in the
pretreatment with 0.5zmaols Cd-MT.

These findings suggested that pretreatment either with Cd/cys or Cd/MT permits
the proximal tubular epithelia to obtain the capacity of resistance against the chal-
lenged Cd-complexes regardless of the renal different distribution of Cd between Cd/
cys and Cd-MT.

1 @RLwic

e Cd &+ V-5 4 v 7 ETH B L-cysteine FAIFRE L1284, 55112 Cd-metal
lothionein 25 L84, BE 314 Cd HEiECH T EASOE, outer medulla D
outer stripe 2B BB RAE (S) &, BECBV-TIHKHE, cortex i RAE (S, +
S,) wHRACIYATAY, Livd Cd EhEc il D A A TSI KA i MR FRE L
MEFLZLPBEDOLRTVEY,
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T, HBEM U, Cd-cysteine $ BV 12 Cd-metallothionein 7z £ Cd 2y 51 T
T Cd % h£h, outer stripe X ¥ cortex DM FME izl bAte, 0% ¢, Cd-cyst-
eine & 5\ i% Cd-metallothionein %45 Lic & &, BEHRES L Cd@EE0FHAEN ToLF MR
FaEbhah, BEROBHAEM, FECEBC IO L B RIETH, TORMYEHDHD
fodit, LAFORBEY T,

2 F &

Bl Wistar /5 » b OHET 5 HlG (1002, B GFOAELL T, Cd & Lcysteine & D[F
S (Cd/cys EBE3) H 5y it Cd-metallothionein (Cd-MT & B53) *#54 2, Cd/cys
(3)12.Cd & LT 3 ymols/kg, b. w., CdCl, + 2 H.O K&# (1.0mi/kg, b. w.) #HEHEA
BRI Fic gt L, gl &\ THBEEHO L-cysteine 1.5 mmols/kg, b. w., K&EH (10.0m{/
kg, b w) HREEAIEST S, —4, C-MT (0.5) 2 CAdh#Z » MFL VB LDTH S
A, ZD 0,5 pmols/kg, b w R BRI ERT 5, Cd/cys(3IIRFCA-MT (0.5) tv-Fhb
B & 24 BEEIEICBERE A E U 5B THE, T Cd#ifEoHs 24 B, Cd/eys
(3)FB 3 Cd/eys(7) (Fiedt 7 umols Cd/kg, b. w., s. c. & 3.5 mmols cysteine/kg. b.
w,L.p) BERLhEBEE TS, &5 HEBRS D Cd/eys 0fids b ic Cd-MT (0.5) Xk
Cd-MT (2.7) (745 2.7 umols Cd-MT/kg, b. w.,i.p.) ¥ HBEET S, o Cd/cys(7)
EUCA-MT (2.7) oGt no 24 FEEICEHELF SR TR THD, chbonB
A5 24 BB S » + XIRB L CERYBEHL, AFB 8RR, FHFREECT, +0CdE
EEELL, —H, EFTA-e ) VEE, 277« vEE, H-ERELOEEERENTEY
To7,

ERFIRCRT I5HrLRY, FFINTHD, B, Cd/eys(1), C-MTUDELT
CAVD R rhFh B E Lzl gn, CAOBTRE, BRASARUREYBETLIH0R
BE, CORBRYLELT, XHizCd/eys (I, V) HAVTCA-MT AV, VD) »BRESL
fb EOBRVMBIDDORRLLEBEIATV-5,

I Cd/cys B# 58

(1) Cd/eys(3) 3 umols Cd, 1.5mmols cys/kg, b, w.

(2) Cd/cys(7):7umols Cd, 3.5 mmols cys/kg, b. w.
II Cd-MT By 55

(3) Cd-MT (0.5):0.5 gmols Cd-MT/kg, b. w.

(43 Cd-MT (2.7 2.7 umols Cd-MT/kg, b. w.
M Cd/cys #i# 5 +Cd/cys W55

(5) Cd/eys(3)+Cd/cys(3)

(63 Cd/cys(3)+Cd/cys(7)
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IV Cd/cys Rift5 +Cd-MT ®B#H 57
(7) Cd/eys(3)+Cd-MT(0.5)
(&) Cd/cys(3)+Cd-MT(2.7)
V. Cd-MT §ii 5 +Cd/cys g5
(92 Cd-MT(0.5)+Cd/cys(3)
(100 Cd-MT(0.5)+Cd/cys(7)
VI Cd-MT gi#E5 +Cd-MT BB 58
a1 Cd-MT®.5)+Cd-MT0.53
(12) Cd-MTO0.5)+Cd-MT(2.7)
Vil Cd 35y 55
€13) 3 wmols Cd/kg, b.w., 1.0m/ K@/ ke bw., s.c.
(14) 7 gmols Cd/kg, bow., 1.0 m{ K& kg, bw., sc.
V(15 ) SEAER

—H, HBHS L CdE#ERC L CdoBRBRATOGMEML o, FERI(1), (3),
(50,072, (OHRUVULKEECTHEBRST 5 Cd &tho Cd BRO iz, Cd/eys(3 )Tl
HHBHEE 83.3 uCi/umol Cd, CA-MT{0.5)izy%, 500 £Ci/umol Cd ©'°Cd »hnz shic, =
hboD7 oy b XEBRER, H20ARBEESR UBMYET=—TVRRL, BRYBHL,
chdeCHiT, 29 L1 s, BEER (2.5% glutaraldehyde, 0.5% tannic acid, 0.1 M phosphate
buffer pH7.0) % F\-T 24 K5, EE®R, fAOEEXMRET2ESH 1 mm DGR % 2
HodL, EERoBE#ET o kT, B1CRT &5, SREEK (arciform arteries) #1§
RELT, BEHE (cortex) (6.3£1.8mg) +BEHE (medulla) (19.014 3mg) ICHYTL 7
v s AU, TOBERIERACRENTV-A, o medulla ©7 = » 7 X outer medulla
D oquter stripe & inner stripe B (¥ inner medulla 7> S#R I T3, Ak, BEE~O#HE
b OCd DR, #2.4~5.0%ThH Y, BIEMDCdDOFRATOGHLHDIHIT,
BEAVEBRTELRTH -1, &k, '"Cdiz, LKB wallac > 1282 Compu Gamma THEL
i
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arciform
artery
Y ED
Alcortex)
o’ A Z
outer A N
medulia % . :
> Z
infler “
medulla

H 1 BEEAGHCCdAEO-H»0EE LB ML HE

Fig. 1 Method to separate the cortical tissue and the medullary tissue from the whole
kidney
HRBE S NS EOC OFEEARA TOS MM L H L A, BRI ACE 5
G EHRT T & <, BHER (arciform artery) #ERL LT, HEFE S (B,
cortex) EBEEES (A, medulla) @7 = o 7 LHEREB T TSV, AALSIh
5190 OEESAITE LR, BioxT2 ADBEE Tihbb

1Cd Concentration of Medulla (A)
""Cd Concentration of Cortex (B)

T4 - TCd OFBASOREE L1,

The Ratio of

3 BReEBE

FBE LA — b F2H F 57 4 —HGCTOER, Tibb, K2irnt Ly Cd metal-
lothionein 5.4 0 '°Cd?H % v+ 12 ®[-metallothionein 5 %01 9 (B3 ) ik cortex {57
T 2O LT, "Cd-cysteine #5-#0"Cd (514) {1 outer medulla © outer stripe 7552
ozl Cd DEEET 8B L »T Cd BB A - BRABRASH 2 — v &5t 280
P ElasTun,

REBTHGBREB S 2 v 2 ORI BT, cortex & outer stripe D5 EFE» H 7
5y LTRSCHMET B0 AR b, FOBRA RO+ — 5 9F 757 4 — TR
Ahicloi, MEOBEIHLNELST 2 2MEbR 51T THSL, LHL, outer medulla
@ outer stripe ¥ &\~ T, FO—HTH 5 medullary ray #° arciform artery I b BEEFE
EIMLTHAETSH L &, ¥, outer stripe & inner stripe OERARNEOE ERAB TAARRY &
5THHIEDLABCERI R LE ., ZOSYRIRT 5 228 medulla icHf1S T 57 7 »
7 V24T outer medul%a @ outer stripe DRES &, BT CdoR2ALBOBEECA oL outer
medulla ¢ inner stripe & papilla tip % %715 inner medulla # & ¥ 52 &KL, ZOI 5K
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E 2 'Cd %3 L 7- metallothionein %54 7 RREAOB G oA+ -+ 5 2 F
F5 7 =Y

