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SUMMARY

The present study was conducted to find the effects of different cadmium{Cd) levels in diets
on clinical toxicity, sperm capacity and histopathological changes in rats, Thirty male rats of
Sprague-Dawley weighing 125.3+15.2g were randomly blocked into five groups according to body
weights. Five levels of Cd in AIN-76 purified diet(0, 25, 50, 100 and 250 ppm) had been fed for 8
weeks, Cadmium was supplemented with a form of CdCl,.

1. After 8 weeks of Cd intake had resulted in apparent cadmium intoxication; reduced growth
rate, enlarged kidney and testis, decreased hematocrit value and hemoglobin content .in re-
sponse to supplemented Cd levels in the diets.

2. Cadmium accumulation in liver and kidney showed a tendency to increase in cadmium-
exposed groups. The levels of metallothionein were also significantly elevated in the tissues
of liver in response to the levels of Cd supplemented (P<0.05).

3. Although sperm motility was not significantly different among treatments, rats fed Cd
tended to have reduced sperm motility but sperm concentration of Cd supplemented groups
were significantly lower than that of control(P <0.05).

4. Based on the findings from gross lesion, rats fed 250ppm of Cd were externally emaciated,
had exposed penis and observed atrophies of kidney and testis. Histopathological obser-
vation seemed that the liver of groups feeding Cd supplemented diets showed cellular de-
generation and accumulation of eosinophilic materials in the capillaries. In kidney, rats fed
Cd diets had shown tubular epithelium degeneration and lesions of basophilic materials,
while testes were weakened in numbers of spermatid and sporadically enlarged of giant cells,
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(Clausens} Rastolgi, 1977 ; Shaikhs} Lucis,
1972)2 887 Fl=E(Cd) 2 ¥d=HA ge 43S
ZHAR o] {5, =7, 1A 2 E8 59 I
A da] ARR-EA gt 2F9E A FolY Ui7lE B3l
Aol A= Cde F5AF] < 50~80%7t 7+
3} A X3 2 FAdo) sty vz A
Woll 238 A4S o8 7 EFHE BUR fEtke]
epdt}(Clausens} Rastolgi, 1977 ; Shaikh$} Luc-
is, 1972 ; A %, 1988 ; o|9} 7). 1988). F=F F
Eo) 93 T2 AT Tk, N, 719 A T =
AYPe A W3l 1Y, D, FAF, T
Al o]dz WEH Aol Fol th(Pagest Chang,
1986). FAO/WHO AE71943 M= Aele] 4
4 JteFo HAFERNE 199 57~Tlug /day=
4R8I 2H (FAO, 1972), %8 velrx e sl=f
o] AFHQA 2ol H 7T ek Rae o} glovt
1980~1990'd Ato] ¥ Ft=& AFH A= A
mEd 1909 HF 55~84ug /day® BIET Ut}
(7 %, 1989 3} °], 1986). 1= QAo &
Z¥ ¥ metallothinein @] A3} A% =o] F2 7t
A6 AL 29 A, A, B4 Fox A%
Z450 AY TEE gAY FFE vXe e
deiz e =g 54 FF4 ol 2 vy
91 metallothionein(MT) &} FAl¢l| thd B3 (Rev-
is9} Osborne, 1984 : Cherians} Nordberg, 1983)
dAMe Cdoll 3717 =58 A F2 703 AF=F
ol MTEHdol Z7150] free Cdat AEsHA He
o o] MT7F &FAYA Cdst A3t 75

(non-toxic) A1 ¥ ofvzt AL 53 Cdjd e &
T AAA A Cd dAL R S50 i3] 253
298 Jehie ez ¢d8fd. St=ES 55
Ya 2 she 49 &4& AtV 249 deE
e 2M 5A4S VvEREY B 845 A

&3ty el 2240 2= hyperglycemia, dyslip-

idemia, hypoproteinemia, %4l So] i, =3
o] Y& WP o=y Yehle S
hropathy, hepatopathy, cardiovascular disease,

O 2 nep-

osteopathy, gonadal lesion %] gt} welr sle
e Ao BAaEy AL FUMAA ¢89S
2A71e a9lew Zg3th(Friberg, 1950).

