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Abstract

This study was performed to investigate the effect of pork on the cadmium detoxification in rats.
Ninety male Sprague-Dawley rats weighing 125.3%1.4g were divided into five groups based on
cadmium treatment(0, 25, 50, 100, 250ppm) and five levels of Cd in AIN-76 purified diet had been
fed for 8 weeks. Cadmium was supplemented with a form of CdCla. During following 8 weeks of
intoxication, casein was replaced by pork and the effect of pork on cadmium- detoxification was
compared with casein. 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 response to the supplemented Cd levels in the diets. Discontinuing cadmium feeding, the body
weights were relieved. Pork-fed groups seemed to have higher body weight than casein-fed groups.
Hemoglobin content and hematocrit value became normal range at detoxification stage. The weights
of liver, kidney, and testis were decreased along with cadmium intake. However, organ weight ratio
was not affected by cadmium. Cadmium accumulation in liver and kidney showed a tendency 0
increase in the cadmium-exposed groups. The levels of metallothionein were also s:gruficanuy
elevated in the tissues of liver in response to the levels of Cd supplemented(p<0.05). Cadmum
concentration in kidney was two times higher than that in liver. Cadmium removal rate of liver
was higher than that of kidney. Cadmium accumulation of the pork-fed group was lower than that
of casein. Especially, the factors which affected the cadmium contents in kidney were Cd™ and Cd
***. Metallothionein(MT) was increased with cadmium, and MT was not likely to be affected
by pork. 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 observation seemed
that the liver of groups feeding Cd supplemented diets showed cellular degeneration 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 testis were weakened in
numbers of spermatid and sporadically enlarged of giant cells. But the rats administered
cadmium-detoxified diet supplemented pork for 7 weeks were shown individually decreased lesions

X pork

compared with the rats supplied with casein diet.

Key words ; cadmium, pork, rats, cadmium detoxification, histopathologic lesion
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+ ¥ A7E FURIA FRHE $U4Y SAATFHAY AFA271¢ AYAL LA ARPC
S AEdd MBFEANS A A7H2 £ FHAld oo gA=dAL

]

FRAEAH FF4H 7+, Itai-ltai 2] 9AE A (Clausen™ Rastolgi, 1977)2 #©82 F1=F(Cd)
< HAHA g 434S /AT Qo] §F, £F, 44 2 28 59 FHA de ALHz ok
24" H4EFoY diZlE F3 AU AYHE Cde 5% o 50 ~ 80%7F 73} Ago] Ex3)
2 3 540 ZAsty vFojgz A FHE AL o8 A E#EMEY HEK ERel Jvehdo
(Clausen® Rastolgi, 1977 ; A %, 1988 ; o|s} 7. 1988). FI=§ 59 g FA4L AFgA, W
Y, T3 A% T Y Wz} 18, g, FAE, F3A3A o)A UEul Fe Fo
AtH(Pages} Chang, 1986). FAO/WHO HEZIA3e e A9 A$ sl=F9 HFsHLHAE 1
A% 57-Tpl/dayR AR 3}H o9 (FAO, 1972), $ElUetdA e Ft=go FZAHQ HolHdAFN g
BaE obF glou 1980-1990|d Ate] A Jl=§ AFH AH RAle] mEW 1909 HT 55-84ul
/day2 B2ansla It %, 1989; %3} o], 1986).

I=ES AW F4¥ ¥ metallothinein ©¥A7 ZAgse] F2 3 AFo] &HH3 29
A, AY, FAFAE 2F FH59 AU Z2E dAte] gL mAE ez gAged s=
F EAS 335 o2 & ¥AQ metallothionein(MT)2] @A o] th§t B i(Revis® Osborne, 1984)
AN E Cdol A7 =248 A$ T2 27 AZzHdA MTEA O 2715 free Cdat dEstA o
6 o] MT7l UM Cdet 2§ty EBEAL Folugt AFAS 5 CdldS §& 5 Awy
A AW Cd dAF R F50 ois 233 33E Ul AR gt =S 84 "aE
e A4 AL AdNAY =AY FEHE WAL ZAN BAHS el Bie A4S A
gt Yetue F4S2E hyperglycemia, dyslipidemia, hypoproteinemia, A3 oi%ol Ux, £ 9
& WHIdAFgoeZAN YElUdEs FA4OoZE nephropathy, hepatopathy, cardiovascular disease,
osteopathy, gonadal lesion &°| Stk wWetA F=EEFLS AW BEXRTG RS F/HMAA $3&
2N E 8oz 43t (Friberg, 1950).

HAn7e dZ2FH qriA] AEXNEE AT RHFECE it &850 g 53 3
Welu 71#A A% AR A, 2o F¥ Tl FEHJUEL o, tiriede] A8 =49 A
A ZF3e 7Y REZFEH, GFE FH ANF O E X 2r 7t £ Aotz ¢
A . olgtFe] AL NP oRE FFL AAYL @A L= AT ol WE T
g ZAATIE AY o] FolAR ¥tk wEtM HAm) HFHAV FE Sl=ER 98 F5L HE
Al71eA Y R et O 713E FEstnst £ dFE AASAT.