Fig. 2 Autoradiograph of Epon-embedded section of the kidney at 7 h after the
injection of Cd-MT (195xCi/eg Cd, 0.8 mg Cd-metallothionein/kg, b.w.)#
Cd aBEHE (C) oA RAFCE DS L, BHHED outer stripe (0S) 15 HEAN
FRREC b Tt 54, dEREES BB O inner stripe (15) RS RE
Bk (A it Cd @B bhich o7, x60

FEREEr X -Th, FHATARIENA— 524757 5 —CHELTELLSBRTED S
Tl FoER EBRICHTIBYHAS T -2 bHEHNCAE xS LGS FIASS L,

IO LTHE2 N A-BHEFOCAEEZEAEEC L - T, cortex & medullafil i o
Cd mEE A HEL, TORBEREIE]ICRENTVS, Cd/eys( 3 )% BEHES LT 24 B
HoCd OB Tos L, C-MTO.5) 5 0B & i#z LT, cortex KT 5 me-
dulla ©1°Cd DBELEL 2 (EH BT LIRS hts, ZOI Lk Cd/eys( 3V BB EOBE,
CAd-MT (0.5 ) GO B4 & T, Cdid medulla @, #iC outer stripe w92 ¥ h 5
HHEMTHZ ERTRBLT D,
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Fig. 3 Autoradiograph of Epon-embedded section of the kidney at 30 min after the
injection of '*I-metallothionein {29xg metallothionein (7104Ci)/kg, b.w.]®
ik, FHHHE (C) oEEMEAT RS bR, BHE O outer stripe (08) EU¥
inner stripe (IS) wWiREBbhich =7, ok, HAMEHATOEE P ELEL
Tl otn, x60

—77, Cd/cys( 328 %\~ ix CA-MT(0.5 ) Wi 5%, “Cd-MT »WB#5 L 1-Ha, '°Cd
@ cortex Vx4 % medulla DEEEFTT'CCA-MT BB 50BRS LA UERTH -1, Btk
i, CO3IBHORBCOWGCTHHGIEITS &, FEKE IS THEOXENRD LRGN -1, —
7. Cd/eys( 302 MBES LicHE, Wifs & LT Cd/icys(3)H 20 i CA-MTWO.5 ) ¥ AE L
T, Cd/eys(3)EMBHICHE~NT, $OERIPLLE DD, HEE LTRE LY~ Th-
o BILHIT, ZOIPDHEZDCTOGHSIHOREER, HEKHE1%T, HEOXIREDLLN
i stse ZOBE Cd/eys(30H 5k CA-MTWO.5) 7 Ko Cd- D RTAE X5 X
NOWBEED'Cd OBRATOSHIC, 12E AL HEYE o L 2B%RT S,
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1S

Kl 4 'Cd & L-cysteine * A H S B4MOBN R For—t 5 247 3
74N

Fig. 4 Autoradiograph of Epon-embedded section of the kidney at 4 hours after the
injection of '**Cd (90.5uCi/pmel CdCl,, 10umols Cd/kg, b.w.) and L-cysteine
(5 mmols/kg, b.w.)"
Cd BB © outer stripe (05) wHLIEIMFEAEFES L, BEHE (C) o
FRECE, T b LlarRobh?, SoERATO 0 CEFHEO nner
stripe (18) iz {@BH BRI o1, x60

ENTILHERBC BV CEBACT Y A cCdBEISRE L Tuv5, Cd/cysd B\ i2Cd-
MTRa B ES LcBE, Thith, TOHSENENLChS, B BEROCd  #Hing
T S LV A b led ot LasLieah, WEECin THRERE L 8ain,
B 5 LA LRV ORI 5T b, kb, MR IS LT Cd/cys(3),
Cdicys(7)H Bt CA-MT 0.5 %85+ 58, TOBEED CAERIIBRECEE I he Cd
Biome T, RBERSTE LR CAdEEE/BIS S hi-t 2rERashsBo Cd 2
Bxplcbodb L TrEnl, M7, WEEEESELT, C-MTQ.7)%#%5+2%, C-MT
Q. 7)BIIC Y Enie b 2OBEREOW 2 B L i S TEM LB Y INE LR R L,
sz kit, CAdOBRTORYALCELT, iy, RR{BE50 2 mONE L, HNFERHS
WIIF R EOBEER LA LTI E R ERL W5,
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F 1 BPCAEE HBERSUCdOBASHRCREOBRALS A & FRED

BE
Table 1 Cd concentration and distribution in the kidney and the grade of renal
damage
. Renal Cd Medulla® Ratio of
Treatment . Cortex ———M— medulla/
concentration Outer Inner
Stripe Stripe cortex
Cd/Cys(3)*alone 7.1£0.4% (3¢ - - —  0.17530.007° (3)
Cd/Cys(7) alone 10.5£1.2 & - ++ -
Cd-MT{0.5) alone 3.9x£0.2 (5 - - - - 0.073£0.018 (4>
Cd-MT<{2.7) alone 6.7£0.7 &) ++ - —
Cd/Cys(3)+Cd/Cys(D) 11.7£1.5 (4 - - - 0.130+0.027 5
Ca/Cys(3)+Cd/Cys(T) 21.1£1.0 (3 - + —
Cd/Cys(3)+Cd-MT(0.5) 10.8x1.3 (4 - - - 0.061+0.008 (4>
Cd/CysB)+Ca-MTQ. 7 22.8x3.1 B} + - -
Ca-MT(0.5)+Cd/Cys(3) 9.4+1.8 (5) - - - 0.1140.020 {4
Cd-MT(0.5)+Cd/Cys(7) 17.5£1.2 (5) - + -
Cd-MT0.5)+Cd-MT(0.5) 7.71£0.3 (4) - - - 0.067£0.015 (4
Cd-MT®.5)+Cd-MT(@2.7) 16.1+3.4 (4) + — -
Cd@s) alone 0.7£0.1 (&) - - -
Cd{7) alone 1.7+40.2 (5 - - -
Control N.D. (5 - — -

Cd/eys: Cd/cysteine, Cd-MT : Cd-metallothionein, a) umols/kg (A8 b) xg/g BEER oo H
BEmE ) BFEHEDOCCdBE/FRET0WCARE o BRECRE | (—) EMEHTE LR
WA FE L L () —BOEMIRATE LR ARCERRET Y - BREE YRS D, Lo MR
—WRBEOBELL L OB ERT 2, (4H) TR TSR ET LA Rt - BT E %
R,

T, WEFHHMEICOWTCHLA, Cd/cys(7 )85 (BF(2)8, ®E5) 502 CA-MT
(2.7)8% (E4)HE, ®6) &5 24 B# T, §ii#Eil outer medulla © outer stripe iz,
HE-CIL cortex KT NFNGFET AAMEMY LSRR e Bty HEOFARC
F5 1 B BTERA I B R - Thte, &2 A5, Cd/cys( 3D RIS %, Cd/cys(7)% T
Whn (E06)R, E7) LFEE Cd/cys(7 YBEN T outer stripe O REAEEE R L,
Pl B A RAE LR, Cd/eys( 7)) TRELESLhiE E0BERARE Litoic
HUC, BMERTHN B~ ERESBE L, (05, CAEMTO.5)0Fi# 5 #, Cd/cys
(7)2WBIY GFQOE, H8) Lo kv, FRCHRAOREL L BEREORE
outer stripe KBV TEBH LML, —F, CA-MTWO.5) %55 #IC Cd-MT2.7 ) » Bz S
(B2, ®9) Liashs, MEHAE CA-MTQ.7) 8B T cortex £BARRBTH »7DI0
LT, arciform arteries AR UF ERE T cortex KB EEh., HESMOL G RMAT LK
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B 5 Cd/cys (7) BEHuk5 0BHE

Fig. 5 Section of the kidney treated with Cd/cys { 7) alone
FBHE =5 5 outer stripe (0S) DEAMEMEF LRSI HETIREDOE
EEREILTV-3, —H BEREO 2 AMFRTERE AR, HHER
fa. x60

M 6 Cd-MT (2.7) 85O HRE

Fig. 6§ Section of the kidney treated with Cd-MT (2.7 alone
Mo (C)rh s FRT EEARIE S EET R FOBERY LT
3, —5, BEHEICH D outer stripe (08) ©HLHAMEATIRESL LRI,
H-E $:f, % 60
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B 7 Cd/cys(3)+ Cd/cys (7)) HEDFRE

