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SUMMARY

Traditionally, pork meat has been recognized as a medicinal food for
detoxification of heavy metals. However, there has been no scientific studies to
detect its effects.” This study was to evaluate the effect of pork on detoxification
of heavy metals. Cadmium and lead intoxication was carried, and relieving effect
of pork and/or lard on cadmium and lead toxicity was studied. = Metabolic
turnover of cadmium and lead was also observed.

Based on symptoms of rats exposed by cadmium, such as growth
retardation, enlargement of kidney and liver, decrease of hematocrit and
hemoglobin, the toxic dose of cadmium to rats was considered as 50 ppm. When
casein was replaced by pork as protein source, weight gains in pork-fed groups
tended to be higher than those of casein-fed groups and hematocrit and
hemoglobin of pork-fed groups were recovered to normal state. Cadmium
accumulation of liver and kidney was significantly lower in pork-fed group of 50
ppm cadmium group. When corn oil was replaced by lard as lipid source the
growth rate, hematocrit, hemoglobin, and kidney weight were recovered to
normality in lard-fed group. However, cadmium accumulation in liver and kidney
showed no significant differences between lard and corn oil treatments.
Simultaneous treatment of pork and lard on detoxifying stage revealed that
cadmium accumulation in liver and kidney showed a tendency to diminish in the
pork and lard fed group.

The effects of feeding pork on lead toxicity in rats were also
investigated. The lead accumulation in the tibia of pork-fed group was
significantly lower than that of the control group. When corn oil was
replaced by lard, growth rate, hematocrit and hemoglobin of lard-fed groups were
recovered to normal state. Lead excretion of +500 ppm and -500 ppm groups

was higher in lard-fed group than corn oil. Simultaneous treatment of pork and



lard on detoxifying stage revealed that weight gain, hematocrit, hemoglobin, and
weights of kidney, liver and testis were recovered to normality. Accumulation of -
lead in tibia, kidney and liver of simultaneous treated group of pork and lard was
lower than the control group. Lead excretion was enhanced by pork and lard
treatment. _

In rats with intoxicated by cadmium 50 ppm or lead 500 ppm,
pork and/or lard replacing casein and corn oil showed a relieving effect
from toxicity. These results may increase consumption or pork and will

contribute toward advertising materials to consumers by hog farmers.
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Table 1. Total amounts of heavy metals in restaurant meals in Seoul Area
Amount of metal ( unit: pg/meal)
Foods
Pb Cd Cr Cu Fe Zn Mn
Seolong-tang 202 34 139 1,365 4,259 3,678 828
Galbi-tang 97 26 180 581 15,394 | 4,573 874
Yeukge-jang - 253 30 49 693 13,406 | 3,723 811
Kalguksoo 60 24 192 806 10,054 | 1,215 234
Doenjanchige ; 176 17 298 962 6,729 3,368 | 1,159
Bibim-bab 39 11 117 826 1,992 1,677 672
Bibim-nangmyon 133 17 170 809 6,571 1,124 739
Chazang-myon 241 11 116 899 11,284 | 1,461 778
Bulgogi 100 12 80 668 3,681 4,330 162
Yangob-chang 66 10 36 655 4,844 1,864 | 2462
Zummuluk 80 9 112 586 3,619 3,863 533
Mean 132 18 136 805 7,430 2,807 841




Table 2. Estimation of dietary intake of heavy metals from restaurant meals in

Seoul area
Intake level , FAO/WHO limits
Metals

ug/person/day | pg/ke BW./d 1&/person/day ve/ke BW./d
Pb 395 6.59 428 7.13
Cd 55 0.92 574-71.1 0.96-1.19
Cr 406 6.78 - -
Cu 2,414 40.25 3,000-30,000 50-500
Fe 22,291 3715 48,000 800
Zn 8,422 140.4 18,000-60,000 ~ 300-1,000
Mn 2,124 354 - -

*

HREF (1989)
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0.10-0.18 pg/gd ¥ = E H Qv (Shariatpanahi and Anderson, 1986).
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Table 3. Cadmium levels in food categoris

Categoris Description n Mean Median Range
ng/g ng/g ng/g
I Milk and dairy 12 0.59 0.40 0.14-2.0
i Meat and poultry 18 3.96 1.93 0.36-443
I Fish 6 3194 4.46 1.24-166
v Soups 4 5.74 1.94 1.93-11.1
V’ Bakery goods, cereals 29 16.59 12.76 37 - 99
VI Vegetables 37 19.27 13.12 0.8-123
VI Fruits, fruit juices 24 253 0.82 0.07-17.1
Vi Fats, oils 3 16.65 0.66 0.65-48.6
X Sugar, candies 8 4.45 1.48 0.61-16.8
X Beverages 5 0.40 0.45 0.1-0.64
comesites 146 | 1120 | 367 | 0.07-166

* Dabeka & McKenzie (1992)
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#F 6,000-10,000 A= gu¥id=zAN T, old, F T 48 7A F40]

s
e
>

o o
i)
it

&

Metallothionein ©]2]o] FF & WE FEEF &3 2 g57172E
TEEA 8 2Ase FAAHH E4E AFLEZN olFojHA = o HIHH
o #8Hd FI=EE FARS 9 TR FAsF &40 YEde FRHAE
g ole JI=F F42 A3 AAHAAM S oxygen free radical?] Aol 71¢0dE A
oz RudUY. oled FAHY &4ozRe PAE BIsts Fisty E =7
T2  superoxide dismutase(SOD), glutathione peroxidase(GPX), glutathione
S-transferase 52 & 4 %t} Superoxide dismutase™ superoxideZ hydrogen
peroxide®} EAAAZE  dismutations @3 &S Superoxide ©]2F Z2 free
radicals2 AA WA F4dsd E4& 7tALLE EFZA old & 54
WA=l 283 938E @l Glutathione peroxidase® selenoenzymel 24 Se
Mn, Cu, Zn 59 F7loj20] ¥&F B¢ o] T4 4L A FE ¢4 €
=3

i

ol &

F+=E& 1817d Strohmeyerdl & Aoz AN AA A=
gL 19329 Prodano] HEoZ 71&ddth. JI=F A4 dd A4 19604
U gEA o]eto] o]elo]¥(Itai-Itai Disease)o] FFstd =ZA dFHULH
(Friberg and Piscater, 1974) ©]€}o] olEle|H & Jl=F A FH5OE 404 o449
&R B3 tatRd ®Bel vehve Ao AL A AL A7
1% A9 olgte] olgolw e R Fr|A FA: ARZL Jt=ES HFH7L ¥
Elel D diAlell AZd 9IS Fo2A TAHE Aoz FHE ol8F olEe] o
ojH o g YR & AF(Adachi 5, 1994) vlE}ll DE #W 2o & 657, ZHES
W Aol 1FYU Fo 4F L FHoE HIET DA0 IU/L/F)E F3HEA Jt=



& 0,5 20, 50 ppm =2 AHANZ 23} J=F $E7} 50 ppmY @ W )
2 EE ¢ ZEJ dE=Tol vE fFosA Bgten olgld Mo o]4e HEW D
o AL o] Y Aoz 59 AFM THF weld Ds(e, 25-dihydroxy
-vitamin D3)9] Ago] AFHE Aow FZA, Iy Fl=go o F gFo
Ee ARAA NG, 5RFE29] B A} 52 & 5 Jdod gEAA &4 A
R EExAAA dojdrt

FtEgd B FHo dojud Aol g 2 &4 BA "o = B,
= microglobulinuria, proteinuria, glucosuria, aminoaciduria ¢ ZAo] 2 A3s}A
2. FtEEC 3710 =29 22AY 2 AEAY gide] » 2 Ao ¥
A 3t Al ‘%57}?'5}71] He oln AEAF WAL B 40,000 o5t RE el
E¥ 2EAZF 29 Ao ulH(albumin, transferrin, immunoglobulin G)E 271549
ot kit &, F714(Ca, P, enzymes) 55 o= HAE wjHe}. ZF/AdE o
& Wol 7]#A Y(bronchitis), 7152 &4e¢ Fuses HA% So wygdg
(Kostrial, 1986). 41739] o]4o2 <8 7714 thrle] EF YL 2siy E23 =
U424, &35 5 (osteomalacia), FtHF F (osteoporosis)E & ok7|8tA €A}, o] g
¢ Ao dA2 AN vE DY 48 1,25-dihydroxycholecalciferol
ol Aol A7 WEoln o]z A #Ed F47 A=A o). =3 A A
2ol Ca-binding protein®] F =X Z2dtA Hol & tild gy gge =
A Btk (Lorentzon, 1977).

7F= 89 &% A (Carcinogenicity)# 7] 8 4 (Teratogenicity) T84 o8 «
TEE FAH g FAAA sl=gol FH FIFL TAANGE Alde] BIuE
2.7 Cadmium OxideE FYse =FAEAA A QMY (Prostatic Cancer)
FE7t Bssdt. £ AYFEA 7%l 2P FoloHE 7| F o}
e Ziae ey E4A AFol FaHAH(Kostrial, 1986).