E dAFMe g4 =g FE 4 = 48
A% 12AEE D7) A HolF F=F FFE0|
#F 9 444 F53 3AH 2 A71=2F 4 v)x|
£ 9% A

z

I.xi2 g gty

1L BAISE A4

FNEEL o 453 % Sprague-Dawleyd 34
HHAZA 7Y F 1094 E¢ A4 #70 AR
o AY FEL SAYYGuXP LR A F o] FU3A
A2 7F 6uY W=t 877 B A& AAI3)
Ak A8 AHE e U FF2A Cd w271 742
0, 25, 50, 100 ¥ 250ppme] H%=& Gt A1E 7
Aol PREAFL 125.3+15.2g019 %, AN FL
AR 8L X 2] Fbe] Aol #5-5 Felstsitt.

AgHola] A3 dutdE-S Table 13 29}
ok d¥ole] duld FUdL FRIAE o] E-3ARL
©atE 9L S AR A9e Aoy,
AEFAS &5 718 AHEET ddyele
AIN-76 purified diet (AIN, 1977) iR E 7|50
2 Y7, A=E-L CACLE o439 Cdsmrt &
2} 0, 25, 50, 100 % 250ppme] HE=& H7ISIAT.
AR 2 ole] UukxAEL A0.A.C(1980) Wgoz
A8

FH NP7 F AT 137Y 2Hes 2359
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Table 1. Composition of experimental diets

Ingredient %

Casein(feed grade CP 85%) 20.0
Corn starch 55.0
Sucrose 10.0
Cellulose (fiber) 5.0
Corn oil (commercial) 5.0
DL-methionine 0.3
AIN-mineral mixture? 3.5
AIN-vitamin mixture? 1.0
Choline bitartrate 0.2

1) Contained per kg mixture; CaHPOQO, 500g, NaCl
74g, KiCeO; - HO 220g, K,SO, 52g, MgO 24g,
48% Mn 3.5g, 17% Fe 6.0g, 70% Zn 1.6g, 53% Cu
0.3g, KIO; 0.01g, CrK(SO4);- 12H,0 0.55g, and
sucrose,

2) Contained per kg mixture; Thiamin + HCI 600mg,
Riboflavin 600mg, Pyridoxine - HCl 700mg, Nic-
otinic acid 3g, Vit. A 400,000 1U(Retinyl acetate),
Vit. E(dL-a-Tocopheryl acetate) 5,000 IU, Vit, Ds
2.5mg, Vit, K 5.0mg, and sucrose,

3. Hemoglobin®} hematocrit £3

222yl §ake Cyanmethemoglobin® (¥ 5,
1084) 0.2 Z2A3lgt), &, cyanide solution Smid]
0.02mle] AL 718t F TS o EFF=A
(Jasco, Uvidec-610) & A1&3te) 540 nmeijA w4

Rgsigen, smtEagAE 99 AAS F hep-

arine] x}2]¥ capillary tubeslr mAze] ]S
ol§3ted 2/3 A= A& thE 94%#(11,000rpm,
58) A1) % packed red cell volume?] ¥¥&-&

258,

4. 7l &2

g, NG o] JI=F GFL ANEE A F
50% HCl 10mlE& 7}8led hot plated]A] # <] w}&
7HA SAAZRA Y, o] BA L wES T YA
t}. 0.IN HCIZ J9 59717 843l &}, 84
g AEE qARXE o83t sty YAFFA
(Atomic Absorption Spectrometer, Perkin-
Elmer Co.) & o|-§-3}9] 228.8nmdlA 43 %th.

5. =5|Z2| metallothionein(MT) &3

ZAZ9] metallothionein(MT) Z%-& Eatons}
Toal(1982) 9] W& ol &3t 7 =4 dAFE
& 4 (v /w) 2] 10mM Tri-HCIZ homogenize$t
th. 10,000 x gollA] 1087 A& e F 43HE 4
3t B S2oA 287 713t} 10,000 X golA 2
B7F QAR & 43d4E dojdrt, 454 & F
g H&(10~508) 2 3]43te] o]F 4004l 1.5ml
microcentrifuge tubeol] # 3§ttt CdCl,-Tris buffer
Sl 400u1E 4o] of ] Cds%=rt 2.0ul /miZt 5
A & g 1087 X8t MT7} Cddl| saturate 5
& ot MTe AgslA] & Cdg AA7 94
Onosaka$} Cherian(1982)¢] Cd /Hb affinity as-
saydhyS mhstt}, 2% hemoglobingd 200uls ¥
I Fe F3A 287 78S T WA A
23l JAEL A A, o] AL 28 o ¥HEG
F oA e Cd¥E AASE 233t} Imoled]
MT(MW 6,050 7} )¢] 7molee} Cd7} €=t
£ 7H4 8lol A MTe} & A&t