—100-



HE R G

1. IANTEF 4840]

FAEEL o 4539 Spraque-Dawleyd 54 JFHZA 0+E FUste 74 A4 87340 3
SAATD AY FEL gFJYguiAHez AFo] FUHFA AT 18544 wWA}HAL 8FT F=
AYPL AAEEY. A HEdTeE A £2F524 Cd =71 47 0, 25, 50, 100 € 250ppme] HE=E
Bt AY ALY HEFAF LS 1257116g0I AR, AAAHFLS BARA SRS M TR FolfF
& ¥93dct. AYPuX = Table 13 2ot

Table 1. Experimental design for intoxication and detoxification of cadmium

Intoxication (8 weeks) Detoxification (7 weeks)
Treatment | Cd (ppm) | Total no. of rats Treatment | Protein source
6 sacrificed
A 0 18 6 AC (6) casein diet
6 AP (6) pork diet
6 sacrificed
B 25 18 6 BC (6) casein diet
6 BP (6) pork diet
6 sacrificed
C 50 18 6 CC (6) casein diet
6 CP (6) pork diet
6 sacrificed
D 100 18 6 DC (6) casein diet
6 DP (6) pork diet
6 sacrificed
E 250 18 6 EC (6) casein diet
6 EP (6) pork diet

dPHele Ed FLL AAYE o)LL FF3E FLLS S$44 ARG HAge AL3ge
o, ARFAE S5 718S At A¥ 4ol AIN-76 purified diet (AIN, 1977) WEEE 7
o2 35 3 HolFY sucrose ¥ 10%E Foln 54 AR YAFP o F=EFLS CdClL
€ o83t Cds=7t &z 0, 25, 50, 100 ¢ 250ppme] HEE Hsletdnk. Ay ole YuzHR e
AOAC980) Yoz EA43Ed. AE7N F AFL 139 BFoz A8 HAF ¥ 43
2~3Y BFoz2 FAFH
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8F ¥ JI=E FF5 ANE U] St 7 AT A=z 654 HYAL F A3EA
=4S AN Ln YrA 1248 992 F HUTLEZ e EF 04T S ALz HEF A
£ 7F% AARgD. @5 AY 7dede SEEE ° oy FUeA gten, d¥4elq oy
94L& A A F(AC, BC, CC, DC, EC)# sixa7] AgTe2 AD(AP, BP, CP, DP, EP).
An7le FHAAE AAs7] A8 4L Aoy FAE FF AY ALA HAY F o] &}HEd
ANEE AL AHEEUE Wg 98 @id #Fe] HeEE 2T § &S A2
9 $8(659%) B 9¥F FF(359%)¢ 1ty dd FHo2MY A 0%E BF A1
Z A AgHelde && shAxnr) 557z & HrbEA

E:
s
]

2. 449 2 248 &4

gdo HHE A FERAYA HAE 1227 AL F dH22 oHAA EF dFHez iy
el HEd FAZI22Gx14)E ¢ 10ml AE ALY o ARI2F HriEa A FH4 A
43k A7 AAE A AFE HEA 09% AHAEFE YL Addin A9 FAE
F3% F YErasdt

3. Hemoglobin3} hematocrit &%

ey e Cyanmethemoglobin® (¥ 5, 1984)e.8 &24sigel. viEmgdxE €48 A
g ¥ heparin®] A2 capillary tubedd X ZAE2 HAE ol&Fd 2/3 A= AL oL LA
(11,000rpm, 5%) A3 ¥ packed red cell volumed] WE L& ZAdYh

4. 3719 St=F §F5A

133 AZY JIEF FFE ARE I3 F 50% HCl 10mlE 718t hot platedl ] A9 ot &
4 7tx FEAZE A o] RAE HEY F YA 01N HCIZ H3Rszx] 345 &,
ANE ABE odFfxE o&sd ogfdn  YA3FFA(Atomic Absorption  Spectrometer,
Perkin-Elmen Co.)& ©]&3l4 2288nmelA &4 &t

5. 7t9] metallothionein §F&H

%2 %9 metallothionein (MT) &3 & Eaton® Toal(1982)2) W& o] g3tqiry. 3 23 44
£ #H3 4vl(v/w)9] 10mM Tris-HCIZ homogenize¥th, 10,000XgolA 1083 A4EIT F A2
& F3d FE FFRAA 28T I 10000xgolA 28- fAET F A5 4E dojdith A
24L& AHGu200mM-500)E  HA8d  o]lF 400uLE 15ml microcentrifuge tubes] & #tl
CdCl-Tris buffer&<9 4004E 4l ool Cd 57} 20u/mi7t HA4 & o4& 10870 wxse MT
7} Cdel THHEE ok MTS ZAgstA ¥ Cde AASY 98] Onosaka®t Cherian(1982)¢]
Cd/Hb affinity assay Bd< stttk 2% hemoglobing ] 200 & ‘é’e‘“’ :'-r%‘: A 287 /1Es
F 3AA7n A4S JAAES AADT o] AL 24 o HEY F A3 A Cd¥e
AASE £ ¥ 1 moled] MT(MW 605022 7+%)9] 7 moled] Cd7} %c}-t— AR sl A MTe %
& A& F A, 199).
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6. Bel=H A JA