FFAEALATANNE 19959E 18] AN HAT7) AR s=
F iAol B8 ATE $9% v ATHEFAEALATY R34 E-1325-0667. ]
g % FASA 177 AN G S
& 3CdSOq - 8H:08 A9 BA 0, 25, 50 ppm TELE F9
F93, AALAE #& HAL/E WA J1FeE FFARY AAQ auan

~{»
& ot
% S
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50%, 100% $3l4 XA AA iso-calorie, iso-protein 7|22 ¥ RE FAH
. Cd Ag+Es 249 wEtA #F7A9 FFo] 3z, Y Ml hemoglobind
Z3} hematocritx] & Zazon, AFzAd did #Hz2AgH HA 49 2244-
A, guAYdFE, FEAE CAAZTAAM A #FHNA TH T5EZeE B
gt =SA 3] 100% A FolA APdFe 5 Holew, 2Fd tg B3
zA33 A4 2RE Bl A9 gle AR #dPg. EY AdFHSe) R A
a7l 39 A 5 1A dg 4FE ZAEAT SD A%Y FHE FAEA 73
ASANES FPFen Cde 0, 25, 50 ppm FF, Se 0, 10 ppm FEANA F9Y
on 7l APAAY WHE 13 AEH 2ol Ao FHHID =3 RAxdoE,
HA 2719 Se2 MR &L 25 ppmF 50 ppm FI=EE HFAAE SHIAR
gol A Aol #goy HAnrg AFUES F98 25 ppmF 50 ppm 7}
EF APFolAE 4% Hue AFHA gyt Cd FF S = G o
hemoglobin® &3 hematocritl & Adt Aol X7 100% A FAAE
dz7e §9x7 Q9. AAZASF metallothionein §#FE& CdFEel &
z7} Agolgleon, HX1y] BFAFE YZF BuhE metallothionein A4 ]

A% BYT. Sed metallothionein Aol Qo] At Cd AN FH&2 Cd
o] =& A FEA, ALY HTY Se AIMTFAA FgHoE B AFE B
Qi, 2EF oz widHE CdFe ol HAHTAA FoFez B4 AF=E
e AARAv A BFARE HAnY] FAF/E HFATEYG FEE FHoUTh
ol Aol AlY Az F 7HR nesior € Aoz E AFUIZLe] HA 8F olF #F
o] a3di Cd FAE &5ETHE 4o] FE 2, CdSOsst CACL ¥, E8d A%

L b

g
fo



Cd 35+7¢ 494D #5718 AgAel 71zl 23 Cd 3% 4¢3z 24
9 toxic dose®] ZAA ol HARok 87, AR 27 GAAT ohiz} AAsIE
F= wEojel B AgeR NPT, A=EF G Ho AXESHe BAE F
2 274%d duoz ol A7 %k 648979 SANA 670F 37
¢ 1).Cd ¥HE7 & Se #7F 2) 10 ppm Se, 3) 20 ppm Se, 4) 30 ppm Cd,
Se, 5) 30 ppm Cd, 10 ppm Se, 6) 30 ppm Cd, 20 ppm SeE F3 A7 o] &
o =g 249 JEE FFE IR AFERH Y BE A=EQ@
ppm)ol FHHUTH LY Se FrHHolE Fele B¢ 274 2o A=F HEs
e 8HAl e § T 6.2 ppm 74A A 3})(Ueberschaer %, 1982).



A24d Az 2By

1. 848 o148 =8 F5 F2% AAnsd 4 4% x5}

7 A8 W

E A¥e dAnrt =R 55 @ AGA A5 A4 A" YT
MAE7te BT Sstd BAAT TS AL 8% FXE Aw Ho)o 7}
B A7ted 52 4LAAL, o1F U¥ AS HANA $EL FAGAR AS
o] 77 FUAL JE=F HAE FTUAA, 50 AL o|FANEE A(T. o
A=y B gxdole wud A AAAL FAN 12 FARANA HA T
A7 ASel mAE d%e wuA syt AYMAE G E 49 2,

I

Table 4. Experimental design for the effect of pork feeding on the intoxication

and detoxification of cadmium

Intoxication (8 weeks) Detoxification (7 weeks)
Treatment - -
Cadmium # of rats Treatment Protein source
6 sacrificed
A 0 ppm 18 6 AC casein diet
6 AP pork diet
6  sacrificed
B 25 ppm 18 6 BC casein diet
6 BP pork diet
6 sacrificed
C 50 ppm 18 6 CC casein diet
6 CP pork diet
6 sacrificed ’
D 100 ppm 18 6 DC casein diet
6 DP pork diet
6 sacrificed
E 250 ppm 18 6 EC casein diet
6 EP pork diet




HAFol 1257+1.6g WS ¢ male Spraque-Dawley rats® 904 3 A3}

Ao HAE TEL SAdGuAYY o8 AT P2 AF

1854 X8t 24=% stainless steel A}¥ caged] 23

A FEAHAYE A8 AL 8F7e Fl=5d 93 2=
Z1ELZ 0, 25, 50, 100, 250 ppmE Z+zt Hrtsly AlmE
3tk Ag4 ol AIN-76 Purified diet i EE 7|2

o CdCLE JI=%&

of LA HHTF
152 59 &34 H8A
FEAIN LA 3

(o)

=

L2 st5 #F 4ol F9

sucrose¥ & 10%2 £l S¢4¢ AL R dASHYUHE 5). Yol FHFFE
& glol HA s
Table 5. Composition of experimental diets(%)
Ingredient Treatment
A B C D E

Sucrose 10.0

Corn starch 55.0

Casein 20.0

Cellulose 5.0

Corn oil 5.0 " " ” "

DL. methionine 0.3

Choline bitartrate 0.2

Vitamin mixture" 1.0

Mineral mixture” 35

Cd 0 0.0025 0.005 0.01 0.025

1) Contained per kg mixture ; Thiamin-HCI 600mg, Riboflavin 600mg, Pyridoxine:
HCl 700mg, Nicotinic acid 3g, Vit. A 400,000 TU(Retiny] acetate), Vit. E(dL-a
-Tocoperyl acetate) 5,000 IU, Vit. D3 2.5mg, Vit. K 5.0mg, and sucrose.

2) Contained per kg mixture ; CaHPOs 500g, NaCl 74g, KsCeO7 - H:0 220g,

K2S04 52g, MgO 24g, 48% Mn 3.5g, 17% Fe 6.0g, 70% Zn 1.6g, 53% Cu 0.3g,
KIOs; 0.01g, CrK(SOu4)2-12H20 0.55g, and sucrose.



8% ¥ JIEF 3% AHE Ay At 2 AYTAM Q2 6442
H4A2 ¥ Asen 24g ANRET. UEA 1248 99z 5 HyrHes
o] 2R 1048724 HE APS 727 BT A5 A% SAdE Cde
H o4 WA Lgon AYAols v FUe AAUL &AL (AC,
BC, CC, DC, EC) AA 7|2 &3] gA=uct. (AP, BP, CP, DP, EP) siAx
A AAAE gAss) A8 de Ake RAE A2 AW dedH A F o]
gataed 2 YAHE casein® AHEARE WS BYS wwA Yo ULES
THSAT. & e HAns)Y FBE59%) L 9N FFG590e AN @
N2 FozAe FA N%E BF HAL/Z UG AlME e HAX
7l 557 & A7Fsch

. AE A |

dae AAE Y F2Ue] AR 1247 YA F ethyl ether2 U
58 WHEAA BE gEdoziy ddde) NAW FAJL ALY e A%
2y g3 AntEADN 2R ALSAT. B9 AAE Y} e BE
ste] 09% A A4z A AU Fr)e TAS 2F® ¥ PE BBR
. FIEE A AES A8 =9 W A A9 85 A 3YT stainless steel
metabolic cagedll A A A3t}

o HRE22N FFF FHtEARK &F

H2FE2Y ZHHL Cyanmethemoglobiny 2.8 ZAsl4tk. £ cyanide
solution 5milel 0.02mee] YL 718tz & EFE & spectrophotometer(JASCO,
Uvidec-610)& AF&3t] 540 nmolAl ¥l AFFdPow, druEaRAXNE 94L& A
A% ¥ Aoz AN RABA RABY QS ol8sle] 28EE A o