Fig. 7 Section of the kidney treated with Cd/cys {3) + Cd/cys (7)
Cd/cys (3) + Cd/eys (7)E 7, Cd-MT (0.5) + Cd/cys (7) B MR & L1,
FEEE @ outer stripe (05) WhZEACFME EEARIHEBHBLE - B Ck S
Vo T B, Cdicys (7)) IS (R5) wibEg L€, Bor o MEN EML Ty
B, BB (C), BHHD inner stripe (IS) /g &iciFBERRES LA, H-E B,
x 60

B 8 Cd-MT (0.5) + Cd/cys (7) 5 DOBRE

Fig. 8 Section of the kidney treated with Cd-MT (0.5) + Cd/cys {7)
H-E #a, x 60
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B 9 Cd-MT (0.5 + Cd-MT 2.7) &5 0BHE

Fig. 9 Section of the kidney treated with Cd-MT (0.5) + Cd-MT (2.7)
Cd-MT(0.5) + Cd-MT (2.7) (19, Cd/eys (3) + CA-MT (2.7) (B 10) RB B
L, WEOHEECH I SRERAAROCHEEE ToE M RET LECRRE
h, TOLEDRESEERLHE >LHEES L HEBRE~ L Cd-MT Q.7) Bi#H
& (H6) wiEL tEEL Tv5, FHEHCIREE» b, H-ERA, x60

B 10 Cd/cys (3) + Cd-MT @Q.7) 50 BHE
Fig.10  Section of the kidney treated with Cd/cys (3) + Cd-MT (2.7)
H-E $:f, x 60
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HIF TR RE AL » 7o BIED BV ERALFRENBERH Ih Ty, E6ic Cd/eys( 3R T#&,
CAd-MTQ.7)HEES (H(8)F, K10) oBHFEs - TLREOPRIBED LR,

oL TNTOHIGEEESC R GT, RE BRI hZEERERIIC R CEF8
Enikhot, Tioht, EEOCHM#CL 2HEHRYS GE6), (2)8) DR, s
o LREASABRM LU Z b, RS, HERSIC LS CAd#EdIFESoR— Kl YA En
B EMLERTELZETHA, LALEBD CAFFC LIRS LY, BECBA L
Mo v~ TEHRE EL L, RELERTHC L, %M%nmCd%¢®ﬁbﬂih%%m
BofEBrEicsc babnTFHTERL K,

IORFOBRELT, BEOCAEFOABESORECETh, RED Cd#HEoRB
SOBALRARDO v CERBFO CdBES BT L 5 W5, ZoRBESO Cd i
oL CHTR D Cd BB AU O HTED, 8RS0 Cd/cys (BA0OE) H5H0i Cd-MT
({88 =BT 2 LENT, BRCHIE VTl outer medulla @ outer stripe =& AL
R#E BT, $#HE W cortex w5 MM RADE EE MR EHIh T e FELbhD,

FORME, WEHSOBHRMNCE D A T Cd sth ik Cd 2\ ks H i L T Cd
A L LTHFEL G L) CEHLT AREED Y, BN L s RV EAE L8k 5k
TEERBEHLTGD,

Tihodbt, BEEREOHBRSBOMB L LTERIN VL, HBES X CdEED Cd 2R
WA A TR T 5 O+ 70 B O metallothionein BEH M A oD HRE S, T,
Z @ metallothionein O BTV T FERYSHTHT, BibhThs,

S
AERIETFE—HE GELX- %I:AE—P%) WA R & O LRI L - T
ERLDOTHE,

tk, REBHHOBEIC M -T, FORMBELAENCI - THENIA: REEFERCE
CEiEh L ET,

51 B X &
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A Study on Body Water Balance of Rats Exposed to
Cadmium Using Heavy Water

oA B KBERT

Michi MATSUMOTO! and Yukiko OHTA!

E g

AVivakEE LSy PEFERALT, BEXRKO ML —wFIRC I 5 ARBMEERET
EOBEFET -7, # Y v a5 b FEMNOEL, BEORK, BE~0n ¥
7 AOEREUEAMEME LREOBSEABEI NS, A Y10 2 S REKLESL,
4 BElichis > T—HE®HER L., RPOoEKBEEKO&BES 5 4 & TCD 7
A=t FI 7 LG EAGNC I DHEL, £6AksE8, KoXBiEER
ROESmE ARt B L d ki, 2 Vv ARSRTRNBRCE~NT24KS
BEoMMARE S, FRAEETES L -1,

Abstract

The body water balance was studied by tracer technique using heavy water. The
purpose of this study was to develop methods for precise measurement of body water
balance when renal function was disordered by exogeneous toxic metals. In this study
we especially dealt with the toxicity of cadmium.

The experiment was performed using rats exposed to cadmium, and the slight
histological changes were observed in the renal tubular epithelium of the rats. Heavy
water (99.8 atom% D.0) was administered to the rats by subcutaneous iniection after
cadmium exposure, and the urine was collected from the cadmium-exposed rats and
the control rats every 24 hours for four days.

The urine samples were purified by pseudo-sublimation. The concentration of
heavy water in urine was measured with a heavy water-analyzer, which is a TCD-gas
chromatograph connected with a hydrophobic platinum catalyst column, and the
amounts of total body water were obtained. The turnover rate and the biological half-
life of water were also calculated.

In the cadmium-exposed group the amounts of total body water were larger than

1. BEYAEWEN RERRT T305 HEBRNEE S HIE/ I 165 2
Envionmental Health Sciences Division, the National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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in the control group, however, there was no significant difference of the biological half-
life of water in both groups.

1 BLaic

BHREREEE, F 7w - HERERSOBERES, UTE, FEELRELSoRBLETS
HiE, H50nBAR e, REEE 77 v —ERERSCETLRAKEE V- R R
HEFERBERELALEZ LN DERTH S, KO- 5 v ARFIILEHIERYIIZRIL, &
BRI 2% n 5, Cho0RKGFRBMOKBIRREE, THERE, NRRE #Heo.
FWHOBRERCEREOBHEATE L S0 » THEET A 2 AT 5, ~ BRI FRRILE-
Mm#E He {0 E & BEORKERYE X At Ik OBTROBEXHFET LI EATRS
B, BEBEOAEX T LBERHELT L ENRETH S,

BRI BIRNE &R TR D LT E, MBS S G E LTl S AR
Gdohd, &fkGE MRAER RURRLEEDONERTLEAROBHSHOER Y
HMDLZENTED, FERREDHZER TR ThBLLETEYRHVCFREC I 175, Avk
HREC L ) AREYPELRE D00, BIBECENS LI LAMLITVAY, 2KFRD
HlEmitEEoekodcafmil, ERTELLY BROCER2Eh T2 E0hvY
BEEGLHDEABEHTHH, BK (D,0), tritium oxide (T,0, THO), 7vF v v,
NAAP (N-acetyl-4-aminoantipyrine) 7 &»fv-bHis, Hevesy B2 EKE AV TEEKG
BOER T T bR s OFTEY AV TOFREC L ZHE "2 ThA T 584, —&ici
HIE A B TRERLEE, BREXELAV NAAP 25 {FhnT a7, L LESeBER TR
AR HEETLEALFRETH S D0 T,0, THO »8 % Ly, T,0, THO ixkG o
EEamThH S, BT, EH MNECBL THERLRE, LETHY, $LBEREOR
DL, DO REERMETHL DB PLERTHD, KB ThVRYEMEICL -
T a7 (R bW & TTHETH 5, BRKPOBEAHEERE D MEC L RE T IECHK
Ho¥EPBCLORTELY, BEAF A2 e 2 /5 7B L 2EELEXGHEIHFEI R
fo89 KFRTEA VN v aBERToF > P RFL LT IoSEC L 9 KFRBEFE R
BAfThH 2 L ¥RAT,

2 EBHE

2.1 HFIILIRERE

CACl, 1mgCd/m/ oER*HEAENKC THEML, Wistar REES » + (088, {(£F 262282
kg) = 2mg Cd/kg/d TR TS T, B5HBIIFEH1.7 B 1@, 25 HREichizh 15
RS T~ CdH5EE M 30 mg/keg bw. TH S,
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2.2 EXRESRUER .