A8 AAY oL Z2A 2L 25% glutaraldehyde-1%, paraform-aldehyde EHILHY
(phosphate buffer, pH7.3)el 197+ A 2AY F, 4% sucrose(0.IM phosphate buffer)Z o] 1%
osmium tetroxide (phosphate buffer, pH7.3)elA 241+ ¢ ¥ 1483 Al 4% sucrose(0.1M
phosphate buffer)2 23] A& et AHY Z3 & ethyl alcohol series(609%~100%) R acetone(100%
23))9] 253HEL AY & epon 812 FAo] Erjsta 40T LBAA 193 a8 60T A 2
A7+ =FA A $xlo] TujE 2R yltramicrotome(Sorvall MT-5000)2.2 1um F49] UL VE
o}4 05% toluidine blueZ A% ot FHAnAAMLE Z 22 & 4R, FAE 23S ¢
Al 50nm 78] ZetaBoez = e uranyl acetated} lead citrate2 o] Z g M3 B3I Ao
7 (Hitachi H-600)2.2 #&slxn A3 #<stgch

7. $AAE

739 A8E SAS %7 package programg ol &5t RStk AY Hole) Azl o 4y
A%e 4 9 JTH EFLAE AL, & T HEA9 vIe 2F 2L ¥ F AT
kel #94& Duncan’s multiple range test2 ZASAT. ZEF LFIACEFE A9 Cd &,
Pork: 315 Ao ©@9d F€)o 933 o]59 4E5HE(CdxXPork)o] & dFL o=0057FAM o]
Aux] EAE2H (two-way analysis of variance)2.2 F24& HFA s Y}

R R R

1. 28 40], A&, Holx S

FIEE FEEAYH ] 2L =g S AYstne AT ZAolst e

FIEE A54 AP0 HAm7] HFL AAUE ALEHe st FIE @A gkl Y
2=E nydld & sixar] 557g & HUEsIHEd & AEIVIE(DM basis)e 2 Fasld 4e
HA 27 FHFE 245g0] €rh o)} g& A2Z ZAHH 4ol= 2gye] 4+ 18%, I L 3900 cal
W2 Zolst iUk FHAIY H7t siEHolst A ny] AUl fEHe] o E, AW, 7 T
A FoHQ el QU

4 $29 AT F7tst Yo L& Table 29 Atk AP olE Fosy] A BAEHE T3l
o & AFTF Bl AF A7t ASE FAsUT 8F FUA J=F F5E 48 Yo g FI% 2H
HAE AZL Z4 AT Bo] F44A )7t ARt ol T JI=F FHo] 4 AF FaE e

AFidME BaEdch(A= 3, 1992).

4] && (FER=weight gain/feed)® 2+ A& Zrlt}t §93Q Aolg Bged st=gY 55
of EE&FE HolA&e F¥oz YolA B/ppm FEH AT ASE YzRTH S35 2e)7t
ey S0ppm FHEE HIMEREE HolA&o] F73 AstEol 250ppm(E) AgolE Hojagol

-103—



00642 1hst TZZS) 02540] W& 4} o4 Re RO vehgoh
Fol Aoz Ho) HAY 2ol ¥ AAY, N=F FFe AW 9F2e) F4
o Wsrh 4A Nolage] FAROIH 4FEC| B WELE YU,

Table 2. Body weight, and FER of cadmium-exposed rats for 8 weeks

Treatment Initial weight Final weight FER

Cd (ppm) (2) (g) (gain/feed)
A (0 126.5+12.6™ 334.8+44.1° 0.254+0.043"
B (25) 1246+17.2 340.4%50.2° 0.242%0.054°
C (50) 125.4%16.1 299.8+32.7° 0.216+0.031*°
D (100) 126.8+18.8 2436+54.0° 0.173+0.069°
E (250) 1235*11.2 1553t 41.6° 0.064£0.113°

=1}
=

oy AAEL EF JI=F F

A

Mean* SE with different superscript in the same column differ significantly(p<0.05).
NS : not significant

HEo g3 AFHAE Table 3% ot FI=E FHE FUSHIL @ F AFIEL F438 ol
ozler sAxnr] F9F(AP, BP, CP, EP)9] 7% DPE A9 1A FA92ol vl3] HFAF o]
It ERoY FoHA Aole .  J=FO A FH A Rez Yt DAYE
(100ppm)} EX 8 Z(250 ppm)I M & Aol & &0l dl$ 4. oA &(FER)NANE HA 17| F4T
o] 7% DPE A9tz 71A1¢ F9T uld] 4B & £ & vy g AgFdae #9
HQl AolE Holx 9sta, BPY BColM T t-test oA FZHQA 2ol Bt