& A EYAIZ) £ packed red cell volumes] HELES &R

% 47 % MY A=

E 3% =24
AL, 7, A A F9 Jl=F ¥ AEE IF3AZ F 50% HCI 10



mE 7}3ke] hot plated X A< vlg W7 FwAZ AN o] HAFL wEg
F ¥ZAZg. 0IN HCIZ A% B97x gAstdeEc. gAig Aas dixe
o] 838t ot YAFF A (Atomic Absorption Spectrometer, Perkin-Elmen Co.)
& o]&3te] 2288 nmolA EA s}

uk. 7+9] metallothionein 3% &3

%3 % 9 metallothionein(MT) &4 Eaton# Toal(1982)¢] wWyg o] 43}
Aok T =2F dFFE & 4¥(v/w)9 10 mM Tris-HCIZ homogenize+t}.
10,000x gl A 1083 A4EE & & F2Ae Helo B A 287 719%
o 10,000xgol A 283 AAEE & F F2de dojdt. A2de Y H&
(10W-500) =2 8 A3te] o] F 400mE 15m¢ microcentrifuge tubed] et
CdCle-Tris buffer8& < 400 sE 4ol olwe Cds =7} 2.0 pg/me7t HA & oL 10
Tk BA st MT7F Cdel saturate¥| =5 $tth, MT¢ 2EstA €& Cde AA
871 18] Onosaka®] Cd/Hb affinity assay %#€ w3l 2% hemoglobing o}
00uE WL B T4 287 7198 F Y71 gAREss AHEL A
AT o] AL 2B o WG F ’z}%?ﬁﬂ*‘]gl Cd¥& AASE &A%, 1
moles] MT(MW 60502.2 7b34)o] 7 moles] Cd7b BEtE 714 sheld MTe %
& AEs4d.

vl A A1

48 8 A 4YFES stainless steel2 © metabolic cageZ -;%74 72
A T =9 A AASD AAF =9 ¥e P AHZ YErBsn
Yeager (Yeager %, 1971)& ©]£3}o] atomic absorption spectrophotometer
(Perkin-Elmer Co, Model 2380)2 222.8 molA &7 g},
* TIEES] 53 F(ug) = CAd AAF(ug) - =9} Mo wjde CAd(ue)

il

Cd 3% ()
Cd 43 % (ug)

* 2B 2HE(%) X 100



* Ft= g9 AdutE4E(%)
Cd 438 F(ug) - Woz Al CAF (1)
Cd A3 % (ug)

A} BAA

449 AEE SAS FA package programS ©|£3 4 EAsHTt. 439
Hole] A 4 29 AAE & T dTH BELAE AMEGE, 4 T 3
A Hlae 24 B4& & F AEgFd 39 $94L Duncan’s multiple range
test®2 HASHT. EF FHYAAHCAEFTH AN Cd &, Pork:dl s Ale duzd JF
93 olE9 FEASCAPorko] AT JFE o=0065FANA ol UM

K
EAHEA (two-way analysis of variance) 22 #94& AR
2, A& 71 =F A5 Ve 9%

7 AE HiA

2 AL AAZIE =R F5 @ FAAA AF A ojud IFE
PR =7hE Brketz]l st P Heh. a2t AS 65F FLL Gu Yoo gl=
B¢ A8 F5€ R, o] F G¥ U AL AxEgen o] HE 3
ANA FEES HUART ASEtY 65F FEL JIEFE HIAE FTEAA, AFol A
HE o]FAEEF 3. o] AEAA FX dx Aol AW F99 SFHUE
g HAZIEF22 SAURAANA HAZFol FIEF A5 WAE ¥E RuA §

Foh AguiAe os ¥ 6% 20



Table 6. Experimental design for the effect of lard feeding on the intoxication

and detoxification of cadmium

Treatment Intoxication (6 weeks) Detoxification (6 weeks)
Cadmium # of rats Treatment Fat source
6 sacrificed
A 0 ppm 18 6 AC corn oil
6 AL lard
6 sacrificed
B 50 ppm 18 6 BC corn oil
6 BL lard
6 sacrificed
C 50 ppm 18 6 cC Cd 50 ppm + corn oil
6 CL Cd 50 ppm + lard

BAAZFol 964%549¢) male Spraque-Dawley rats& 544 FAstdh. A
¥ e SAAAuMA Y o AT d2 AFo] LA YT ¢ 1244
HiXsted 2924 stainless steel A% caged] ¥WI 153 F9 @A FLA & B
A48& AT AL 670 FS=FY A8 FEL U2 8o CACLE
HEE 7I€LE 0, 50 ppmE ZZ HAsise] AlRE AZFHT. AE Hole
AIN-76 Purified diet MIZEE 7|€22 &5 #F Ho| F9 sucroseF2 10%Z
ol &g HESZ YXSFAHE 5 FR). Aol 2HEE= A glo] 94
st

6 F JI=8 F5 EAFAE A st & A TN Yoz 654 L
HANA T5E FAaAT. Urix] 6542 JJ2 F APTHoE Yo BE
AN TEA AE Ade 65T Pk A5 AY FdoE Cde o oA A7}
8 ghgton] ddAole AY FUL FEFVEL o)EFAY HAVEoZ gA

3 dAHNT. o BAYEL goAM AFE vl B



3. AR 27 AAZE A 547 JS=F A5l A= 9%

7t A8 WX
NEe AR 7% AN BN FAst =R 5 @ ANA
£ Ao ojug FEe FNEstE By Asd PTG agstel He 63
Se Qut Hojd N=FL WA FEL FLARL, o F Y% AS GAA
ol LA WA AE F o] ASS HANA FEL FASYT YHA FE
2 A& 67 U JNSE AAE FUAA, 50 AP o) FAAEES FYh.
ol AEHA E% Uz Hold wuld FLA AAAL HATIE A RRANHL
o, A% 39U 25457182 AAVEoR FAYANA HA v} HR B
NEA7} A28 86 fAE 9L 117 9tk AAE 0 E 79 2
1;]_.,

Table 7. Experimental design for the effect of pork and lard feeding on‘ the

intoxication and detoxification of cadmium

Intoxication (6 weeks) Detoxification (6 weeks)

Treatment . Fat source,
Cadmium # of rats Treatment . rce/
Prtotein source

6 sacrificed

A 0O ppm 18 6 AC corn oil / casein
6 AL lard / pork
6 sacrificed
B 50 ppm 18 6 BC corn oil / casein
6 BL lard / pork
6 sacrificed
6 cC Cd 50 ppm + corn oil

C 50 ppm 18 / casein
Cd 50 ppm + lard

/ pork

P FAFo] 723£43% male Spraque-Dawley rats& 545 FTAsIAc. 4



d TEL AJIuA Yl 3] AT W2 YFo] YA AT T 1244
M8kl 2554 stainless steel AHS cagedl Wi 137 9] $Ao] LAz = B
CAYE NSRS AL 6FUL FA=EO) o 2T FLAT LA s CACLE
A=E E0Z 0, 50 pme A7 e AEE Az APos
AIN-76 Purified diet MI&EE 7|Fo2 35 87 o] 29 sucroseF e 10%=
EolT 44 AROE UAFYHE 5 FF). Holg TR+ AT glo] HA
LS | |

65 ¥ 7I=8 F5 AWE ZA3y] std Z A TN dg= 624
HANA F5¢ FAGAT. Yux] 658 J2 F HyTHow ke s
AAYTZA A5 ADe 737 Bk H5 AP o= Cde o o)y H7}
st ergtom d¥Aels] @uy FUe AAAL oEHAY HAnAZ S
ARG EE, APHold AW FYL 244788 o4 AY Y20z
&2s QAU HAnrE sHAAL BAGs] g8 e uoky B
A Aol B¢ F olgaAgE 2 HARE caseing AHEHES qo 59
¥ Sud FFol YOES st 2 e AT £E(559%) L gu
FF(3H9%)E us Bud FLo=NY FAY 0%E EF A u2 A
& AEAAE e AN 2Y] 557g & AHSAT. TE BAYEL goN age
uhs} FYsi



A3d A7 17

L A& °J&& 71=§ 5 &3 AAn7q 9@ §5 59
7k AR, AT, AREE
FTEE ALES T4 2A4L B 89 2. AERAL JIEE S A9

sne APel Aozt R

Table 8. Chemical composition of intoxicating diets

Moisture| Ash Protein Lipid Fiber )
Treat t
reament o | o | e | o | e | CFode | Cd

44%0.1 | 25401 [192+05| 26+ 04 |38%£01| 3684t9% | Oppm

46*01 | 25+0.1 [188+0.1| 2.2+0.3 | 35+0.1 | 3795+31 |23.8ppm

46*0.0 | 26+0.0 [18.7£0.1| 2.3+0.2 | 3.6=0.2 | 3957+ 134 | 46.4ppm

46%01 | 27+0.0 | 18304 21£0.2 | 34+0.1 | 3928+91 |94.5ppm

migo|lQ; w]|»

46*00 | 2700 {188%£04| 1.7£0.2 | 3.3+0.4 | 3961 =102 |241.0ppm

A58 AtEe 38 =242 oS 2ok HALY] FMFL JAAE A
43RS Wt FYF 9HA FFo] Y rFE 1A%y H& HAALY] 5657z &
7189 olE AE 7| (DM basis)o.2 et AFEBe 4L HA 37 F%
245g°] Ao, o9 2L JEE 2A4E AEE 299l Z4F 18% YR Hojst
e dFE 3900 cal HAE o]k Atk AU Al HA 1Y F AR
el &, A%, & FAA4 44U Aole gk

w2

rlo



Table 9. Chemical composition of detoxifying diets

Diets Moisture(26)| Ash(%) |Protein(%6)| Lipid(%) | Calorie
Casein diet
+ + + + +
(AC, BC, CC, DC, EC) 8.86%0.02 |2.52%0.06/17.96+0.13{4.49+0.07| 3891 = 150