Cd 5 L KA OBEYEET AL, CAES 7 » P RURBT » M icEK2ES
L, R#yr -CHTHRTLTILAR~4 HE%® 24 B 2 L BB #o, &KL 99.8 atom%D;0
AL, Imi/kgh w. ¥E TS TS L, R 2ET, CARSETHIARRY
10 BEALHE L, ¥ CARERTHTIEE, MU AR, 21HAKS » PO 5 b—REH
HL, W, R, BE B FRAYERUC, SE8F0 CdraldiT i nROREY ICP
(#F5 A=REFESH) B Lo PITEL, HE B FRo-Sdrr~y vEELTVE
BEAYFR L UREEASFIREY T, Eh—ieow Tk Cd EHE TH 102 0 B fEsl
L, ARCEBFOTHEBEORERT -1,

2.3 HeniEw C .
FEEFOEKBEY XA 2 v< 7 72 XD RET 288, RETH T YHREL KD
DREED BT LESD 5, AFRTIREAMOME 3, A Hvidt, K. Linderstr¢m-Lang X
DA vyaly, VAER2 VT X0 D-HTREBIEFRCE LCREZERY (B#F) d-"aHA
Lk, COBERFAZ R} 757 kD Th<ERSIIECRSIFERC L A EANTE
ORMLEE L LTH A HRTHD, BEPOAI LTI AL X5 EEL 8 L TRk
FHRPERBTILBEOLVRABELHETHS, B0 CHASREFL TRE, AERCHR
WLE3ImM P EEEEC L BB LA,

2.4 HAIZO= &2 2 108 5BKROBN

Wik U0 L0 BB L E AR R BCE BRI (TCD) ARy m<b /37
(BRamm EAs#et HK-1D 2B TR R Tt Z DGHES B 2 IR [ <5 il »
5 LCHE L TRABPOEAE ARV EM S ¥, D,0 % HD Z# LT TCD TRIET 54 0TH
L, £ ) ¥ HACIRMEOKREEL AV, FWTHCIME S 7 4 & TCD ORI K G BIRD
RHDEVF 25— —TRTADREN 7 2B EEFEEIhT5, SRR 2l ¥EAL THEY
Tt

IR R

31 Cd#x5ic L 56E%{E

CAdHE5HiD > »  DFEEL272+6g (range : 262~282g) T, WRFLH/EFICERILS -
o, BEHEBRENBEOAEEMIICHEMN UKL TR ST 347+12 g (range : 329~366g) &
WL fooicrtl, CdRSBeRSFREERE THES ML, Lo LTEE, #inlis®
BURL, *oBBECREB 2SR THA T273112¢ (range : 255~281g) ThH -1,

— 231 —




BE #.kmEeT

3.2 BEER

BROEKFSROBEROEBRVPTMENET L-B%D 5 briBl, CABSHLY 1~2 T
wEUD UM, B, BRI MR BB DA CEARRE) 2EELi, FnERKTEASY
Wi -Bity CAHSHTH 21 HAKD 102 A B @S L Rk a Bm L 7,

CAE5#TH®708, WBHTHE BROEEIBREHTEL, BB EED
0.4~0.5% B L1: (RIBEEETIZ0.2%), 21 B B TR BRCh: TERLBREHCEEY
ALz, MEECIEN -7, 102 ABTHFE, BE BROEEIREHTHEALLEE
TH -t FIEDP A, BEE QROBEITFHE »FEETRL-b0EE 1 ITFRT,

x 1| CABREEIHMBRCSHLIRBES D LHE
Table 1 Weight of organs of control and Cd-exposed rats

Group Lung Liver Spleen  Kidney
% % % %
Cd - 7 0.4 2.3 0.4 0.9
14 0.5 5.0 0.4 0.9
21 0.4 . 5.1 0.5 0.8
102 0.3 3.8 0.4 0.8
% % % %
Control- 7 0.4 4.3 0.2 0.8
14 0.4 4.1 0.2 0.8
21 0.4 3.5 0.2 0.6
102 0.3 3.2 0.2 0.5

i EECHT D% R,
* FIORET, 14,21, 10034 Vi 7 a0 BRESREO AR YT,

3.3 MBEPRFEE

FIECHERLCESE, H8PorTHKBEY ICPHETAELE, Cd Cd 358 oi, W, ®B
B, BRE GHEOT~NToESTRE IS, SBRETRER I o, Cd DEFIFRE,
BRTEL» -, T, FE TR0 Cd 2 CdEEFIEEE « B 2T LTV 208
L, BB BEY0CHLEE—ETIZ B TovaiaEhhitmo7 (M1, 2). Eicfd
DIEFE T Cd HEHEHBE L OMICEN R LRICO TGO Cu, Zn, i, BEFO Zn 0B
ETho7z (H3),
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Fig. 1 Cadmium concentration in liver and kidney of cadmium-exposed rats
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Fig. 2 Cadmium concentration in lung, spleen and muscle of cadmium-exposed rats
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Fig. 3 Copper concentrations in liver and zinc concentrations in lung, liver, and
kidney of cadmium-exposed and control rats

34

REESFNRE

CAg5#T#7 AR, 14AE, 21 BECHRE, BE BR2EHL, HHc. HEa ke
A (e, H-EREROPAS REC S ) ERENREY T -1,
RT3 SR B & RIcH S BIE. FAASTG b Ao B L R 2R

LRt ot

M BT ESBTHEENED bR, AR sk Ib b0 EELLRE,

BTz H-E B I 3XBECIRREOE (LM Aon T, Miaosgm, SMne, -~
By AL TANBEL L TELFRED LS 54, BEET PAS 1 T3k
BEs LAY, CPREOHEAY T TEE TS -, FME TS LEMoR Y (HiR
oil, BR, BOKIRFR, HROEN~O@HERES), B (K4, 5) ARBLALH
VTR AR RAECR A, EREATORLRE LAV EBRLRS, KR
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Fig. 4 Degeneration of renal tubular epithelium-swelling of epithelial cells-{from a
rat 2 weeks after the last administration of cadmium
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Fig. 5 Renal tubular necrosis from a rat 3 weeks after the last administration of

cadmium
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LizEAYBREIL ok, WTRLEEORFIE {, B4 2RB T oBEEritE-
TifpnE Bbhte, '

35 K B
Cd #58, wRFHCEEZENALE (BEAFERLLREY, DEOER (B 1) k.
THEYEH THLITHLEEOEAAZ S TR AEERE TR,

3.6 FRehEkBE-R

Cdip 5 #TH3 10, 1TEBREABREL, UFH T L C4AHBERY T R0
DO oFEERYUELIMEFBERC e » F Lb 0w 6(a)~(d)icET,

— R BREOHS, RPOoBEKEERILI AR 2HREEAL L, ToREL,

Y=A, e 1t (1

TRINDY, W HHARKICERICE L CHFAEREY 7oy F L 0RERYRT, K60
AEHRL D Th LHRERTERD Ak L #1870, BEEFDIThCBEARoniofos, ERER
BB TULDIRORED & « WX L OM &R CFHE L R REY RV t RETHN 0.1%
AECHRMEOXEVEESDRE, TOPEEXEALTERRYRHELL (H6), M6
BOTEREBYERTRLAE (( ) TEANSIERAL - BEE,

3.7 2kaR
Rep~OEKPpE OB HRMEFREORRC L Y 2B KFBEERDHHZ EDTES, WF?
I35 EeEKGRIRORNTEEIND,
_ GV, —CeVe
Cr
L, C I fELAETEORE
V, [ #5LETEORR
Ce [ FHCETLI TRERFIIELELLIETRECRE
Ve FPEcET D Ciigke o Lo RE
Cr [ EEICFEL O bLDIFRED MO EE
Ve | EfknE
WRELBZ I TREADI ETH B, FHICETIONE L TRP~0BmEI D i,
#A20%

Ve (2)

GV,
Cr
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20004

15004~ 4

D30 content of urine (atom ppm excesy)

i

slapsed time after administratien of 0,0

20004

1500+

10004+

o

=1

=]
1
T

D;0 cantent of wurise (alom ppm excess}

L L1 { 1

{t) Experimegnt 2. contrel group

] !