AANFY BAFE FHNYE 42 FI=Fd FEE AL FI=ES ¢ ol HFEHA god AFF
Fo] o]Fojth. 28y 50ppm 029 ¥S FEZ FEHAY AL JI=F HIHE Fosid AALA
& 537 A8 Holago] v 43 ASAFVIN B¢ HAnrE @A FHe2 § Axs
FHAQ F48Y v AFFA0 o ¥ BFE B24dh
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Table 3. Body weight, and feed efficiency ratio of rats administered

detoxication diet for 7 weeks

Treatment Initial wt. ¢ Final wt. t FER t
(g) test () test| (gain/feed) test
AC 405.7+49.9° 517.4%61.2%° 0.09£0.02°
AP 4034+18.3° 520.0+45.3° 0.09£0.02°
BC 368.3+£36.0° 501.3+45.3% 0.11%0.02°
BP 354.7+426% 5258+54.7° 0.14£0.07 )
CcC 3125%405° 477.2+96.4 0.13+0.06%
CP 306.8+20.3° 483.4+53.2°% 0.14%0.03%
DC 249.0+76.3° 469.1£56.6™ 0.18%0.03**
DP 246.6+355° 442.4+39.3% 0.16£0.04%
EC 172.0%54.6° 363.5+30.7° 0.19£0.04*
EP 154.2+17.3° 4155+ 46.8% 0.23£0.04°
Significant e es
factors Cd e ¢d

2. 9222 $IF AvtEaRA

7IEE 350 94 =22y §FH JnEARX e BEF JI=F w2 HHse ¥38 24y
HTable 4. 7t=F T2 A8 JnIF2W FFI} HrlEIRNA Z2E ol (1988), AH} o
(1993)8] AFIME Yetved, ole 37 WelA B8 {47 St=g4 J8 A8 gL Rez
A4HAT. FH ol QAL AF AYol& FAT A 423 the& A4 YEuinh

5 JIEEY FHAES VU0 BE AHTAAN HRIzWE A3 FAFEe2 FrtHd
AT Aol o}FH ZAolg nolA] AgEd o)t F7] WA FEY =g FU FFEAIN A
2 BAXMoE L3 AW Fe BfFo] #H2ETE HED dXdte A2z o o4 s=Fd 9
T FE FF AN FEol YolAEA HEZ2o] ANFAE HEF Aoz B 4 ot

APEARALE e YoM NEF F5 Ao 366~130%0] o2& YL HHE UYEHS
Y, A5 Fole 302~332%2A4 2E AYTAA HEW Aoz deged st M Z(AC, BC,
CC, DC, EC)ellAl ot sixlzy] HelZ(AP, BP, CP, DP, EP)dA sIntEaqxs} 4oz ol
A2 YeNt IAvEAINE o 4F $EEFE 2 45 FAEe 54 J¢ 4o A
UEtA skt

3. 37]9] 4

2719l FAE Table 53 2tk 9 total weights 715§ Folo] et A2 welAA T =
of m& 19 HE, F FY AF 100go2 U e F=F Foo o8 g vx 9= Hoz 1}
Bttt A% ¢ =g Fod ©E 4% T Aok MaF W2 FASA vyEEAD 2
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100g 2 FA€ 250ppm AYTE)E Adstne HFTL o7t veha ¥t &, JI=F

oo oa] A9 total weights FEY LY MF 100g B FAE 250ppm AT (E)Y A J=F
o 93 &Y. BL TAE J=EF Fod o3 AF FolAA, 7}
ANe g A vE §939 Holg BddFHey AF 100gF FAE 100ppm FHT(D)NA

74 A dEiETh

=EE

250ppm ¥4 F(E)]

Table 4. Hemoglobin content and hematocrit value of cadmium-exposed rats and
cadmiun—detoxified rats

Intoxication Detoxification
Treatment Hb Hcet Treatment Hb t Hct t
Cd (ppm) (g/dD) (%) {g/dl) test (%) test
. AC 15.6+4.97™ 34.8+491%
A (0) 23.2+423* | 366%5.17
AP 152+7.15 35.2+3422
BC 16.8%5.16 332%4.01°
B (25) 153%3.20° | 27.1£3.80°
BP 17.4+2.89 38.2+2.18%
CcC 154+4.29 34.4+3.65%
C (50) 12.3+£3968% | 20.7+234°
CcP 148+3.77 37.0+£352™
DC 17.1£345 348+4.27%*
D (100) | 917+328° | 11.9%4.20°
pp 1381268 3411201
EC 13.8+2.96 33.7£155™
E (250) 726%2.18° | 13.0£427°
EP 16.2£299 3631192
Mean*SE with different superscript in Significant
the same column differ significantly lgiutican Pork®
factors

(p<0.05).
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Table 5. Organ weight of cadmium-exposed rats for 8 weeks