Pork diet

+ + + + +
(AP, BP, CP, DP, EP) 861+0.00 {2.71+0.09|18.96+0.05|5.47+0.15| 3910+ 190

A 8 AT F/he do] AEL E 109 BTk AL AY Ho|=
w7l Fele 2 AGYTF T AF Ao/t AU LS RARNE Eaid FAFY
87 T4 FIEETEE 4Y Holg F4E 2 AF AFL 4 AYF 1)
A Aol7h e Aoz YR olyd N=EESH o AF gir= o
AT Bt FAMSE Aot

ol B2 (Feed Efficiency Ratio=weight gain/feed)s 2zt Fvit} §9 0l
AelE Btk &, Jt=EFY Rl 5245 Yo AEE FYHoz Yold, =
25 ppm 7M7Y FeE RETY H94Q0 Holst fidey F=EF 50 ppm ©)
FET Aol &gl A3 AsEo] 250 ppme A$olE o] FLo] 00602
e W=7 0250 Hl& 4u o]¥ ¥e Aoz Uyt =¥ F=E 250 ppm
Byl 8F B¢ A AFE A9 Q% 5571 F5 7|7 835t way
Aol sttt Jt=g Fojo] st HPo] EaEE A% vl Ay A
OE 9 ATAA RAAT Az A31992)E Ao AHF AF: 27hE, Ao
2&0 EF =R FTHETAN EF #9502 ¥4 Uy AL By o9 7
(1988)= 7t=8 FF A3 AAY, AF 571, o] Ago) B% Foygoz 7
£HASE BAT A(19%) TE JI=F HsEo vlE AF =sBH Ho] w1
< dEZ2FoAM 713 =gt ddt. $Ee 4Y9 A3E T od Anse
EF JtEE FF0 AHHR o] 4P Fad I WAAY, =B TF
22 A dF2e 5 2 dAbel W 4A Aol H&o] BAPoEN HF =
7t $E9 A o] HedXE Aoz AR,

o

i

i

o

U

Lo

N

]

i



Table 10. Body weight, and feed efficiency ratio of cadmium-exposed rats

Trestment cd Initial Final FER

‘ (ppm) weight weight gain/feed
A 0 1265£126™  384.8*+441° 0.254+0.043°
B 25 1246172  340.4%502° 0.242+0.054°
C 50 1254£16.1 299.8+32.7°  0.216*£0.031*
D 100 1268+188  2436+540°  0.173%+0.069°
E 250 1235*+11.2 155.3+416° 0.064%+0.113°

* a= 0.05

E AFdAME Jt=Fd g8 AF S =8XE FEo)gey ’-ﬂ o] &
€2 oo E Yoldg B £ AT = HXur] Foo wa o] #ax
B¥ol BAA I Ho] §&L& FYFHoz FopH. olE oluiE HAmr)st 7}
ol gz EAHE dAaL 4% Felg IOl 137 WEo] oldr AR
o 28y o dFAAE =g 9 AF 871 o0& a7 =& nog R
o2 By JI=F 25 ppm FFTONA A7t aduld FLol @ A AF
7] EolAE AEE BIA=UFIAQL F49 329, SR nIIF 3.78g), 1AL
=& FFLE AT AL ool Ay o3 247t ¢43lE Aol ofd7r R
. olEE AL JFI=F 50 ppmA A E v 2 B R,

e A FAFAFE g E 1194 AAE ble} 2o, Jl=F FHE
ZFastn ¢ ¥ AFHBo] F49 olFot. HALVE F9T A9 FS(AP
BP, CP, EP) DPE A&t 7tAL S FH4F Fo vg] HTAFo] A4 & 4
€ Yoy Fo3d Xole duMx YEuR Fih old 8F B¢ 2
ppm JtEEo 2 F5 HUW BAZT T HAX 178 F$(BP-5268g) € A5
e AFol =Fo] =FHA PP AN IYTF(AP-5174g, AC-520.0g)2t} Eo}
Atk I=F FeE FUS%DL G F SlSEo J% F5o] ALY DHY T B
gl JoxE 2ol E&o] wl EArh o] E&Y AAAME HAnNE el
A3 < Z$- DPE Astn 7HAQE 49 FAd w8l 4t & £AE Vg

i

Ny

)

o 2



WRou e A FAxEe F949 Aolg Bolx| @3kx, BPSt BCAM T ttest
Aol 495 Aolg HATH. |

AWAY 3L 35 29 9T S=gol o4 £5 @ A= H=Fe
ool AASA god d€ AFNEE &3 @k F 25 ppm H=FO) o3 8
F 35 U9 A+ J=F 4AE FUSE 8F Fo APAFL HEY 2
=2 35 HUY A+ JI=F A8 FUY A4ATE s

E
A3l Aol A2 v S Fou HAAYNHUTEY MFozE JEYY JEUY. =%
2 b

7HE 52 3%E EA 2 419969 AFANAE Ao v vHA £F Z7}
ol os) Ft=gol AT FFAI A3 RE BPoy TUA FHo wEHME
AZF7tst 2ol &9 Aol& B + glvtxn 85tk Fox S(1980)% casein-gelatin
Holg Hel ¥ ISP.E HA Fol AFF7te Aol Rolx gtim B a3}
Aok AT ¥H(1996)9] ATFIME CysE H7/1E T AFZ7Fo] &o} do] 58
o] & Aoz yeygt



Table 11. Body weight, and feed efficiency ratio of detoxifying rats

Treatment Initial t Final t FER t
weight test weight test gain/feed test

AC 405.7%49.9° . 517.4+612% 0.09%0.02°
AP 403.4%18.3° 520.0£45.3* 0.09%0.02
BC 368.3%36.07 501.3%+45.3® 0.11%0.02°
BP 354.7+£42.6"° 525.8+54.7% 0.14+0.07 "
cC 3125+405° 477.2+96.4™ 0.13£0.06™
CP 306.8+20.3° 483.41+53.2°™ 0.14%0.03
DC 249.0£76.3° 469.1 £56.6™ 0.18+0.03*
DP 246.6+35.5° 442.4+39.3% 0.16£0.04
EC 172.0£54.6 363.5+39.7° 0.19+0.04*
EP 154.2£17.3° 4155+468% 0.23£0.04°

Sifgar::itf(i)crznt oF ca™ Cca™

* a= 005

it g E22dd uealy]

7HEE T5d 3 qRIZENS FriEaR BFE J=F FE uEHs
T MIE HAFAHE 12). JI=F FAE AT JE29 I3 drEaRR
o 2(1988), & A} 0](1993)9] AFANME Bx &, ol A7 WA
7t Fl=Fd g8 AHE e Aoz HAIHYL. J=H BF A Fe
7t AW EFAAA M2 BAHoR F4std FoMe Fe F5E ©¥i3n ¥79
transferrin % # TIBC(total iron binding capacity)”’} Z4% 31 AUl F
FaHve Bust d#Xo] B4HE &+ Yok 2 JI=ER FHo2 A% Au
A FFEFTHI HZHQ Fe 2R S 2T + At

ol FHEC FE=F HE FEo oz #4493 tE 4L B
FAS. Ft=Fo] T ol AtRd HIUIEHA FouWA J=EY FEAES JHeol

EE AHIYTAAN drazde 443 FAAG gL FELE &Ht HEF



°HFd Aolg BolA itk ol& Y] UM HEF st=go] FuU TLwH

A M2 BANe2 A8 AU FerlfFol Zade 4937 x5 Aoz
B oold FtEgd % AR F& Ad adst goiXNEA SRz 2l Aysxs

FESG Rog B 4 g,

APMEIARE wlAAAGA JIERE FE5 Aot 366~1309 o2 ye
HHE olFAoY A% Aot 392~332747 RE M TN FzsA el
AvtEIgle g 43 EEdE 2 A% Fo F50 9§ dFo] A et
A gt F A5 AY Sk 08 Y FESAME ddd 9% F ax
(significant factor)& Jt=Folgdtn XA PA T HulEa M= obFg A% F
ol HAA AUt FUAE AT FEo] AxHA god HuEand Ad o
FE AAA g Aoz Uedd. AAA ATFAA 2ok Hx 3o ] (AP,
BP, CP, DP, EP) 3|vlEABlo] §9Hog Zolzx RoT a=0- e~



Table 12. Hemoglobin content and hematocrit value of cadmium-exposed rats

Intoxication Detoxification
Treatment Cd Hb Hct [ Treatment Hb t "~ Hect £
(ppm) test test
N , B2k 366t AC  156+497° 34.8+4.91%°
423" 517} Ap  152%715 39.9+3.49°
. L 153% 2112 BC  168%516 33.2+4.01°
b b .
320" 380 BP  17.4%289 38.2+2.18%
. L, 123% 207 CC  154+429 34.4+3.65%
be c
396 2.34 CP  148+377 37.0+352%
abc
o oy OA7E 119% DC  171%345 34.8+4.27
cd d
3287 420 DP  138+268 34.1+2.01%
bc
. sy 726% 1302 EC  138+296 33.7+155
d d
218" 427 EP 1621299 36.3+1.92"*
Significant Pork"
factors
* g= 005
o, 239 FA