I

1 1 T 1 1 1 I 1 L 1

A
g oy 7 3 g days

elapsed time after administration of D30

e

(d) Expariment 2. Cd-expased group

20004

1500+

1000+

w
=)
a

L

D0 content Oof wrine (afom ppm excess}

1

L] 1 1 1 1 1 1

1 1

elupsed time after administration uf D,0

B 6
Fig. 6
{(a)
(b>
(c)
(d>

3

L 1
4 fart 1 2 3 4 days
etapsed time after sdministration of 0,0

R B A D OB L

Time course of urinary excretion of deuterium oxide
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HEER L
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HE 2,
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THENDY, FREROBERPRE L MFRETHE o TELTH™), EELOHDT » b
SRR TLRROERABON TV 5, BCIEREOMPRE (Co) RIOBETHRA
TAHIENTE D, EABFERRPEER 2B LU CFERBIGET 570 h DT Rep
CRRLIEBEROTNTHD L E LD, FHCELAL L ZORPBEIR(1)CET =0
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—_ CIVI ’
VF——AD {4

Lo Ve kBB ENTEL
AEET s\ TS LA EROBET 99.8 atom%, #EREI 1 mi/kgbw. TH B, (4
RATEL

99 _8(%) x W
A,y (ppm) %10~

W E (kg
E&x5E (TBW) 2$HEHTHRT L,

TB“K%):}Niim

Velm))= (5)

X100 {6)

kA X v 2EKIESARSHLRE,
99.8 X 1¢°

A, (ppm}

AER TOEAR S 24 B0 CIERER AT - T fod, 361k TRDIt=0D
E 2 HEE Al & 0 2B KGR ERDI,

Fiok

TBW(%)= (72

In 2
Tuz::_r';'—' (8)

CIh, EMFHERIET. 2Rk, ChoOBRYR2ICRT, 26K0E, % LR
o TinEsEEOEM LY () Rl 2RHEO%ESR (FR2) R CTRFIBEEAR
EDFBIIKB-TDEELLRLOT, ERIOERKXLY t=7 (B) ©L2DEPEX
FHaRwRS, FBRITRBAIVELETt=0DE: 20fl& L, FHB1 T CdHGH
CECTEEKTROEMABEEIh e AER 2 TREIR LN, o 1o, EWFEHERINEW
BTHRELEIRD -1,

4 £ %

FAO b L —HFARAREERWE T LS b LY, TOSEIEETH-TD,
EEORFYELRY, TRBAMI I TIEV LD, BT Fhug KR ET
bhTuil, FhiFd LTHREFOSHCORBTHH, £ BEnf8HC0 b L —
FHEAE L TR TrTH S, BRIVETR TEKC L HEE-5 v ADPE O F —~ T
MEOTENFENTLRICZ VB S, B TEY 7 v AD E Roth'®, G. Basset 590 2 21—
ZHEAYFIEL TOSEKGEORESLHO KRG EORE L &2 SRIRDBE~ D[R
feo LERBEL TS, IRTRPORADCEE -7 v A LRI OBMRE Lo TR L o8
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BEic L 2 K RBREBRETROKR

EEB D,

SRIFE~ FHL HRINCEELHEX A, EXO L v -3FAK L) KGREOREY
BETHL L CEOREREGRBEN SIS FEORELCET L LN TELETMELD
W, AP I vakBELAS s PR H S TOBMER YR, BRE L TRARI D leh -1
Zk, AMEREGYRESDIDCEHCERE EBR T LD, BRI B2 EKSEOH
FBUANDGBEEOMEYER L 2o 2 bl E bR DB ORI, T v b id
15 Ecticad F iy LS l EEEROEE, BEOERMEM, » ¥ ivrnBEH,
N ) TREEOE L E TR I LT Y, HBCFILrOBEIBEATV LI LB LMAT
Hh, LU AEEEYNEEC IS8V 0ELE RO L DOBRE, BALLELR Y
DHDTRAELS, MEOETFS 225, BEAORDPE B LRGSR, RBEER,
FHB e CARD TR R2) 44 BSHINBEOERITREBEYLATRRV, ER1T
BESHCSRPREEOEHEBB RO SAER 2 THERPE o, T CdBESLr L -
TEHOBMAEELTVA I EERToTitevhtBbh s, B FRLSCELRS
ERENCEREYRNI 0L F 2 bbb, KREBERC K TRE BEI T 5,
LALBBORKZCAHFHTH2 HE, I BB CHMELLIEThHY, TBFRBEL
THEBC DB ERROBEAPIKE  E-Tv 5, ChbsT LY AGEOEIAIRAC
Ao T B D TRRGT EERL TV D,

2 2Kksf, NEEERR L A8 RIE

Table 2 "Total bady water, turnover rate and biological haif-life

Experiment Group * No. TBW (9> " A+SE " Ty, (day)

Control 5 69.1(65.4~73.1) (.126£0.024 5:50(4.62?-6.80)
<, . Cd-exposed 5 87.7(82.1~93.7) 0.138+0.029 5.02(4.15~6.36)

Control 5 63.8(61.9~65:8)  0.137£0.010 - 5.06(4.72~5.46)
Cd-exposed E 64.5(59.7~69.8) 0.141£0.027 4.92(4.12~6.08)

*TBW ;-total t':cody “water.’ 9% of body weight

é@K%EMWﬁt%K%ﬁIID%%&Z@ﬁﬁﬁ&bfb%oﬁhﬁvéomﬁmﬁmi

SRGOEAZHBRLUTHBHZ EHE L ShD, ABOBE LI 76%45 43% ¢ hu &
TKGEPRYTDEIRTE29, Lil, SEDOKBRERD LT CRINKBOEE L Cd 7
GHCETIAEDRYSE L TEBT L LATEY, IS W TEHFLCHRHE LTS L
EXrSHHEHELT VD, ki, BRHERHLT»1EMTHY, FR2CRWTHEF L HBED
ENEo T b LR AREEOREYTLTVWALE LTIV EEbhD,
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BRO b v —3FIHEC B8 7 v AOBRBILES THECLHNORK»EL 2VFH
ZEWHEC VB Bbhs, Lo LERCBRA~AOINHYTI I b sMES L KENL
AV oy PAERIND, HEICEELTE, & L IMOBETREC L LMo GRKE O EER &
HRIRHCIT 25 2 & VSR BRI OERL ETHHY, # 0 v PO« e Wik L e
LTOERBETHS Y, ERMLEHMEOMRBCRIHCHEVNLETH S LBbhb, 4@
DRI CA EFB LI HLEKGEOHMEV S Sk T, ALHERECRNL LR SO
RN IEEYE L2 B ATEEAT LD EELDL, SHEARTHL LR YT TE
HTaZ bl v HBRERYECEYNTELAL LAY, LELUd EBoRBERO TR
THECR oS OREEAYRA L ToFlTtER 2 LETHID I,
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A Study on Water Metabolism under Pathologic
Condition Using Heavy Water
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Abstract

The water metabolism of the patients disturbed kidney function was investigated
and the data was compared with normal persons.

The intracellular water space calculated by inulin assumption for patients was
smaller than that of the normal persons. When a treatment of rapid dialysis for
circulating blood was performed for the patients. The biological half life of body
water was only about seven hours and the turn-over rate of body water was thirty
times as fast as the contrel, since the biological half life of the normal persons was -
about nine days.
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Table 1 Heat conductivity
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0C 100°C
H. 419 547
D, 306 377
H,+D, 507
N 57 76
He 343 408
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Fig. 1 Gas-chromatographic pattern of heavy water
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Fig. 2 Method of dialysis for circulating blood

3.2 FBEOFEAZHICOVT
TEACEFTLEROSMIL (F2) WRT I, 2tREOHTHRMEL 20% CHRER
B2 40% R EH T 5, MRS TREBOEECSBERED 5% THD, HMRMED LD L%
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% 2 GEOBANSE RESEOO%
Table 2 Distribution of body fluid (9% of body weight)

Composition of body water anuric patient control {(normal)
Extracelluler fluid 21.9 20
Plasma fluid 7.1 5
Interstitial fluid 14.7 15
Intercellular fluid 32.0 40
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Table 3 Water metabolism

Sample Biclogicot half-ife mean span of life exchange rate { )
anurine 7.29 hours 10.5 hours 22.6 { 5 hours)
male §.15 days 13.25 days 3.0 {24 hours)

normal {
female 9.10 days 13.25 days 2.3 (24 hours)
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Determination of Accumulated Heavy Metals and Other Substances
in Lungs of an Autopsied Chromium Factory Worker, Evaluated to

Unfavourable Effects of Hexavalent Chromium
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Abstract

[n order to obtain up-to-date results of chromium inhalation on human body,
sample from an autopsied chromium factory worker was examined. In addition, the
lungs of deceased residents of the Tokyvo Metropolitan area with no history of lung
disease were taken for comparison with the chromium exposed lung. Tissues of lung,
liver, kidney, hair and black dust deposited in lungs were analyzed by several techni-
ques.
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The results were divided into four groups.

In the first group, pathohistological studies were performed. Eosinophilic granu-
loma with crystalized deposition of hexavalent chromium were found it liver, chro-
mium in minute amounts was chemically determined in hepatic noduli.

In the second group, neutron activation analysis and X-ray microanalysis were
used to determined the concentration of elements in tissues and composition of
accumulated particulate:

Thirdly, electron spin resonance was used to detect free radicals in the untreated
black dust deposited in lungs.