Treatment Liver Kidney Testis

Cd (ppm) | g/100g bw | total wt. (g) | g/100g bw | total wt. (g) |g/100g bw| total wt. (g)

A (0) 355£0.21™ | 11.98+055" | 0.67+002° | 226+0.04" | 084+027°| 317%0.23°

B (25) 383+0.13 | 11.40*176" | 0.68+£0.06" | 2.01£0.25" | 0821023 | 291+0.25°

C (50) 361£029 | 10.13£151® | 0661005 | 1.86+024° | 0.85+041°| 3.07£029°

D (100) 370+022 | 879%232° | 0.76£007* | 1.76%£029° | 1.46%034°| 3.30+0.14°

E (250) 390+048 | 4.09+143° | 112%£016"° | 1.14%025° | 1.01+048* | 117+084°

Mean*SE with different superscript in the same column differ significantly(p<0.05).

g8 ASAE F A7IFAY WE EA(Table 6) 3, A%, B4 59 "?'-
FFEFOIReY A7) FAE AFo2 Us A& =g 3 9L 1
9 A% AF 100g ¥ FAE 250ppm A F(EP, EC)dlA Eded E,—fs] 25
AMEHelzA $ixns1g 438 EP AEdA 74 gt A%e £4 94 AF 100g -‘i’-ﬂl-‘-‘c
250ppm M & T(EP, EC)7} th& Ao wla] £& ez veyr

Table 6. Organ weight of rats administered detoxication diet for 7 weeks

Liver Kidney Testis
Teatment
g/100g bw t-test; g/100g bw t-test| g/100g bw  t-test

AC 3.30£0.20™ 0.59£0.05> 0.34£0.03%

AP 3.15+0.15" 055+0.10° 0.37+0.10% "

BC 3.08+0.26° 057+0.03° 0.35+0.01>

BP 3.17£0.21% 0.56+0.02° 0.33£0.04° )

cc 3.30+0.25" 0.61%0.05% 0.37£0.06™

cp 3.15£0.15™ 0.60£0.03* 0.35£0.05%

DC 3.32+0.25™ 0.63+0.07™ 0.36£0.04™

DP 3.30+0.39" 0.66+0.04%° 0.41£0.04%

EC 3.46+0.23° 0.71£0.05° 0.46+0.08°

EP 3.80£0.33 0.72+0.07° 0.42£0.05%
Significant . . -

factors Cd Cd Cd
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4. 37123 AA=F FHF=
7}51.‘?— 5 2 8= JM T3t A 27 F9 FH=F FFL Table 73 2o
AN $2Fe FAHLE FYsHA Zol7h AU

HEE HAF)

lr_...o..
TET

Table 7. Cadmium accumulation in liver and kidney of cadmium-exposed rats and

cadmium-detoxified rats

Intoxication Detoxification
Treatment Liver Kidney Liver t Kidney t
Treatment
Cd (ppm) (ppm) (ppm) (ppm) test (ppm) test
AC 0.04+0.04° 0.14£0.09°
A (0) 0.11+£006* | 0.22£0.15° . *x
AP 0.05+0.06 0.32%0.55¢
. BC 6.6411.27% 14.41 166
B (25) 101£237* | 182%4.45
BP 483+1.01° 10.60+1.83f
cC 9.39+2.48¢ 21.32+7.37%
C (50) 155£530° | 31.1%£11.2° . *
cP 7.75+2.21 16.37£2.33%
DC 13.00+£2.22° 30.40+651°
D (100) | 375+9.81° | 52.1+9.17¢ . *
DP 16.14%3.10 25.04+1.99°
EC 1951£507 40.36+6.64*
E (250) | 91.3+31.8° | 956%19.1° .
EP 20.89+4.24° 30.88+5.33
Mean+SE with different ipt i
thean v;n difc;ren .sul.):rscr;p n Significant - ca™
e same column er significantly factors CdXPork™
(p<0.05).
a8y 7+e] A% 25ppm(B)T S0ppm(C) M TS WR T vd L J=F ¥HL HgAn B
AFQ fele At 4 2HqM9 27 FEE BY AFZL ToM B ¢ 28 AE ¥ R
2 Yt @y 250ppm AHZE)Y A A%} BelMe Y FEs s 202 vehy

ooodE A 2 AR Fo =g FHE
A B4 FEE
£57h %A B we

53
A7
79

AgelM g =g HE5L

Aez ¥z =

Ty
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5. 7+ 3 9] metallothionein(MT) 3

FIZEZE 2O HEAYAN vErd T 2F o MT &3 d 3+ Table 83 o}

PZ2ZA)Y JI=F §2TE 233ug/g oY FEF 25ppmF 50ppm FHFANME &4 516, 57.3
pg/g 2 A7 fen, 100ppmF 250ppm FATFANE 47 885, 182.0u/g BA JI=F FAFE
of mel MTEAl 48 J8e A Aoz Yeldti(p<0.05). ol MT7 =g 4% F5&
S8 77 §§ AYgRgoz Vet Aow BS gled FFE i@ MTY sz 71ze
(Nordberg 5, 1975: Squibb# Cousin, 1974) AWE FF&o] FFHA F2 33 UM MT ¥
Aol 2A Z71E 2 o] MT7F ZA WA Ao 23 felFT4d FHsld F531 Yz HEAd
moolyg AR AFzHoze Sk X xE FF AL B4 FEA FITE oY A
thito] Bejdlz Aoz 43 A UAHGarvey, 1984).