_‘:,'_
2t BAE SH=g Fod nE YA RolAAT AFo WE B wg,
Z A AF 100g22 Y & S=F Fod I3 9P A FE Aoz Y
gwr. & EEe ANAY AP ERAAAT 2] SEE IS AAA
g Aoz Rezt A%Y 3% EE T4 ge A% FA Aol A
g7z A8 dexth a2d, AF 100ge %E 4% FAE EXTE A
Jetae e Tte] Holsk vehA Ak F, SA=E Fod o) AFe 74
£ 2olEQoU AF 100g B A% FAE EXTY AS A=F o8 U=

il

~ 40—



T. Mahaffey(1974% ol¥ dge ZAds} 598 $4L AAed 20 g2 5
Aol 48 /=82 50~80%7F ¢t AAZH BEXH] gon J=F F
A 7t 2 %L wE VA 2R A3 FAE = FTF F A2EAD
T FAE ATLE UE £ =EFSY JdF Pz iz A3 Al
3l Avn 2asgch. A4 FAL EF Fdd o8 A FAolAN, s=F
< 250 ppm FAE EXFoME 2 AT vd #4489 Aolg BAFQ.
a3y AT 100eF AL e FAE 100 ppm FEFOANA 714 A4 Ydebgo

@ d o

£

Table 13. Organ weight of intoxicated rats

Treat- Cd Liver . Kidney . Testis )
ment (ppm) (2/100g bw) o ® (g/100g bw) K9 @ (/1500 ) TSt @

A 0 355%021" 1198*055° 0.67+0.02° 2.26+0.04° 0.84+0.27° 3.17+0.23

B 25 383£013 1140176 0.68%0.06" 2.01+0.25" 0821023 291%0.25

C 50  361£029 10.13+151*" 066+005" 1.86+0.24° 0.85+0.41 3.07£0.29°

D 100 370022 879%£232° 0.76+007° 1.76+029° 146+0.34° 3.30+0.14°

E 250 3.90+048 409£143° 112+0.16° 1.14+025° 101+048 1.17+0.84°

NS Y F YIRA URE BY 7 A%, A2 F7) BAE 2 B

| FEgolgey By BAE AFOE U £AE =8 o
23 e Aoz Uit e 3¢ AF 100g97e BAL EXET
(EP, EOA £7 Ugter] 53 250 ppm HEF 25 ¥ 45 A JH 1S 4
A% EP AeTolA 714 BA Ugh 239 FLE nasAz A2 100g% A
49 ®AE EATEP, EONA the Az 7o] ws] 5A s}



Table 14. Organ weight of detoxified rats

Teatment (g/l%l()vgerbw) tetst Liver (g) tetst (g/If(;((j)rglezw) tetst Kidney (g) tetst
AC 3.30%0.20" 17.06£2.02° 0.59+0.05™ 3.01+0.23™
AP 3.15+0.15™ 16.43£2.17% 0.55%0.10° 2.87+0.50
BC 3.08+0.26° 15.45+2,02* 0.57+£0.03° 2.84+0.30
BP 3.17+0.21% 16.74+2,66™ 0.56%0.02° 2.9110.34
CC 3.30+0.25™ 15.77+3.55 0.61+0.05™ 2.87+042
CP 3.15+0,15™ 15.27+£2.017° 0.60£0.03™ 2.88+0.28
DC 3.32+0.25> 15.46%1.15° 0.63+0.07™ 2.90+0.22
DP 3.30+0.39% 13.86+2.07™ 0.66+0.04 290+0.22
EC 3.46+0.23° 12.58+1.48° 0.71+0.05° 2.57%0.12
EP 3.80%0.33° 15.75+2.28" 0.72+0.07 2.97+0.24

Sifg;if(i;:nt cd cd

* g= (.05



Table 15. Organ weight of detoxified rats(continued)

Treatment Testis ¢ Testis
(g/100g bw) test test
AC 0.34£0.03* 1.75£0.16™
AP 0.37£0.10™ " 191049 "
BC 0.35+0.01% 1.78+0.19
BP 0.33+£0.04° " 1.70+0.13
CcC 0.37+0.06™ 1.69+0.12
CpP 0.35+0.05> 1.67+0.24
DC 0.36+0.04™ 1.68+0.22
DP 0.41£0.04™ 1.82+0.16
EC 0.46+0.08° © 1651022
EP 0.42+0.05" 1.72+0.81
Siincitf(i;znt ca
* o= 0.05

g 24 U Jl=E 54 5=

A AF 2F F SIEE FFL E 163 2ok A=E YT 2o
5 AZAN Y FHFL FAHoE fAsA Aolst YA Y e AL
25ppmeltt 50ppmE 8F T e HIYFAANE hEF ws) e =y I
€ EAAT dzTe FAHL fee A & 2AgM 23 358 uy
A 54 pE7t DM &7 w2 o 2u] slgo] HE Hoz MR,
2AY EAE T B9 237 2elNe &4 v/ HEH 302 Ygyth

A5A A AF Fo NEF FFE FE HHME £3)7F Bo] 2o}
B2 HAY 53 oM 3 52s AFdMY 23 srun gue 88 2
A= RAOR M FFE AA $EI AFdMe AA SENT BE Qoz
ezt A% M199%6)e 9¥d HAM BE8x gL FHdNE o] wum



FZol R dE 9ol Yrhix 2= Aoz u
2de 97 g2A Ugd 3 AAde 4FF A5
HzolA Ft=ge Ho) o @A yedon S8 AglAd JER 57 o)
FFS WAE AREA S=FEY ol A=ET GA) HAre nsE
(Cd™, Cd#Pork™) o] Uehdth &, A% Ao AgdAe & fAm7] 43
Azl o aFHoz o]FoPe ¢ & JAT. Vo F4d F=ES
© oz gwse] AT Azt Ade] wY Aoz gwge ¥Hd. ol
G FS27ldE ‘T F =R BE: AF F AEE 5E'Y vgo] ot A
B FasA 9o 2 dTdNE EE 25 F 838 Busd AERFS AR
AN AEE FEI O 5 AL BEE £ AUT. AT 21996 7HolA
o JEF ¥/ BWA $Fo % Ao|E Holx LT AF 29 SH=EL 4
ol @A $Fo] R FolAd A YT ES Cyse FFS TAME 3
AgolMe SR BE/ BEF e Aoz mustgu ot A(I9RW)E Ho] ©

4 939 g4 5 AW v9d dae 9%
o & A4 wudd A% H=F
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Table 16. Cadmium accumulation in liver and kidney

Intoxication Detoxification
Cd ) . . .
Treatment . Liver, Kidney [Treatment Liver Kidney
(ppm) test test
‘ v AC 0.04%£0.04° 0.14£0.09°
A 0 011%+0.06° 022+0.15* %ok
AP 0.05+£0.06' 0.32+0.55%
BC 6.64+1.27° 14.41+1.66%
B 25 101%2.37° 18.2+4.45°
BP 4.83+1.01° 10.60+1.83"
CcC 9.39+2.48° 21.32+7.37%
C 50 155%5.30% 31.1+11.2° *
Ccp 7.75+2.21% 16.37+2.33™
DC 13.00£2.22° 30.40+651°
D 100 375+981° 52.1+9.17° *
DP - 16.14%£3.10° 25.04+1.99°
EC 1951 +507° 140.36%6.64°
E 250 91.3%31.8° 956+19.1° .
, EP 20.89+4.24* 30.88+5.33°
Significant o Cd™,
factors Cd#*Pork™
* a= 005
w}. ZH metallothionein & 2
8559 dE metallothionein(MT)] 718 E24¥ Ay AUz =22

F2 2% AR MTEA0) 27 F743 o) MT7F 23 helA
&3 AFste] FE3} Fe2 AFAD B ohig BEz
xE 5% WUL BE 502 454 235 oed Ay
Ao @A gk ady =gl FV% =EIAY B

A% ZAqAH Cd-MT 57 27153 Cd - MT %] 4
540 B¢ #8 st=gol WEso] AU o8 a9
Cd-MT A7 the wuads Agsie ATHe &44
FEATE Aoz wE A

&



APEAE Bl F5 ANo] MTE 71259 4AF] Holdd wal 2t
Atk o= MT7F 7l=gd 9§ 5 434477 98 293402 Yed R
oltt. dMFEAY ZAFAE B, NE=F 259 50 ppmoZ FE HUW A9 A 7z}
9 t-test AIAA FEAAR HA T 9§ o7} Qe Roz UEoy I
el gl 24U, aHEstd AAdes 2l HAns)E MTEAY 988 3=
Rez Brle et