Table 2. Proximate analysis and cadmium content of experimental diets

Treatment (Cd, ppm)

Proximate analysis (%)

A (0) B (25) C (50) D (100) E (250)
Moisture 4.43 4.64 4,60 4.61 4.56
Crude protein 19.22 18.80 18.67 18.26 18.79
E. E. 2.56 2.16 2.32 2.08 1.67
Crude ash 2.54 2.54 2.64 2.72 2.70
Crude fiber 3.79 3.49 3.58 3.38 3.30
Energy (g /cal) 3,684 3,795 3,957 3,928 3,961
Cd (ppm) 0.00 23.83 46.38 94.47 240.97
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6. MALsE o MK} 2 AEA

AT FREE 3% NaCl €93 &£ £
(400~5000] &]4) spectrophotometer2 &3}
o} AA 84 AR= Missouri 3 Mayer £(1947)
o] 43I (dead-alive staining)& o] &892
AR TR w7 @gdez Eosin Y4 (Fast
Green F.C.F. stain)-& Azste] 9431 @n7 (400
vl &) o2 #go] 90% ol FAY] EF4E TF
s},

7. W] =8 ZAl

A7 & AAT L A 23S 2.5% glutaraldeh-
yde-1%, paraform-aldehyde &%323 4 (phos-
phate buffer, pH 7.3)° 192 AZAS ¥, 4%
sucrose(0.1M phosphate buffer)2 o] 1% os-
mium tetroxide (phosphate buffer, pH 7.3) A
2N 7+ B9 F 238 ©hA] 4% sucrose (0.1M phos-
phate buffer)2 23] A& 4ct. AJE =L
ethyl alcohol series(60%5~100%) 2 acetone
(100% 231) 9} @+#4& A3 thF epon 812 4
d Eu3ti 40T EBoA 197 22X 60C.LE
A 297 SRR FAY TojE 24L& ultram-
icrotome(Sorvall MT-5000) 2.2 1um F719] AH
£ wmEolA 05% toluidine blue2 @& the %
gan A (LM) ez 7t 3¢ I3y, ¥1d =
Z & t}A] 50nm FA Y 2EEHo R BHE the ura-
nyl acetate$} lead citrateZ o]|E G 3}t T3l A
A@v]7 (Hitachi H-600) &2 #3353 AR &9 3}

At

8. BAIXE]

2449 Z8E SAS programe 0]-8-3}9 Mean+
SDE& T3t AT FF A7k {A4-S AR A
t}(Duncan, 1957).

. @= 3 &

1. 8ZHeq} Ao|&F

AYRFES A5F7t} 4oja &L Table 39 7
ok APMNAA FMFE A7 Zelzt g, 8
F2+ Cd A7 eolE 3498 2% A% AFL 4 A=
F7hol] &2l Al 2pol7t UUTHP<0.05). mhebd o
T FAFLE 27 W Cd A7HrEEel 58 A=
TAFE Fol3A Wekdh dAs 7(1992) 2 FI=F
o] HA7E AFS7H %S F= 29loEE A
o Aol AFTH S5F 94 Cd FAFEe] S/
o we} frej3 oz volXe Ao E Ueytth 4]
#-&(feed effeiciency ratio)-& 2z} Ae]77tel] {2
Al Aolg R & JI=F FAFEo] 245
2olF&E FoFoz WA} (P<0.05). 2j°l&
&o)A 250ppm Cd FHFE 0.06424 =79 0.
2540 w3 =gl 2%t Aojage] Ayt Fg
RoZ Yyt Jt=F Fod] ot Fgol £3}
HE %S B A¥A%E o8 BdM & F
tH(Suzuki, 1984; A} A, 1992: ]9} 7, 1988). °]
H}& AR5 25 Cd 50| AFH 2= 2] 44
F gad 4FE uAAY =g FHFOE A