Finally, the crystal structure in the black dust was analyzed using X-ray diffrac-
tion, and alpha-quarts was found. )

The chromium concentration in lung was higher than any other specimens, Mn, Co
and Sb were also high.

The result obtained by our experiments provided interesting and new information.
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T 2= AhAAD VEOREBSHORKE, FIBMLIYEED 7 » a BB L (B1),
M 3 RSN Eic A b hic BpREMLY TR T,
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1 HERORFEOFICRBcifa S hic 7 » A tREES (KD
H. E. B8, 400 f5

Fig. 1 Needle-like, crystaline chromium in granuloma (red colour), Liver
(X 400D

{2 BAER OEEESERHE D I, 4013

Fig. 2 Necrosis in the center of granuloma, Liver (x40)
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R 3 fFEsk SEERALHCALH L RYREME (5KHD, 100 f5

Fig. 3 Exogenous giant-cells around the necrosis, Liver (x100)

2.3 %ABRZ A LBRE o T RIBEO LR

(1) XS

i, B, B, EEPOWNSE L, FeounTi, Mg S 5, HiciEL s R
) (R DA FEEL THNTET 10, 12 flo BN ROV TR 2o ihag & Lic,
MR ML THREEEREIARG DRGSR E L E LD LHTES,

(2) EBEWEDHDITE?

i 8k# 0.5 N NaOH HHc THM S 7oth, He-mila DR 2@ oL, BaLBy
ELTHMEL, BT, K 7 R THSE BEBEEILTERLE, A8EER1g
W h o BEMERY RBIGERE LTROER, 2.7Tmg/MSEER (o) Thor, 0K
D 59 5% T 15 HIOFHMER 1.6 mg/MBBER (g) T0.59~3.1mg/HERER () OKH
TH o1,
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(3) THREE

7 8 ARUEXDMOTROFIIC 2Tk, B, D oWBEMES @R Ty 5 T
e tiET v, RBLKEFFHER, ETH (TRIGA-UR) o&5%% EdiuTie
B 1.5X10%n/cm?»5) RUPRERE (B FREE ™ 3x10%n/cm?-s) I THEE LI,
Ge(LD) BHE HHBEK 15%, 1332keV TOE{EE 2. 0keV) L SBEHEBFITEH (GAMA ~
AT A) LD VRAER T, FWERIOWTIL, F 1, I, B BHEboBEE £2
S DL CEBOREHROLEREYT T,

6fi7 = 2fhiTid, Elibs = aBE RS, Mn, Voo T L RSP RE Mbo RSk
FOGEEILY b Er o7, TOHEHEIRHRRCOWThA bR, Foft, Sb, Co %h-
oo MOuBEARI - L, AAPESBLTCRIB TR~ #vEBA U LB LT oo &
CHETH 0LELD, 26, SEM-XMAMC L TESWOREE (wty) i1, Mg:0.36,
Ail:8.10, Si:21.4, P:1.46, 5:1.71, K:2.45, Ca:17.3, Ti:1.02, Fe:39.8 Cr:6.34,
V:0.05C, Cr, V, FeoSBEIMOBAERCHEEL TEL T,

# 1 6ffir = 2 BEOURHEABGOTHEEE

Table 1 Concentration of elements in tissues of a specimen exposed to hexavalent

chromium
Concentration (ug/g wet tissue)
Tissue
Cr Zn Hg Se Al Mn v

Lung 309 58.6 0.645 1.00 701 20.8 2.83
Liver 19.9 163 0.660 1.76 22.6 7.43 N.D.
Kidney

{cortex) 28.7 245 1.62 4.06 70.2 5.64 0.589

(medulla) 68.7 108 0.73 1.60 258 9.57 0.553
Hair 0.40 153 5.0 0.45

) N.D.: BERRIT
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2.4 #HEMEHBEoREY

B L 0 RABERASRCT oM E T AMBORARTADEE LT, FOhD
R EOFEDOHRC OV TR L, BREE X SEHHC L 9 AR LT -1, o h
#H(KRHH L AHR tERER, 77 AownTl), BEF 2, 3, 6o TREYHR
FLAS, SRmEIR], tbkx, BENTLOMETH - TLIR/E TR, o1,

2.5 FUHLBORED

e FOfiOBBRESFLT V-0 (REF AL KECEEL TR, 6{i7 = 4
SEMinEdc o T AR YR L,

—80C KHFZERF I TR ERLEERBCL T, ARNCLRETE 2REREDD
AxE DL, BHCESERY L,

BB rET A v vk (ESR) 2y, SRCTlELL,

BRI BEOFEEE s N, Thbd R, RAUCICREEEL, HHREDEFEBCE
LHIDHERITCHD, TOFEE, RFEELPLELAFoALDARs PABHERIS, &K
FTRERSA L oD T, £ 7 P 3BIOBERC L% &% 2 505 BICKER O RS 2R
DECE L L0 TV L HRT S, R4 cHE B0 A <y  A2RT, BEVBERI T
LHARZ b THBN, R, ROFEI O HALB-TIESIRS 5006, gBFOv 7+
HREBGIEBIABRMENTVL, TORBINESI A vELErbh, gRTPRTERIAD
BEHEL L Mo, Co™, Fer2XxmatBbhd, RGP 0oBREEE hFILIrZ voBR AL
HELHBRNEE LD, L, E6fliz v afliz, B~y oBy ) BE 20 ABRERS
EOVFECERL O Endh, ERBRYBRAL TG ERYHETES, FAEBA 4 VB
O, 7 raddbbhAADIE, AFLYALEERAEM SN, CTROBBERE VT
OB TCLREC - TRIUEFEREBTL A<y r A KELTT5, Cr b EOXNH
BYyARGEEICI g T 2.0 0SB ERT LD L THa R, ARG RGBSR
AL, EHITIEBDIEV-A S b kT,

RGN 7 Y -5 vhn, REGHVEBRFERCEEIMIINLAHD 7 V2 LOFEVHEEL
foth, 6l v ADBRABTELFITERR L O 5 o h AL AHETGE L, Lnd,
RE L BRI TR, BILAKREORSRCRBEOBRICE U T, BERFOFEEYELLLE
Zhh, DroTEETRERSULRE, 75— 7 07 ADEERBFOHFER, BTG
Koo L bELLNDA—F, HEMEET oh s Litl, Lol, AREmEL LTH
T LA DTS,
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3 WMoBEEEHLOT O VIRE L ERIME A v BE
Table 3 Concentration of radicals and of paramagnetic ions in black dust deposited
in lungs
Total radical Relative concentration
Specimen A Sex Pathohistological ~ Cigarette concentration of paramagnetic ions
(Occupation) *F¢ tindings /day  Ri+R, R,
{Spin/g)*!
Y Exposed to hexa- - 18
(Worker) M valent chromium 0.56x10 ¢.84
A Cell desquamation
(Medical 78 M due to bronchitis 30 1.05X 10 1.0
doctor) emphysema
B Metaplasia of
65 M bronchiolar 30 0.78 x 14 3.7
(Non) . .
epithelium
C Emphysema 16
(Clerk) 0 M ightly) 10 0.67x10 0.48
D Plumonary "
- x .
(Student) 2 M edema 0.47x10 0.99
E
- X 16
(Housewife) 68 F Emphysema 0.57%10 1.3
F Chronic - "
{Uncertain) wF bronchiolitis 0.89%10 0.76
G
N *2 . B4 16 .
(Student) I3 M on (20) 0.21x10 0.18
H 16
26 F Non - 0.18x10 0.15
(Secretary)

*1 REWONOAEELDD 5 5,
* 2 BENRISERILATHECE -2 EXLRE,
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H&BERAERC T2 BERMO o0 —MmR

K 4 FEYDESR £fkA~7 A

Fig. 4 The whole ESR spectrum of specimen Y taken with a wide magnetic field
sweep
FRMOFE, B E—s@3T V-5, EVGEBRICIASEOANs b AT
mEA v E. EBE =106, Gain=4X10®

3 b

7 2 AOWRBREAC L HERBT LEEOEBMOMREYE L b, v FERE-EAY
TR LIz,

7o AR ERCRELT, 6ffi7 = ~OBRARB XS BEEOEMTH L, TOM,
., & BEEo#if:WBREAHEGCOVT, 7 v ARTMOTEREY RO, HEXBEEL
MBEUBYO SOV THHE Lis, TOKR, BETIIr va, =V HVyBAHLMC
B mBECERL TV, flzd, 79 2B 1250w To 20 7L 390 f5, = v 7
VIR 2.3 LW ITHE, 7Ty vidAU 3.0/ LE9fE, 227 L 38 (8
LHETH- I,