A5 d3tg B H=F 5ppmP S0ppm FETY AS AF9 t-test AFH A FAUS =
7)o} g et Qe Re g vehgey 100ppmt 250ppm FHATY Aot ¥a® o oA o
#Adol Aog Aoz B

Table 8. Methallothionein(MT) contents in liver of cadmium-exposed rats and
cadmium-—detoxified rats

Intoxification Detoxification
Treatment MT (ug/g) Teatment MT (ug/g) t-test
-+ '
A (0) 23.3+14.1° AC 2504%10.59
AP 2127+ 866"
BC 64.73£1751%
B (25) 51.6£40.0° *
BP 60.68* 6.12°
C 85.57+31.71°%
C (50) 57.3£459° c . *ok
CP 8784t 6.24°
DC 90.58 = 41.52>
D (100) 88.5+39.5% be
DP 106.76 £15.83
+ a
E (250) 182.0+131.9° EC 150.82+ 6.33
EP 115.38+18.55°
Mean*SE with different superscript in Significant
the same column differ significantly lfmtlcan ca™
(p<0.05). actors

6. 3= P4}
FIEE THHIE 8FT FHNA T4 A J=F FoiFEs Suzide FBBA B
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#EAHTable 9). & 7I1=F %71 71255 839 Az dde F38xn 433 339
$)Ze] BAFHATL. TR AS JF=F TN WERTANE S T2 dFAF HE e AYF
IE Eojd ¥WHe #FY & A Fig. 1). F=F FAZAAE Fx9 ZAole A =T
HRsle B Fl=go] 9% HARAHEHY we] BFHI UrHTable 10). 479 ZF$- Cd F3
g HERTAME Ft=8d o3 $2HE ¥ FTY 7 Aoy (Fig. 2). FI=F FH42AM e
Cd %% gaA 29 FTAxH FYAZe ¥4 L 594 Pde] 353 9on 29FAx
# WAdA 2A%Ede] 4 HAHFig. 5, Table 10). TE2 A S FI=F FLAFIAE AXT¥EAY,
AA NS 24 R AGAEY &80 BAHATFig. 6, Table 10).

AAEr A FFEMOME H=EEE 5937 g d=2dY 33S FAHY mitocondria,
ribosome 2 rough endoplasmic reticulum% o] TEHATH(Fig. 16). 8F3 FI=F Fo T HFolA
* mitocondria®l A} FE7F #EHAoH, XA AY UAANA FHE A2 FHHE B $
o] #la3d & FX(vacwole)’t BRHAX(Fig. 17). F=F FHRATY 2HIFAE AAAZdAE
B ogFTEs #32E 9E, JIEE FATZY AXddAEe T2 #EHAFFig. 1.

B8 =g AEH2A casein® HA 7] FHolE FAZ HFHNA ¢ BEES FRAY frg
A7F 90 tHTable 11). #S5e] o WX AFAHE Table 129 #oh. JI=F FHIM4 o]
g 833 Fdstn AFH2AM 73T HALY] Rl FAE Y= dFIMe FAHAE F
Aoz TMEr 482 FEHo glod, £33 yo] AHX Fut(Fig. 7). 25ppm¥F 50ppme]
FHEF F4ZAME HA27] FAZolY FAYL F92AA FHE Feolg FFY 4+ ddh. 27
Y 100ppm 250ppme] FtE=F FoT9 2§ M FH9TY FFIME AR AYFH BEY F
99 dFAE P&l #AY v (Fig. 8), HA 7] F4 29 TANAHE d2ZY 3F AFA &
9+ AAY FA AAL FAHoE XY} ¥ HPH SithFig. 9). AR A5 HEHelz
A B2 FHAelE FAT dERT FFHAMT AFY ATFASL 29 FHxBAA FRT HH G
2 $7F it 100ppmd FI=E FAFNA FHAQd FHTY AR AE S FATE F9A
2o QA A 489 A3 Edo] FAA(Fig. 10) ¥A S 27 FAFAME dx2FY A
3 YA F3d ¥uo] UehA fstch(Fig. 11). 289 F$ sxnr] gadolg Fo% =z
Z FME FRHE HUS #EY £ 2t 50ppm FI=EE FHTY Y ST M E
FAxY FFA AR YehtA @3 e (Fig. 12) ¥ X 27 FoZAME R i
3% 7 YAHFig. 13).