Table 3. Effects of cadmium supplementation on body weight, feed, water intakes and feed ef-

ficiency ratio

Treatment
A B C D E
Initial weight (g) 1266 + 25 1258 +14.7 1277 + 48 1252 +141 1235 + 6.9
Final weight (g) 382.7 +20.4* 3405 +21.8° 207.0 +£32.0° 2435 +43.9 1553 +41.6°
Gain (g /day) 456 + 1.15 3.84 + 0.57° 2.99 + 0.67° 212 + 0.5¢° 0.37 + 0.39¢
Feed (g /day) 18.10 + 2.82* 1599 + 279 1442 + 2.03® 12.08 = 1.3  7.15 + 0.75¢
Water (ml /day) 34.7 £ 270F 288 + 342 255 + 2.0 210 295 119 + 267
F.E.R(gain /feed) 0.254+ 0,043 0242+ 0.054*°  0.216+ 0.031® 0173+ 0.069° 0.064+ 0.113°

Mean=SD with different superscript in the same line differ significantly (P <0.05).



Table 4. Effects of cadmium supplementation on organ weight

Treatment
Organ weight?! A B C D =
Liver 3.63+0.26 3.82+0.13 3.61+0.29 3.71+0.22 3.77+0.55
Kidney 0.70%0.07° 0.68+0.06° 0.66+0.05° 0.76+0.06° 0.97+0.20°
Testis 0.9840.12" 0.82+0.23° 1.02+0.21% 1.46+0.33 1.29+0.44*

1 g per 100g body weight

Mean+SD with different superscript in the same line differ significantly (P <0.05).

Qgael F5 D diatel W AA HolEgol 7
SPOEN ASF/PT #awd 7198 Res 4y
|t

2. &7le| 24|

A71¢) BAE 2 Table 49 72th & A§oA
o] FAe St=Fe Foo o8 fod I T
A & Aoz Y}, vt et Ao A
Jleg FAF4Fo] =& Dt E Agw(100, 250
ppm) oA FeldtA HlUg Reg vt (P<O.
05). 88 FEA U £3¢ 7I=§& 50~80%7} 7+
gz ExHo don, F=EFFA /M
& 488 = A7) b AR BAlE JIEE B
A% ZLFHAT WG FAE AFToE e g
FIl=F 59 o8 A7 AR Qs s
o B Eck(Mahaffey, 1981).

3. sln 2=yl a2 9 ulE3sx|
HEZER(HD) &3 7 APl F9I8 &

13.7°
15

12

Hb (g/dl)

D W o ©

Treatment

o7} VeIt (Fig. 1). & J1=& FAAFE0] S7Hg
FE AR QA JeEtH(P<0.05). AntER
X (Ht) = Z+ A2 EZe] F93 Zol7k vttt
(Fig. 1). 7t=g0] $7185E FrEIRA & Yo}
AA Cd Oppm(A) 36.2%, 25ppm(B) 27.1%,
50ppm(C) 20.7%, 100ppm(D) 19.2%, 250ppm(E)
12.1%°19E0 4°1F 7t=§ F7HEo] 50ppm ©]
4 27V A9 folEA 24 tHP<0.05). F=
¥ F4 =2 A3 Hbst Htel e o)) 71(1988), A
3} 0](1993) & AFelAg} 2 AL HoleH o]
£ ANHIM 2Ee] F57T Cdoll g3 Aspge R
282 RIFAY. JI=F FIA FIEES AE] A
2 AR o Agite] Ao HEEFFE Wiy
829 transferrin 53 TIBC(total iron bind-
ing capacity) 7} ZA=H32 A AE B{HFE g4
HArke R (Valverg 5, 1976) & |atx]o] Az}
3 2 F gtk 23 Jl5f $Eo8 A% A"

FLEF Y7 A FRAYE L A2

(Hamilton®} Valverg, 1974) o|2]gt AE-thALA ol
d
40, 36.3°
30
®
= 20 !
T 12,14
P,
10 s
0 o
A B C D E
Treatment

Fig. 1. Hemoglobin content and hematocrit value of Cd-exposed rats.
Mean +SD with different superscript in the bar differ significantly(P<0.05).



7} Hb $Hat Htx] 7440] 932 VR ez 47
Hr}.