MBEKED L7 V- Fona (REFTOaL) #BELE, 5 AaUAORRC LD EE
AT0h, b, HREWEE LT, ARPCHERETS a-OEXLRCRE L,

Fto, Crv e Cr o RFHRECL T, XETHHEE (ESCA) ik h BT HA LA
HOPBRTH -2 L LRATIIEETS -1, '

HEFORCEEY R T, 67 » ot X 2RBBECHLBPRORE L FIHLIED
bhTwaELbi, HEBW6ME7 » ARERIE L&) FRREAFESRLASH TSI &,
FrREErbRBo 7 v a¥BB LA LB FEHEDRVHLVRIR TS - o, BED
SHFEXRVT, 2AMCBLSHERL, BNl Y I vHEcTs50ThH-T,
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e ADERBROLLLAGSELHET S LEHECH S, BfiLs » saFRIFEREY
BN THL 0 EEEEAL T hhbh?d, 7ra, vviVvEDESESECLI4BA
ERENEhot, LAL, HRABE~ORTHER TSNS A Tilion T, 6ffiz = 4l
BHCMMLIOBNEIhS LEZ NS D, FHBCLEEYE L T, IERL T2
7 ADREFEYERMCEH CE -0 d, KBS IMORBTHDEELD, 77 2BE
EEPICBA LI 67 = st P CIERET IR EE LB L L TE S, T 0BRSS
W, AR~ OFEF L AWVCIFROHETE S, tk, BHESO s e ABEMNEI I E
RO SHBESRT LA, TAERLTZ e A0FE~OBTER Vv 2 %,

INLOMRANG, 6fiz v A0BRAL X HAEGEED, BCBENEAbnT SRR
Az o 3 ERBREBEERUMAAOMIC, OV THERTEERYELIE, B
S FRicHET Sy R4, v A VORER, RUEOMhoBELBOMERLALA
fenk, ASAHETREGCEELILRL T AEYMLED I VR LB g, BT
NEARBIRTVE, LL, BYERTRBRTERVCEHE Tz r s RHSEHE 2T
froe t O sECHMEE, BENTHILD, BETH-T1,

& B

EAPERLETTHEY b, ESR A=7 b AOFMCIHBTR T E » %, ERAETERBDFA
OEZK (EAETRA), ESCA O RIEw JH O tofd i MBFFERT o B # iR -3 5 T BB 45
FERMAEEZRCRAOELEL T,

5 B X M

D ARED 5 8- fE mER Q977  REFRPEOEE~OFE2 70 4« 3P YA,
National Research Council (#&), FEFALERA, B, 5-8.

2 FIl @ Q975 1 = afbbd. BELORBERS 3749

3) BB (1974) I BN = AROEERE B 18, FEEZE, 16, 382,

) EIEG - FHER (1975) ) 7 = A SBEM A, B, 45, 688-693.

5) B ETeklBs  SE-BIIESE (1975) 0 7 v it X B EBhh B A B 0SS, D
kL URGs o sl EFERF, 1T, 404,

6B BT (95 s sl i Bbh ABRYITEEECEB Ty v o8, EFE0HDL, 92,
387-388.

) EHEE AFEEFSEF- KB SR B (1976) | 7 = & bIBERE BT MR, IHE,
16, 272.

R) "o BE-EAKE TSR FEME . LEE (1976) 1 7 v — ABERERHHR A LR
o 2 V. BhRE, 16, 273,

9y MIERIESF - KIS - FHEE- ARBE-TE #-BWEEF Q9760 7 - ABEREREEO M.
W, b, 16, 273.
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National Research Council (&), HH{LZERA, FTH, 36-40.
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13) KRBT (1984) | SEM-XMA @ L 2 TR, B ASHRmpass, $67 %, 95-104.

14) KERBRET (1984) . RBULARE - hOoBEEHHOR T+ 2R, EAEWEmmags, £
67 %, 121-124.
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T AEWREIHRSE, #6T S, 115120,
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Report of Special Research Project the National Institute for Environmental Studies

No. 1* Man activity and aquatic environment — with special references to Lake Kasumigaura —
Progress report in 1976. (1977)

No. 2* Studies on evaluation and amelioration of air pollution by plants — Progress report in
1976-1977. (1978

[ Starting with Report No. 3, the new title for NIES Reports was changed to: ]
Research Report from the National Institute for Environmental Studies

% No. 3 A comparative study of adults and immature stages of nine Japanese species of the genus
Chironomus (Diptera, Chironomidae). {(1978)
No. 4* Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system
— Progress report in 1977. (1978}
No. 5* Studies on the photooxidation products of the alkylbenzene-nitrogen oxides system, and
on their effects on Cultured Cells — Research report in 1976-1977. (1578)
No. 6* Man activity and aquatic environment — with special references to Lake Kasumigaura —
Progress report in 1977-1978. (197%)
# No. 7 A morphological study of adults and immature stages of 20 Japanese species of the family
Chironomidae (Diptera). (197%)
# No. 8* Studies on the biological effects of single and combined exposure of air poliutants —
Research report in 1977-1978. (1979)
No. 9* Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides syster
— Progress report in 1978. {1979)
No.10* Studies on evaluation and amelioration of air pollution by plants — Progress report in
1976-1978. (1979>
# Noil Studies on the effects of air pollutants on plants and mechanisms of phytotoxicity. (19807
No.12 Multielement analysis studies by flame and inductively coupled plasma spectroscopy
utilizing computer-controlled instrumentation. (1980)
No.13 Studies on chironomid midges of the Tama River. (1980)
Part 1. The distribution of chironomid species in a tributary in relation to the degree of
pollution with sewage water.
Part 2. Description of 20 species of Chironominae recovered from a tributary.
No.14* Studies on the effects of organic wastes on the soil ecosystem — Progress report in 1978
-1979. (19802
% No.15® Studies on the biological effects of single and combined exposure of air pollutants —
Research report in 1977-1978. {1980
No.16* Remote measurement of air pollution by a mobile laser radar. (1980)
# No.17* Influence of buoyancy on fluid motions and transport processes — Meteorological char-
acteristics and atmaospheric diffusion phenomena in the coastal region — Progress report
in 1978-1979. {19807
No.18 Preparation, analysis and certification of PEPPERBUSH standard reference material.
(1980)
% No.19* Comprehensive studies on the eutrophication of fresh-water areas — Lake current of
Kasumigaura (Nishiura) — 1978~1979. (1981)
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No.24*

No.25*
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N 32*

No.33*
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No.36*

No.37*

No.38

No.39*

No.40*

Comprehensive studies on the eutrophication of fresh-water areas — Geomorphological

and hydrometeorological characteristics of Kasumigaura watershed as related to the

lake environment — 1978-1979, (1981>

Comprehensive studies on the eutrophication of fresh-water areas — Variation of pol-

lutant load by influent rivers to Lake Kasumigaura — 1978-1979. (1981}

Comprehensive studies on the eutrophication of fresh-water areas — Structure of eco-

system and standing crops in Lake Kasumigaura — 1978-1979, (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Applicability of

trophic state indices for lakes — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Quantitative analysis

of eutrophication effects on main utilization of lake water resources — 1978-1975. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Growth character-

istics of Blue-Green Algae, Mycrocystis — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Determination of

argal growth potential by algal assay procedure — 1978-1979. {1981

Comprehensive studies on the eutrophication of fresh-water areas — Summary of re-

searches — 1978-1979. (1981)

Studies on effects of air pollutant mixtures on plants — Progress report in 1979-1980.

(19813

Studies on chironomid midges of the Tama River. (1981

Part 3. Species on the subfamily Orthocladiinae recorded at the summer survey and their
distribution in relation to the pollution with sewage waters.

Part 4. Chironomidae recorded at a winter survey.

Eutrophication and red tides in the coastal marine environment — Progress report in 1979

-1980. (1982

Studies on the biological effects of single and combined exposure of air pollutants —

Research report in 1980 {1981

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides sys-

tem — Progress report in 1979 — Research on the photochemical secondary pollutants

formation mechanism in the environmental atmosphere. (Part 1. {1982)

Meteorological characteristics and atmospheric diffusion phenomena in the coastal region

— Simulation of atmospheric motions and diffusion processes — Progress report in 1980.