Table 17. Metallothionein contents in liver of experimental rats

Intoxication Detoxification
t
Treatment Cd(ppm) Metallothionein Teatment Metallothionein test
AC 25.04+10.59"
A 0 23.3+14.12 \
AP 21.27+ 866
BC 64.73+£17.51%
B 25 51.6140.0° *
BP 60.68+ 6.12°
CC 85.57+31.71<
C 50 57.3+459° P
CP 87.84x 6.24°
DC 90.58 +41.52°
D 100 88.52+395° be
DP 106.76 +15.83
b EC 150.82+ 6.33°
E 250 182+131.9 b
EP 115.38+18.55
Significant ca™
factors

* a= 005

vl FtEE AL

FHEE 5 Mgl F2H7] A A APS AN tg ® 187 2
< AAE AU AR HFAE T F Cd AAZFS A7 0, 2.3mg, 3.1mg, 8.1mg T
oA, olF Cd HWiHe dFEL EE T3 o]FoFth. Cd AHFol Be&F



5 € T Cd MEFE FM8e B 4 Aok 28y Cd retension ratiox Cd
AHZol 50245 A4 o 089S 2 £ 9o

= AN A7geld o8 Cd HAAFol F/ML4E Cd HA o] Bolx|R|
=7 X HA7] dEelth, x2e Cd MiEe Cd AH T ds 2ux
WAEA 4 Aoz veyt 8 da un Z7E7E d9t. = Cd o] A
&9 ujdo] W E&ge ¢ 4 Q)

o,
ofN
)
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Table 18, Metabolic trial of cadmium-exposed rats

agus Cd A2 <& (ppm)
A (0) B(25) C(50) D(100)
No. rat 3 3 3 3
AXNAAF (g) 28251834 | 2745%479 | 286.95+15.0 | 182.6+456
FTEANAZF (g) 209.3+844 | 2904+489 | 3086*125 | 188.4+514
dIFFAF (2) 281+09 | 264+t089 | 388+059 | 0.97+097
=% (ml/head/day) 287+172 243*65 232£59 22.0+42
FAEFAF (g) 972+183 | 954%101 | 66.0+0.15 | 856+423
At® % Cd ¥% (ppm) 0.06 23.83 46.38 9447
T CAdAAF (ue) 58 2,273 3,061 8,087
TEE (») 970+342 | 9.84*+147 | 656%1.31 6.91+1.84
 F Cd &% (ppm) 21.37 1374 216.4 3799
e T8 A8 F () 207 1,352 1,420 2,625
FTuF (g) 62.3+515 | 61.3+327 | 355+179 | 50.4%33.1
k= ¥ Cd¥&# (ppm) 0.39+0.11 029+0.16 | 0441006 | 2.01%33.1
=ETT AT (ug) 24.3 17.8 15.62 101.3
T WA E (%) 0 60.3 46.9 337
Cd retension ratio 0 39.7 53.1 66.3

* 697 =AX (6/10-6/16)



4 Ft=Fd] =2HUD FEL =8 F

E & FM FES Cdo] A= J&E & 4 Utk
7l FATAM 28 8 Cd vjde] A3 Aoke Adelth. ey g
Z12AU e FHcd e 38 HALr] FATFAAN Cd FHF] Fouz olg ¥
dted B fiAmr] F9A Cd wjde] o ME £EE o|FXE Aoz A8d
o =8 3% Cd slide Cd¥ol 4323 & AL Holuez 2E A7 2
. 2y Feld AL AR FoE AT YoM F m=Fo] @A
F7HERT. AR Cd FHo] A7 FAFAA HAALD o7t oful o7]4
A HIRHA &y AlsEH. F 229 Cd MidFE7E dASHEE = wWAdF
A 7} BobAA AFe X9 FHe] Rotd Aoz PZArHE 19).
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Table 19. Metabolic trial of cadmium-detoxified rats

Treatment (X 27] A7H¢E, %)

A(0 ppm) | B(25 ppm) | C(50 ppm) | D(100 ppm)

A
o
oft
4a

0 (100 0 [100] 0 10| 0o | 100

LdF5AF (g/day) 174 | 406 | 1.20 | 540 | 2.00 | 282 | 274 | 2.14

=% (nd/day) 25 39 28 52 29 42 34 35

AEAAF () 863 | 964 | 666 | 999 | 814 [1063| 912 | 96.0

Atg Cd €% (ppm) 006 | 0.07 | 0.06 | 0.07 | 0.06 | 0.07 | 0.06 | 0.07

Cd 43 %F () 52 | 67 | 40 | 70 | 49 | 74 | 54 | 67
T EF () 10.76 | 9.82 | 7.98 | 757 |11.43|13.39 [ 1053 | 8.78
¥ Cd &% (ppm) 132 | 068 | 643 {431 | 785 | 155 | 474 | 1.33

=& T AEF (w) 1420 | 6.67 |51.31 | 32.62 | 89.72 | 20.75 | 49.91 | 11.67

F 2F (g) 458 | 1375| 71.1 | 149.7 | 69.7 | 119.8 | 885 | 109.0

= Cd ©% (ppm) 0.06 | 0.01 | 008 [ 001 | 031 | 002 | 0.10 | 0.21

=g T WAH (u) 27 | 14 | 57 | 15 [ 216 | 24 | 89 | 229

Cd retension (ug) -11.71-1.37|-53.0 | -27.1 | -106 | -15.8 | -53.4 | -27.8

2, AA71& F97 =F A5 nAe 9

7t IlEE TE A¥

HA71Ee] SA=F) F5Q AN 95 Ao Uy JPe MA=AE 3
7Ht7) fste A 65 g AwHolo] J=EL HrlEd 22 STAAG.
T8 A AFH HolBE&E sl=Fol 358 ADTFAN Az @A Ugoy s
B 35 =St St @A Aol BolAE FATHE 20).



Table 20. Growing performance of cadmium-exposed rats

2 0= Cd A& +F(ppm)
A(0) B(50)
No. rat 18 36

AXNAAZF (g) 96.6+5.88 96.19+5.06

FENAZF (@) 3253+34.3 305.11 £28.52
A2 ZFAF (g/day) 553+1.22 5.08+1.05
A2 AF (g/day) 1591%3.16 14.84+2.92

FER (gain/feed) 0.37+0.14 0.36+0.11

4% (nt/day) 25.68+6.43 23.831£4.80

FEgol 259 A YREFN)E A F7) TAYG M= 27, &
284 ¢ BRIQE 21). AEZ2AF AvEaRe S=F HETAN @A
st @A JdeEth olE ME dFHND A Zo] FA=Fo] AR Al
dge F7) GEoT. AH 29 RAE A=Fo] FAHYA AATNN &
Uegton A% 100g ¥ 3 Aae BAE gay & Aoz yshgg. e
238 ABAA J=F T F ARAE AREE Ro2A A=FY F47}
s 71zke] HE o o8 SA=F FFo) vdadd Aol ohdA ARHAG. I}
o Rolo] wa} 2N A= 54 A4S B 5 AT B3 AgeME:
Bl A=E FEo 287t U o] FAHH JAe e HAT A Cd &
AP 1% 499 50 ppm AATFANN Btk AASA RL 672 ppm QAT 1%
A¥e AL 50 ppm FAF (C) oA 1554 ppm o] SAFHGYUT AFqAY &3
FE wR7tA 2 g 23kth(14.02 ppm : 2%, 3113 ppm : 1), Jt=FS WA
o]z} B3 A2 metallothionein® J1=F Foo] o3 A3 ZF/1ELS BRI o=
1% A8% S Asgc |



Table 21. Hemoglobin contentm, hematocrit value, metallothioneinm, and organ

weight of cadmium-exposed rats

Cd A8+ (ppm)
S I
A0) B(50)
No. rat 6 6

Hematocrit (%) 386+4.43 20.67+350
Hemoglobin (g/d¢) 12.721+4.20 539%157

4 4.18+0.26 4.37+0.26

A7 5A
(g/100g Body Az 0.69+0.04 0.68+0.05
t.)

v AL 0.96£0.11 1.04%=0.13

43 12.99+3.26 13.21+194

BNFA (g) 'y 2.14+053 2.07+0.32

AL 2.92+0.41 3.13+0.32

7+ 0.44£0.20 6.72%£1.30

Cd¥% (ppm)
Al 7 1.11:0.84 14.02+1.06
MT &% (ug/g liver) 295+0.48 56.12+10.00
GPX v
+ +
(mM NADPH/min/g liver) 0.015+0.014 0.017+0.002
SOD (Unit/g liver) 10.00%£5.00 72E35

x A@71Zt 1 97.5. 6 ~ 6. 16 (637

dAL AEe AN ARE oe E 229 2. A9 Z2AZL =B Hg
T BE fFAFHez WA Ug = 50 ppm AP A Limgs A3
=8 T A4S FAY UF Ador B A4 26m AES) EgY



Table 22, Metabolic trial of cadmium-exposed rats

R CdA ?l*’v“-i‘—(ppm)

A(0) B(50)

No. rat « 3 6
ANAAZE () 2733+58.7 291.80+31.71
Z8AA%F (@ 2902+616 304.17+32.25
AGEAE (g) 2.82+0.49 2.06%0.78