4. == =] FIEF B2k

b AF2A F9 H=F §FL Fig. 29 2.
ANH o 877 CdE FA% 43} 7l=f FAG5E
of wa} 23 F9 Cd 23] F43A 71t
(P<0.05). HolF9 Fl=go] k3 ARRAS =9
Z2RATE 7h2Fo] FF 34.1+6.0%, AFRHL
H 54.3+£18.2%24 AFR} A Cd £3 o)

2 A& ¢ F A

e f FoeEd nepres A5Ee] Cd T2l
A5Ee) Cd Rol?nt 2308 224 Jx7t oA
2 Foh A=ge) A F4E, o8-8 2 AN
o ¥ = AR Fl=EQe] dHt HAFR 2 A
Fgol g3t FFE werh(e], 1994), A Fl=F
& cadmium sulfate(CdSO,) 22X &o}&40] 25,
50ppm FELE 45 FHZE T APM (=
%, 1997) 7 ARZ=zAFY] Jleg £33 Fo| 47t
0.37~1.96ppm, 0.17~1.03ppme. 2 ¢ it} 7}
EEE 2842 AN A $(1995)2 100ppm
o2 9% BAPE o) k F(1997)9) &3 gn}
F& A%e veRia it
oo AFME BeFAE CI-MTS 438
& 7+e o] 27| el Ft=Fol Hls) S4o)
g 73 Aoz B9t Groten 5, 1990). & 4
ol A= FF=E(CACl) & 4olol &8st HHAAA

e e |

100
OCd in tiver
80, 8Cd in kidney
T ® -
a 7
bt 3140 37.5° ..
O 4 ) :
18.9%
16.5° |
20 101 2=
0.11*  p.2*
0 A [} c

Treatmeni

Fig. 2. Cadmium contents in liver and kidney of
Cd exposed-rats. Mean+SD with differ-
ent superscript in the bar differ signifi-
cantly(P<0.05).

7] Wi A FFEs AW R¥) B2 A g5t
I Az,

5. 2t === metallothionein(MT) &2}

ZoAe] MTHEE AAEFZERVR JI=F 5

E 2338 1mol MT(MW 6,0502.8 7}3) )
7mole) FlEgo] AFTthe SN MTEEES
T3t3eh. 1 A= Fig. 39 2t}

2 AgelA velhd 2 - e d22(A) A 23,
3ug /g livero|Qx Ft=F 259 50ppm T (B)
9} (C)AlA 2z} 51.6, 57.3ug /g liverZ x}o]7} g1
2em 100ppms} 250ppm F32¢ (D)s} (E)=
Z}z} 88.5, 182.0ug /g liver24 71=8 FoF5d
w2} MTHo) ot G342 val Aoz Yyt
(P<0.05). ol MT7} k=89 2§ 25 94314
7171 918 AR08 Jepd A2 B 4 Qltk. &
S gk MTe] sl 5242 718 249 At
(Nordberg %, 1975: Squibb®} Cousin, 1974) A
2 FF40] F4E4d FE 7139 A9 MT &
g0l A F7HE A o] MT7F 2FWelA EAo] 7
T feleSs AHsld £53 YU Add B
oflg}t 1z M Az os ¢t d =8 FY
AL FE OB £54 $3% olee A uia
of Bashs Aoz dHA UcH(Garvey, 1984). E
T A2 FtEFo] =38 3¢ 77 B AFRI4
A Ft=g3 MT7E 23E 369 CAMT =7t 5
7FE AL CAMTEo) VR Z7hs9 B ohA] B0 7

Treatment

Fig. 3. Metallothionein content in liver of Cd
exposed-rats. Mean+SD with different
superscript in the bar differ signifi-
cantly(P<0.05).



g f8 =g ool WEEo] MR o7 Ao
8- st Z71E CAMT A7t o8 283
Fo] G A3} Agsle] A XSS &A= B 7t
=F FEE4L FLAE AeR WIHHICol-
eman3} Vallee, 1961; Stowes} Wilson, 1972),