(1982

The development and evaluation of remote measurement methods for environmental

pollution — Research report in 1980, (1982)

Comprehensive evaluation of environmental impacts of road and traffic. {1982}

Studies on the method for long term environmental monitoring — Progress report in 1980

-1981, (1982

Study on supporting technology for systems analysis of environmental policy — The

evaluation laboratory of Man-Environment Systems. (1982) . .

Preparation, analysis and certification of POND SEDIMENT certified reference material.

(1982) '

The development and evaluation of remote measurement methods for environmental

pollution — Research report in 1981, (1983) R

Studies on the biological effects of single and combined exposure of air pollutants —
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Research report in 1981. {1983)

Statistical studies on methods of measurement and evaluation of chemical codition of soil

— with special reference to heavy metals —. (1983)

Experimental studies on the physical properties of mud and the characteristics of mud

transportation. (1983)

Studies on chironomid midges of the Tama River. {1983}

Part 5. An observation on the distribution of Chironominae along the main stream in
June, with description of 15 new species.

Part 6. Description of species of the subfamily Orthocladiinae recovered from the main
stream in the June survey.

Part 7. Additional species collected in winter from the main stream.

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides sys-

tem — Progress report in 1979 — Research on the photochemical secondary pollutants

formation mechanism in the environmental atomosphere (Part 2). (1983}

Studies on the effect of organic wastes on the soil ecosystem — Outlines of special

research project — 1978~1980. (1983)

Studies on the effect of organic wastes on the soil ecosystem — Research report in 1979

-1980, Part 1. {1983}

Studies on the effect of organic wastes on the soil ecosystem — Research report in 1979

-1980, Part 2. (1983}

Study on optimal allocation of water quality monitoring points. {1983)

The development and evaluation of remote measurement method for environmental

pollution — Research report in 1982. {1984)

Comprehensive studies on the eutrophication control of freshwaters — Estimation of input

loading in Lake Kasumigaura — 1980-1982, (1984)

Comprehensive studies on the eutrophication control of freshwaters — The function of the

ecosystem and significance of sediment in nutrient cvele in Lake Kasumigaura — 1980

-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters — Enclosure ex-

periments for restoration of highly eutrophic shallow Lake Kasumigaura — 1980-1982.

{1984)

Comprehensive studies on the eutrophication control of freshwaters — Seasonal changes

of the biomass of fishes and crustacia in Lake Kasumigaura — 1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters — Modeling the

eutrophication of Lake Kasumigaura — 1580-1982. {1984)

Comprehensive studies on the eutrophication control of freshwaters — Measures for

eutrophication control — 1980-1982, (1984)

Comprehensive studies on the eutrophication control of freshwaters — Eutrophication in

Lake Yunoko — 1980-1982. {1284}

Comprehensive studies on the eutrophication control of freshwaters — Summary of

researches — 1980-1982. (1984) .

Studies on the method for long term environmental monitoring — Outlines of special

research project in 1980-1982, (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfer oxides sys-

tem — Photochemical ozone formation studied by the evacuable smog chamber —
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Atmosphpheric photooxidation mechanisms of selected organic compounds — Research
report in 1980-1982. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfer oxides system
— Formation mechanisms of photochemical aerozol — Research report in 1980-1982.
(1984>

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfer oxides system
— Research on the photochemical secondary pellutants formation mechanism in the
environmentzl atmosphere. — Research report in 1980-1982. {1984)

Effects of toxic substances on aquatic ecosystems — Progress report in 1980-1983. (1984)
Eutrophication and ved tides in the coastal marine environment — Progress report in 1981,
(1984

Studies on effects of air pollutant mixtures on plants — Final report in 1979-1981. (1984)
Studies on effects of air pollutant mixtures on plants — Part 1. (1984)

Studies on effects of air pollutant mixtures on plants — Part 2. (1984)

Studies on unfavourable effects on human body regarding to several toxic materials in the
environment, using epidemiological and analytical techniques — Project research report
in 1979-1981. (1984)

Studies on the environmental effects of the application of sewage sludge to soil —
Research report in 1981-1983. (1984)

Fundamental studies on the eutrophication of Lake Chuzenji — Basic research report.
(1984) )

Studies on chironomid midges in lakes of the Nikko National Park — Part 1. Ecological
studies on chronomids in lakes of the Nikko National Park. — Part II. Taxonomical and
morphological studies on the chironomid species collected from lakes in the Nikko
National Park. {1984)

Analysis on distributions of remnant snowpack and snow patch vegatation by remote
sensing. (1984)

Studies on photachemical reactions of hydrocarbon-nitrogen-oxides sulfer oxides-system
— Research on the photochemical secondary pollutants formation mechanism in the
environmental atmosphere — Research report in 1980-1982, (1985)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur oxides-system
— Final report in 1980-1982. (1985)

A comprehensive study on the development of indices system for urban and suburban
environmental quality. Environmental indices-basic notion formation — Research report
in 1984, (1934)

Limnological and environmental studies of elements in the sediment of Lake Biwa, {(1985)
Study on the behaviar of monoterpenes in the atmosphere. (1985)

The development and evaluation of remote measurement methods for environmental
pollution, {1985)

Study on citizens’ role in conserving the living environment. (1985)

Studies on the method for long term environmental monitoring — Research report 1980
-1982. {1985)

Modeling of red tide blooms in the coastal sea — Research report 1982-1983. (1985)

A study on effects of implementing environmental impact assessment procedure — With
particular reference to implementation by local governments. (1985)
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No.82* Studies on the role of vegetation as a sink of air pollutants — Research report in 1982
-1983. (1985)

No.83 Studies on chironomid midges of some lakes in Japan. (1985)

No.84* A comprehensive study on the development of assessment techniques for health effects
due to environmental heavy metal exposure — Final report in 1982-1984. (1985)

in Japanese

# out of stock

—xxii—




RESEARCH REPORT FROM
THE NATIONAL INSTITUTE FOR ENVIRONMENTAL STUDIES
No. 84
EY AEWERNREHS s
(R—84—"85)

MEFI 60 F 9 H 30 BT
R EIAEWRIREESAS
¥ 7T RETHEIAEWNRF
BRI R B T 16 5 2

iRl #edd 8 x #
ARl K A RERE — 24 — 8

Published by the National Institute for Environmental Studies
Yatabe-machi, Tsukuba, Ibaraki 305, Japan
Septemnber 1985



	R-84-'85
	表紙
	正誤表
	序
	目次
	Abstract
	Ⅰ．　研究成果の概要と意義
	Ⅱ．　報文
	１．　カドミウム土壌汚染地域住民におけるカドミウムとβ2ーマイクログロブリンの尿中排せつに関する研究
	２．　人間集団の健康評価指標としての尿タンパク質濃度
	３．　長崎県対馬のカドミウム汚染地住民における血液検査成績
	４．　カドミウム汚染地域住民におけるＮ－アセチルーβーＤ－グルコサミニダーゼ排せつ増加の意義
	５．　カドミウム暴露による腎機能障害の指標としての尿中α1ーマイクログロブリン
	６．　ＩＣＰを用いた毛髪分析法の検討と小坂町住民の毛髪試料への応用
	７．　カドミウム汚染地域住民の尿浸透圧に関する研究
	８．　カドミウム汚染地域住民の甲状腺機能
	９．　メタロチオネインの超微量定量法の開発と環境中カドミウムの健康影響評価への応用
	１０．　ゲルクロマトグラフィーによるカドミウム汚染地域住民の尿の分析
	１１．　酸化及び金属置換反応における２種類のイソメタロチオネインの性質の比較
	１２．　1Ｈ－ＮＭＲによるＣｄ－　及び　（Ｃｄ，Ｚｎ）-メタロチオネインの高次構造の研究
	１３．　カドミウム汚染地域住民の呼気中炭化水素分析による過酸化脂質の測定
	１４．　カドミウムのステロイド代謝に及ぼす影響
	１５．　カドミウムによるラット赤血球の比重増加と生存期間の短縮
	１６．　カドミウムによるラット赤血球の老化に伴う変化の促進
	１７．　カドミウムの蓄積限界と必須金属濃度への影響
	１８．　腎蔵におけるカドミウムの取り込みに対するＬシステインの効果
	１９．　カドミウム／システイン又はメタロチオネインの前投与が両錯体の攻撃投与によるカドミウム腎毒性に与える影響
	２０．　重水による水代謝異常検査手法の検討ーカドミウム暴露動物による実験ー
	２１．　重水を用いた病態時の水分代謝に関する研究
	２２．　重金属吸入摂取に対する影響評価のための一知見ー６価クロム暴露の剖検例に関してー