£4% (m¢/head/day) 26757 22.65+4.40
EFNEFAF (g) 98.8+11.3 99.72+11.45
A8 % Cd &% (ppm) 0.02 46.38
% Cd A% () 19 1141.79
R (g) 8.31%1.01 9.27+1.25
% Cd %% (ppm) 284+37.8 281,37+ 4450
Be S8 - (u) 236.0 2608.3
3x% () 60.58:£24.7 49,63+ 14,67
% Cd%% (ppm) 0.10£0.06 0.92%1.46
= EFT MAH () 6.06 4290
Cd retension (ug) -240.2 -1509.4
AE717E: 97 6. 10 ~ 6. 16 (647 EAH)
U, X 71Ed 2% JI=F A5 AlY
HA 7180 Ft=FA FEE FHAA HE Ao ow FFE X=stE H
Aet7] Sigte] SHEFo 5 AdA HAAVEE $54 J1E U WA 657

7+ A%agth ATH BEE SEEL o o4 BddA @
50 ppmE AEHoz Fo34tt. CLTFIEE 50 ppm AE 599 lard F9T)

& CCZUIE¥E 50 ppm A& Fost SFEF7E Fo)d vALdAE ° 4] &
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Table 23. Growing performance of cadmium detoxified rats by lard feeding

Cd #1242 (ppm)
8= A0) B(50) C(50)
Corn Lard Corn Lard Corn Lard

e

No. rat 6 6 6 6 6 6

316.9% 348.8° 3159* | 3055% 269.4° 334.4°
+494 +36.9 +31.3 +10.2 +66.5 *265

407.4° 453.1° 468.9° 452.9° 308.8° 393.2°
+£79.1 +61.5 +524 1365 +101.1 +34.3

2.16™ 248 3.64° 347 0.90° 1.14°
+1.28 +2.15 +1.61 +152 +1.14 +0.94

ANANAZF (g)

FEANAF (@)

U435 A F(g/day)

1756 | 2021* 21.33% | 19.38* | 12.83¢ 17.09°

AEAAB@/aY)| hes | w7 | +1es | +198 | 2213 | +383

0.12* 0.12*° 0.17° 0.18 0.06° 0.08*°

FER (gain/feed) | 1007 | o1 | +0o07 | =008 | 008 | =006

S5 % (ul/day) |338%26°|41.8+7.0°|33.3+3.9°{34.2+3.0°|22517.3°| 262+ 26°

* =005

Abgol 28d ¥ AE A A7) FAS JN=F F, 1284 5¢
2T HAIE FAE A=ES FAR CZAM AFZ0 gL a%E F
T ALE YRt dE22dd IriEane sog ASHIFC)AA @A
A RA dege. ole AdME dFHUD A Zo] Ft=Fo] R thAtd] o
FE 71 dEcld. Jt=F9 FFol FEH A% BEAAME JEZ=dF fue
AR EF BPAR HEe] HYow HARAJE 4§ &7 vehA @it
9 FAe H=FC] A% FAHE A TFAA BA dehkt A7 TAE X
g7 e Aolg HolAw AT Fgol oA HAer] @, A
T Fodl o) A7 AN LA A A AT AL B £ UG AF



100g 3 Z71FAE AL 33 Jio Ao sl=F A%
= 548 F= F-CL) Z71FAR B3 A(AOS A9 FAMSA vrebgoh

FATFAA A7

Table 24. Hemoglobin content, hematocrit value, and organ weight of cadmium-

detoxified rats by lard feeding

Cd A #4%(ppm)
z243E A) B(50) C(50)

Corn Lard Corn Lard Corn Lard

) 41.0 38.1 39.1 39.8 23.8 25.8

HematOCrlt (%) i1.4a i4 la il 4a __}__4 7a i3 6b i4 lb

. 1879 | 19.03* | 1861*° | 17.04* | 998 | 11.71°

Hemoglobin (g/dl) | 1015 | L364 | +216 | +286 | +246 | =135

o4 | 1235%° | 1434® | 1528 | 4.13° 880° | 10.72™

Y| £323 | 2588+ | *£170 | =390 | +3.11 | +313

212 | 266 268 | 252 | 195 | 250®

BAFA @ (AR Lom | +o022 | +045 | +018 | 2040 | +0.24

A 286 3.05 3.26 3.30 2.98 3.40

°1 +£048 | 079 | 015 | *012 | *064 | *027

4 | 300" | 308" | 326 | 295® | 283" | 302"

| £040 | 028 | *£030 | =020 | *014 | %015

BARA g/ | 44| 054 0.60 0.57 0.56 0.65 0.64

100g Body wt) |~ °| +016 | 006 | +£005 | £004 | +0.12 | +007

B2 0.72° 0.69° 0.70° 0.74° 1.00° | 087

| +012 | 022 | £009 | £007 | 015 | +0.11

* g= 005

FI=E9 F9d wEt 2FdAY =R FF A4S B & ddd 53
AZode A FI=F Fx 267 & <o) FAF JALL Btk 7
A Cd EXFLe ASE A% FAT F% 10 ppm AEAA F5HQT. A4S

A" At BAE TN HAAZES F98 T2 oA st=F FFo] wkoy



NHEgE AS T TAdAE 2318 I=F dFo] Boldl. HAISL MTA
doll dFE vXA G Ao BAH
Table 25. Cadmium content, metallothionein, GPX, and SOD in the organ of

cadmium-detoxified rats

Cd A8 4Z(ppm)

2435 A(0) B(50) C(®50)
Cormn Lard Corn Lard Corn Lard
A | 101 | 087 | 69 | 57 | 880 | 1072°
cd o S| £093 | £0858 | 121 | +315 | 311 | *3.13
(ppm) | 2047 | 235" | 2283 | 2384 | 195 | 249°
S0 £108 | £0.83 | £1983 | £21.98 | +040 | +024

] . 1257 | 1279° | 2574 | 2315% | 208 | 3.40°
MT #% (/g liver) | oes | S630 | +296 | 2001 | +064 | +o27

GPX (mM 0.008 0.011 0.055 0.125 0.277 0.177
NADPH/min/g liver) | £0.004 | £0.005 | £0.087 | £0.008 | +£0.103 | =0.010

o 6237 | 7578 | 7240 | 7015 | 9753 | 7754
SOD (Unit/g liver) | ) es | 11356 +542 | +160 | £1364 | +31.86

N7 97. 6. 17 ~ 7. 28. (6 37V
x a= 005

4

HAMN M 5718 B H& NEF AS FATFY AL H7E9
ga £ T W Fo] vl S Foldte AINE 26)0lth. EE =B EY wAc
o wou AAHLR Hole W =8 5 P9 HdEGE B 5% g Ao
H et F GA7EL dol 2%5E AL BHsd A= AL RdTNE
oY 4 49 JL=F d5 FeoE BEsx G Aoz gAY



Table 26. Metabolic trial of cadmium—detoxified rats by lard feeding

A (0 ppm) B (50) C (850)
2493
Corn oil ‘ Lard Corn oil Lard | Corn oil Lard
Rat No. 3 3 3 3 3 3
. 303" | 4666 | 4607 | 4142 | 3572 | 3669
ANAAL @ | 11003 | +a81 | *585 | +76 | +514 | =234
. 3777 | 4501% | 467.01° | 4199% | 3648° | 3682°
FENAT @ | 4ggy | +432 | 4505 | 113 | +488 | =210
. 093" | -151 | 129 113 | 151 | 025
AREANF @ | sopq | +487 | +£195 | +305 | 157 | +086
N 77 | 460 | 280° | 373® | 265 | 713
T m/day) | a5 | 444 | 56 | 108 | *£74 | *431
] 6020° | 6035 | 8205 | 7940 | 7355 | 8200
Al =
MNEAAF @ | Ly | +717 | +055 | +584 | £076 | +131
A2 Cd 8% (ppm)| 0064 | 004 | 0064 | 004 | 4708 | 41.40
Cd HAF (ug) 39 24 53 32 | 3463 | 3395
£2a @ 566° | 84 | 826° | 782 | 896" | 1352°
e 8 +174 | +231 | +094 | *381 | *141 | *101
] 1593 | 1317° | 1310° | 303 | 307.70° | 350.83°
a 3 :
© Cd &% (opm) | 4749 | +1168 | 502 | +253 | £29153| +39.94
wemg A% | 9016 | 11155 | 10821 | 2369 | 356340 | 474322
] 534° | 1399% | 596° | 954® | 666° | 1880°
T= (@) 154 | +76 | =256 | +473 | +329 | +1057
] 0.10° | 0.10 128 | 010 | 038 | 034
= Cd®® om) | Lo06 | 4010 | £194 | £008 | +022 | *030
wEEd uD(w)| 584 | 1399 | 7620 | 954 | 2531 | 6392
Cd retention (z&) | -921 | -1231 | -1792 | -3008 | 1257 | -1412.1

* NY7IZk 1 97. 7. 21 ~ 7. 25 (64 EAF)

* a= 0.0




3. A= %] F54 d3d ARV AAE LI A= 4%

7t =R 55 A

BFAFo) 723gd SD. ratg 545 ALHAY. HAV B @ B 2
A AP wtAAE SI=FS 0 ppmT 50 ppm F ATz UYL si=
ol JEA FaAIY ATl BH FAEUSS B 4 Yoy Holage ol
7F AAHE 27).