6. Hx} g=fn} Fx} 55

2o} FI=E-S 857 FAY F F4E AFNA A
A8 =g Q% e Fig. 49 2. 32
o] 8L {oAHA 2ol URAN ARAEEE =
F Rl gt Ggo] Az Yelgt. & Jt=E
Argo] 715 weE AR YE AR 2ot FRE
e AL 2ok ARG S P YEPE U
EfllE st indicator®A}(Noran %, 1998) )&
Ha e B A gz #3e HF 90%
ol FtEE A7VEE 76.7~83.3%2A v|E EA
¢l ol YUARIT Cd Fodol oJa] FAEHo] 7
28 A& & F Ut 398 FAeE 94 Cd H7t
FEo] TS fF9FHoE Al iz
(A) 1.99 u=l7t 100ppms} 250ppm ¥ (D, E)
o] A% zkz} 7,000%F, 4,000% via) 2 7k soh

A= Y& 3A o] alkaline condition® A A=
Aol Aot e Aoz delA sL(Tampion
3} Gibbons, 1963), A=kel A& {Fx7|7ke) @
3 AFA9 FAE A% FAMESY AANE K
(Shannons Curson, 1987)3 Ca{(Memons} Ott,
1981) o)&o] fET Aoz ¥A Q7] W] #
Agolx Cdol ¥z 7|7 =2do=H JF <

SRECER CIEEER D EENERE S EEL
989 ALY L $5 Z2E R 4AWT,

7. He|=FaE HA

FIEEE 857 AF A T}t A3 Fl=F Fo
FES S FRRAT BFHAHT-
able 5). & Jl=§ ¥&’t 71243 (100ppm,
250ppm) #F e} AtAQ ele 43 (emaciation)
AL N 73] 9)& (atrophy) o] FAHAT
2138 A9 A=ETAE dxedAe v F4
S X ALE Adsae Folst HAle FIY
2% QoitH(Fig. 5-1, Table 6). /=8 EAFA =
Axe) Aol YA 223 vlEsle] 1A e F
o 2% yelsa Yol 32 ot A= Fo

Table 5. Gross findings of rats administered

with Cd for 8 weeks
Treat- Cd Rat
ment  (ppm) () Findings(No.)
A 0 6 NGL*(6)
B 25 6 NGL*(6)
C 50 6 NGL2(6)
D 100 6 NGL2(6)
Emaciation (6)
E 250 6 Emaciation(6)
Exposed penis(6)
Atrophy of kidney(6)
Atrophy of testes(6)

a : No gross findings

Treatment

® E
S -]
b (=)
3 s
= 3
o
Treatment
Fig. 4. Sperm motility and concentration of Cd-exposed rats.

Mean=+SD with different superscript in the bar differ significantly(P<0.05).
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Fig. 5. Rats fed basal diet without administration of cadmium for 8 weeks.
5-1. The hepatocytes demonstrate in a row around central vein (C). H&E stain ( X 200)
5-2. Glomeruli (G) and proximal convoluted tubule (T) are observed. H&E stain { x 200)
5-3. The semen (testicular fluid) formation of convoluted tubule (arrow) is markedly obser-
ved. H&E stain { x<200)

Fig. 6. Rats fed basal diet with administration of 250 ppm Cd for 8 weeks.

6-4. The damaged hepatocytes, irregular nucleus and amorphous materials in sinusoid (ar-
row) are observed. Also, the inflammatory infiltration{(arrow heads) is observed in
portal area. H & E stain (x200)

6-5. The round hyaline substances (arrows) are accumulated in inner cavity of proximal
convoluted tubules. H & E stain ( x200)

6-6. The degeneration of seminiferous tubule and mega-karyocyte (arrow heads) fused by
degenerated spermatids are observed. H & E stain (x200)

Fig. 7. Electron micrograph, uranyl acetate & lead citrate stain (x5,000).
7-7. The hepatocytes of control rat demonstrate numerous mitochondria and abundant
rough-surfaced endoplasmic reticulum (RER)
7-8. Various vacuoles (V) in cytoplasm and mitochondria (M) of liver cell are observed in
rat fed Cd 250ppm for 8 weeks
7-9. Epithelial eell of proximal convoluted tubule of rat fed Cd 250ppm for 8 weeks. Brush
border is not observed, but various vacuoles (V) are indicated in cytoplasm
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o] ZM XM= Aol F&EH, sinusoidol A&
AH4 EAo) & Ho] 3o (Fig. 64, Table 6)
g 7Heed) IFA X 23w Hddr

A A$ Cd FA 2 dzzdAe st2f 9
3 fuEe ¥ye #3571 (o (Fig. 5-2).
FI=g F9Zores Cd F¥=d g8 29 F
A AuAdze WA 2 594 Wwo] dgsx
Rom ZFA T WA 2AGER] 45
{AtHFig. 6-5, Table 6).