AAE0ZH FFEM) A 250 ppm FFEFFATAA FHAAITGTEY TFAME THAER
A 3 ABUYAZ Y fEE ez FAHHE AV 9GS FE7F gFE(Fig. 17) R
7] FAZAAE FRI yuol UehA ¥}th(Fig. 16). 250ppm FI=F FTAA A F9
29 A% 29 FAxY FHAXANE 277t GU%F FEI AxddA FHE(Fig. 19) vHE 5
A7) F4TY oY FHAT FAREAME FRTE FHe] FAHA gth(Fig. 18).

o] 4 B ZAHH FF FAAA F=EY = BE FdEs TAX AAF HEFE 7
AL Fl=Fe] FE7F BolAA HHNE 2229 f5F5HE 23 3¢ #HAD} AR =
B A5 AoE 3T AFAAE A F Hed Fdo] velvdan ey A% FE
ZAF St=F HAFTo] Rolx S0ppm FHEFE FATAA FE I Zolst vElY: QUok sl=F 9
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& 48 HEE 9uste AxBe 3EAHE Sppm FHIAN REH Jl=E FAIAA A
gFH3 gk, n@dHE AFF 3FF e FoLFHd @ adv v JAE AT
250ppm FAFAME 72 FAZAN A3 BE Ao JAprh dFHT AUt WA 2@
Aoy AT o] F=Fo APsA FAY Te HARYY #AF5Te] 39 250ppme] L &
Zo] A W zol7t gl e F o dFdek @ A2 Algdo

Table 9. Gross findings of rats administered with Cd for 8 weeks

Treatment Cd (ppm) Rat (n) Findings (N)
A 0 6 NGL? ()
B 25 6 NGL® ()
C 50 6 NGL? (6)
a
D 100 6 NGL" (6)

Emaciation (6)

Emaciation (6)
Exposed penis {6)
Atrophy of kidney (6)
Atrophy of testis (6)

E 250 6

a : No gross findings
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Table 10. Histopathological lesions of

rats administered with cadmium for 8 weeks

Treatment
Organ (No. of rat) A (6)| B (6) C (6) D (6) E (6)
(Histopathologic)| Degree of Lesions* |- ||+ |- ||+ |++|- [£|+ |++ :+ — ||+ |++ :+ — ||+ [++ :+
Liver : Cellular Degeneration 610012(0(3{1 {00133 |0 j2i0(4[0 {0 [0l0|5(1 |0
Focal Cellular Infiltration 51022120 {50100 11 {212]|21]0 [0 |3(3 |00 |0
Eosinophilic Material in Sinusoid |6 [0 [0 {0000 |60 (0|0 {0 [6[0]0]0 |0 |510(0(0 |1
Kupffer Cell Hyperplasia 6010001010 60|00 JO |6[0J0[0 |0 {50110 {0
Kidney : Proximal Tubular Degeneration {6 [0 [0 [5i0{1]0 [5{0 1 {0 10 |3({0{21 |0 |0{0([33 |0
Proximal Tubular Regeneration {6 {00 |1]2(3|0 |5[0(11{0 |0 {3(0]3(0 [0 |[4[0[21]0 IO
Proximal Tubular Dilation 51050110 (20311 |0 141020 [0 {4[0(2]0 O
Focal Cellular Infiltration 6100l0(10[6[0}10J10 |10 |511]01]0 [0 [6[0[0]0 [O
Fibrosis 610i016j0f00 [6[0J10J0 |0 |[6|0f0f0 [0 510[0]0 |1
Testis : Spermatids Degeneration 6101013101310 [2[013{1 [0 |1 [0[2(3 |0 [4[0j0]1 |1
Decreased Spermatogenesis 6100160010 (40211 |10 |510(1 [0 {0 [1[012(1 {2
Giant Cell 610016000 [6[0j0J0 |0 l610]01]0 jO |2[0[31 [0
* - :@no lesion, = : slight lesion, + : mild lesion, ++ : moderate lesion, +++

: severe lesion

—112-



Table 11. Gross findings of liver in rats administered detoxication
diet for 7 weeks

Group| Protein source Rat {n) Findings (N)
Casein 6 yellowish, swelling (1)
A
Pork 6 yellowish, swelling (5)
Casein 6 yellowish, swelling (3
B
Pork 6 yellowish, swelling (4)
Casein 6 yellowish, swelling (3)
C
Pork 6 yellowish, swelling {4}
Casein 6 yellowish, swelling (3)
D
Pork 6 yellowish, swelling (3
Casein 6 white cyst {1 ~2cm)
E yellowish, swelling (2}
Pork 6 yellowish, swelling (4)
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Table 12. Histopathological lesions of rats administered cadmium detoxified diet for