28] 739, Cd FA43] dzIdMe HH=g 9
8 fdsEs WHe AFY S Ay (Fig. 5-3).
7= g Fo2dMe Cd F9559 gsr] Axd
A, gl A L AYMNEY 8ol FEHJT
(Fig. 6-6, Table 6).

T AN AH #F(EM)dAE Jl=F5E §
A3 e UzF 773 A4ASQ mitochon-
dria, ribosome ¥ rough endoplasmic reticulum¥%
o] #ALAUeH(Fig. 7-7). 857 H=F FAFY 2
#o]l A= mitochondriad] A X7} B-AE g0, A
239 A WA NN fFrefld 222 FY5E B
4] wlza & TX(vacuole)7t FAEHYH Fig.
7-8). FI=F S FH3A &L iz 439 29
FA= FEN e FAHY mMTRI B F
4 99, Jl=g R AZAdqME FX(vacu-
ole) 7} &= AH(Fig. 7-9).

ol oA & w 7hg M X WAL Jl=g 9
& Axuke] B3 F71 Fol o e WHe
2 A0 AT} A E Alo]S] BAEHS sin-
usoidell A ¢] S EA ] AFE TAHE] WA o
8 ZHNEZ BE 549 o] £49 28 3
e, =% 7t=F ¢ A& sA sinusoido]
A8 e Kupffer cello] &43td Aoz 4
ot AuAEe] WA 2% B2 W AL A
el F48 Jt=Fo g AP 48 sy,
g4 HEL =gl g8 JHALR &8 A
M xEe] BAR & olvlshe Ao 2 Aztdrt. Fl=g
o] ghfo A BT U Ah el AF A 4
€ UR7] die &4E i S 93t A
3 Az A EE A ez FRE.

£ o

NH 2

FA=E(Cd) 9] 7t 8F9 A F5 A=
9} AAEE 2 7124 v G 2AME
th FI=F9] dAAA TEF AU A% NEAE
£ 834 purified diet(AIN-76) o) CACL,E o] 43}
o Cds=7t 242t 0, 25, 50, 100 2 250ppme] H&E
E Wbttt AF 73H (HdAF 231+140)€E
Sprague-Dawley#l 34 87 305E A5 we &
A9 X P oz 6574 530 E Uro] 857 ALS
. FA Y, ABAAY 2 5% JI=F HU)
FE0) EEFE o8 At Ao UEhten,
A7 FEA AolA 53] AT} Fio] FAl= =
FrlrEe] 2&4F VUL A7 fodd A
o7} 9tH(P<0.05). Hematocritx}$} hemoglob-
ingkF A Cd H7FrE0] 2255 243U A
277 o % Aol7t JARAHP<0.05). 2olF 7=
9 75t AFzAq ] G FFH LS T 20| 34
1%, 423 0] 54.3%°103, AsES] Cd o2
o] A4F9] Cd R B} 7kt AFZF 49 &3
o] dAZ EUE 7+ X335 metallothionein
(MT) g3 thzF(A)°] 30.0ug /g HIs 250
ppm £ F(E)dlME 138.6ug /g2 FI=E &
o vt MT §42 f9% 43S 22 Ae8
yesttl, AxeEs g2 HF Cd Fo5Ed
w2t #9324 AF(P<0.05) 1AL, AA g &
HE EAAQ Zole goy} dzed HlE Cd F
ool W& Aot dW JI=E TA7t 23
Wi v e A4S B Sl A dizdd
H]3le] Cd 100ppm3t 250ppm Fof 2] #FelA ¢
3 G350 AU, 53] 250ppmF-d T2 FF o]
A A @] AT %ol FAHUG. Pz
et HAA Cdfojgaal HIAES] WA,
AT A EAlels] RAIYTO] sinusoidelH )
FAAEAY AF L Kupffer celle] 437t 43
HRAE A g CdFofeolA A oAdx
o Wy % FgAYEe] FEHAeN FME=
Cd5q] w50 oA AXAA, AANESY 4
9 AYAZY] E¥o] FEHG. wetr] F=F
A7 =Ee xR wsl] o PAEY o
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