7 weeks
Organ Group A B C D E
(Microscopic lesion) Treated pork(%6) | 0 {100] 0 [100{ 0 |100] O [100| O | 100
n 6|6 |66 16| 6|6[|6|6]6
Liver
) - 6| 6656|666 6] 6
Cellular Swelling . olololi1lolololololo
Fatty Change - 6| 6656|666 |6]| 6
++ ojofof1]0j0|10]0]j0]O0
Cellular Degeneration i 616161616/ 61616715)6
+ ojo0fofoj;0j0jJ0O0]JOY(L1]|oO
Abscess - 6|6 |66 |6]6 6|6 |5]|86
+++ o|jof{oloOoj0j0]0}[O0O(|17]0O
- 6|6 |66 5|6 |4|6|5]|6
al . + oyofofof1j0j]0]j]0]|O0F}O
Focal Necrosis . ololololololzlolilo
++ oyofofofojoj1rjyof|oto
- 516|6|6 | 4|]3|316]|3}6
Focal Cellular * 1001012 (3]0]0}0O0
Infiltration + o(o0fOofO0OjO]j1]J]0]0O]|1]|O
++ o(o0fO0OjO0O;1]0]0]1012}0
Kupffer Cell - 6| 6|66 6|6 |66 |5]6
Hyperplasia + Ol0]J]O]J]O[O]O]JO[O]1} O
Kidney
- 5161415146 |5]12]|2]| 2
Focal Cellular * oyo0f(ofof|O0jo0jO0O)2}|0]| 2
Infiltration + o(otz210f1fo0]1}21}13]2
++ 1{0j0y1}1}10{0[O0]1]O0
- 6| 6 5142|415 ]|14]6
Tubular Regeneration * 010307010 111411030
+ o(o0f1f2]2]1]2]1]0¢12]|0
++ 0/lO0j0jO0f2]01l2]10]0¢}0
Testis
Spermatids - 6 6 |46 | 6|6 |6|6]|6]|6
Degeneration x 6jo0fj1|jo0j]0f{0]|0]J]0O]0O}|O
+ oyof1y0(0|0]j]0]JO]O0]|O
Tubular Necrosis - 61616/6|616]6]16)4]16
+ 0lofoflO0fjOjO0OJ0l0O0]2]0O0
- : no lesion, =: slight lesion, + : mild lesion, ++: moderate lesion, +++: severe lesion
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B

AAR7) A7 AERCH F5E 89 =g el vAE d%E AP & dF
g 939tk CdCLE JI=F 7122 AIN-76 purified diete] o +&(0, 25, 50, 100, 250 ppm)
o2 EHE Cd FE401E 85 B¢ Fstd AL $5& 42AU dE oA 7TF TG @43
F99 AAAL AARYZ AN G541 E 73T FAste HAnrl ¥ HFAFAE PxT
9 vmatdch.  8F B¢ Cd 5 AFYolE F4% 43, Jl=F F5I Y 4FAQ, I=EF
o) EARNQ AZRAY Frte} SctEIRA(H)S 2224 FFHD)O]l FasHnh. BH=2AY
A A 23 S¢HEAA FRHI 424HN BF 47 deERg. t=F F94E sz A5 49
AE Fd F 8379 AFe FSIAA HBHAG. F HALY] FA4TY A AL FoA7Y @
Hol Ha FEFAFo] FF ERou FHA Feole v ¥t Jt=F FF A Hb $FH
HtAE 7= FEo d#sdoyd siEAd ZE ATodA Hb §3F3 HAE 38 B399 +&
o2 ZJtste A Ete] atolzt UEtyA ¥tk T, 4%, A2 FAE G=EF T = HH
2 QoA T HFo) wE B vEH} AFY uLe Jl=F Foo o 9¥E UA @¢& RAe=
deltth. A F 100g B e FAE 250ppm HEE FF F AF 4¥AE 3494 #HARCE A4S
g A FolAd 7t =94t Fl=E AHTC] 2€5E T UMY FHFLE FAH2E FY3
A zpeol7t AR ABAA Y FA Fxrt LA Bk o 28 AR Y #F Alde 3R A%
%9 72§ ol F2dAen BAY Cd AA =7 AN B wE Heg RARD
AL AHAZRG ALY HHTZAAN F=FY FHe] v @#h3 53] ARAMY sl=F FH ¥
Zo] 9L vXe QARA J=F B ohly FI=EEF HA27] YAGYe 3 FE(C™, Cdx
Pork™) %o] Yettt Jl=§ F5A4 metallothioneinMT)E Cde] A #Fo] woldel o} F7hst
AAT HE A2 ZFE BB MTEES sixnr)d o8 4%& ¥x g 222 Yexn

o]del AAelA Ft=FY HEH gHstd d¥d FHo2A FAUE $HADLVE AT A
FHolg FAHAEL W A7 HrT HFE0] B4 HeX JA BAHHYE IEHAG. A%
239 H2AH HA 23 Cd S0ppm FATIANFEH A7) HrtEe] s ny] FHZ v
& Cdoll o8 &4 AEE Yuiste Ane] g4el EAA A8 ReE FFEo2A 7
1719 Cd x5 &S 2oz BHIHAG

2% xR
1. American Institute of Nutrition. 1977. Report of the American Institute of Nutrition Ad Hoc
Committee on standards for nutritional studies. J. Nutr., 107:1340~1348.
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Washington, D.C.
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