Table 27. Growing performance of cadmium-exposed rats

R Cd A 24 (ppm)
A(0) B(50)
No. rat 18 36

AAANAZ (g) 725+48 72.14+4,03

Z28AAZF (o) 308.8+33.4 ' 250.32%21.22
dFFAF (g/day) 5.62+0.73 4.46+055
A2 M ZF (g/day) 15.44+1.89 1252+2.71
FER (gain/feed) 0.37%0.09 0.38+0.11

+5% (nt/day) 20.2%55 17.04+ 351

* Y721 97.7.1 ~ 8. 11 (6 37F)

AtEAIEe]l F2E F A% AGFH)E s A7) 2A9 =R 27,
BAEY 5 BEIFATE 28). AEZ2HF FulEARL F=E HFA
| Uebtth ole HAAE AFHAA R Bo] F=Fo] IR

71 dEolth. 3 A%, Are FAE =g FAHYY AYP
A BT WA vt st=gol #7] 4% 48 FULe 2y, aey, A
T 100g F T FAE I=F FATAA g2 ¥ Aoz Yegoy A%n A
49 ¥ 7I2F FATAA ti 24 YEntt. =89 Fod wa 2o



9 JIER 4 4L B 5 AUt 53 AFANE gAY =g Bxo) 2w
7bde %ol x50 A8 BAth DM cd 2HFe 14 489 50 ppm
A8 T(1554 ppm)oll A B} & 856 ppm o]PoH ol 23 A £Z3 HA}
stk ARolMe FHFE 23 2Y W} FASA Utk (1402 ppm : 24).
FHEES Aoz B3 A metallothionein® Ft=F Fojo] o8] @A =713
¢ Bl GPX$ SOD A= FIEEF0) o8] Folde myrh

Table 28. Hemoglobin content, hematocrit value, metallothionein, and organ weight

of cadmium-exposed rats

Cd A 24 (ppm)
4% 8
A0) B(50)
No. rat 6 6
Hematocrit (%) 35.83+1.29 19.83+2.76
Hemoglobin (g/d¢) 1557+0.84 8.83+0.82
7t 13.75+2.02 10.29+1.86
Z71%EA (g) 2 7 2.19£0.33 1.76£0.24
AL 3.27+0.31 2.91+0.72
zr 421041 3.98+0.27
7] B
71 NG 0.67+0.05 0.69£0.05
(g/100g Body wt.)
AA 1.02£0.18 1.12+027
Zr 0.65+0.71 856708
Cd&%# (ppm)
. A7 1.32+213 14.39%+3.03
MT % (ug/g liver) 857+3.82 37.39+10.69
GPX(mM NADPH/min/g liver) 0.124+0.053 0.193£0.024
SOD (Unit/g liver) 5151£5.83 8445+12.16




A AEE AAE ZAAe g E 209 Z2th Sl=F 50 ppm A T
BT 0Tmgd AR =g % HL FAY 9 Agonw B BHM A
AZ 20 M 19mg =7 WIAHAT. ol AL 23 FE AYNE

e AT
Table 29. Metabolic trial of cadmium-exposed rats v
R CdA 2+ &(ppm)
A0 B(50)
No. rat 3 6
AANAZ (@) 2835+50.1 250.6+39.6
FEANAF (9 296.0+67.9 2687417
dZFFAF (g) 251+4.17 3.03£0.95
5% (ml/head/day) 34.8%3.0 26.7£23
FAEFAF (g) 17.61£5.67 15.03*+1.97
AtE F Cd &% (ppm) 0.02 47.08
% Cd 4# % (ug/head) 0.35 707.61
FTEF (2) 10.35*+2.66 8.92t251
¥ Cd &% (ppm) 562%717 217.58+87.90
S 5 AF (ue) 58.17 1940.81
ZFx% (g/head) 88.4+54.1 49.07£45.75
= ¥ Cd &% (ppm) 0.11£0.16 0.19%0.07
ETE WAEF (w) 9.72 9.32
Cd retension (ug) -67.54 ~12425

* A|E717H:97. 8.4 ~ 97. 8. 9 BGYF B



o AR AR E B4FH7 AR AEd A 9%

AR E iso-calorie® AZIYLSAE EFST HAXIEF Ax 77 FA
of 48 AT Atg dAFe] g FE A HFo| BA veiw. Holm
€2 HAXA7I% HAZEY FA FATAA 0 EA Yt

Table 30. Growing performance of cadmium-detoxified rats by pork and lard

feeding
Cd A&+ &(ppm)
AW B(0) C(&@50)
2492
Corn Lard Corn Lard Corn Lard
casein pork casein pork casein pork
No. rat 6 6 6 6 6 6

27738 319.2 2704 2465 275.3 2645

ANAAZ @ | Lg98 | +159 | +4l5 | +462 | +330 | +322

3775 4535 4177 410.1 3578 399.5

TEAAT @ | 1459 | +504 | +578 | 1616 | +668 | +476

2.72 3.86 4.02 454 2.74 3.71

oheE ) ek .
dR9SAR (@day) | L5 | <1853 | +107 | 2082 | *117 | +098

16.28 20.06 18.89 19.74 17.39 20.00
+2.03 +1.34 +0.62 +1.24 +£0.65 +0.26

0.17 0.19 0.21 0.23 0.16 0.19
+0.47 +1.14 +1.94 +0.66 +1.81 +371

MEAHF (g/day)

FER (gain/feed)

21.73 32.18 2850 24.38 23.85 21.60

O A~
=TF (nt/day) +2.78 +4.00 +3.53 +248 +4.53 +3.25

FH=F AHE 9T A% BAYTY B¢ AES2HF drieasly ¢
A7t A eg JBIJHE 31). F=F A FATY FF FAAARTG @A
Ustov 7183 A7t FAld Fod As ARI2NG riEAY F3
7b Ay Holrtt A Ut viny =g % FE diA Zoi7t HE Re=



[+

ALREAUT. Z71e FAE RYE JIEE AS FA4TY AF 100g T A2 FAN
BASA Fokoy HAYI% AR 71E FAFAR o] FY g RS F
Atk AAZIEF HAR7E FAA FAF B 2 AFA Ft=Fe] 2HFo
A5 F5e RAFAY. F HA7IER GA2VE FA HE AS A=F A4S
of ¥ 4% WAE Aoz AEHYU

Table 31. Hemoglobin content, hematocrit value, metallothionein, enzymes, and

organ weight of cadmium-detoxified rats by pork and lard feeding

 Cd A¥%$F(pm)
A0) B(0) C(@50)

23992
Corn Lard Corn Lard Corn Lard
casein pork casein pork casein pork
No. rat 6 6 6 6 6 6

Hematocrit(%6)| 37.0=1.92 | 37.3+1.94 | 36.7+1.44 | 3584125 | 19.3+4.15 | 23.6+3.60

Her(‘;‘}i‘;bm 18.28+1.68|18.89+1.55/18.17+0.58|18.69+ 1.49|10.94+ 2.85/12.20 £ 2.82

b 12971024 12.84+0.08 294021 |3.12%0.13 | 3.03£0.30 | 2.74+0.13
F71 %A

(g/100g {213 059+0.02 | 056+0.05]057+0.04]057+0.05 | 061+0.06 | 091 + 0.10
Body wt)

7442 0.81+0.12{0.72+0.09 | 0.81%+0.12 [ 0.76 £0.12 | 0.57£0.04 | 0.83+0.05

cd g | & |005£0.05/0.01£0.01[688+1.12|5.69+1.17 |16.37+3.47|1553 £ 350

(ppm) 2174 0.06%0.04 | 0.02+0.02 (16.89+2.48(11.73+1.11|30.49 £ 3.08(28.44+3.04] -

MT &% 12.57° 12.79° 25.74™ 23.15™ 2.98° 3.40°
(ug/g liver) +7.83 *+6.30 +2.96 +9,01 +0.64 +0.27

Ngll;)l)){H(/nrrllll\ﬁ/ 0.008 0.011 0.055 0.125 0.277 0.177
fiver) 8l +0.004 +0.005 *+0.087 *0.008 +0.103 +0.010

SOD 62.37 75.78 72.40 70.15 97.53 7754

(Unit/g liver) | *14.66 +13.56 +5.42 *1.60 +13.64 +31.86
* a= 0.05




WA Y g BE JlEg A 54T A$ HAnr)e YR/ E B
Al Folol g3 o B F9 =g Rog dWdEE AL B 4 JHE 32).



Table 32. Metabolic trial of cadmium-detoxified rats by pork and lard feeding

A (0 ppm) B (50) C (®50)

SHYE Casein Pork Casein Pork Casein Pork

Corn oil Lard Corn oil Lard |Corn oil{ Lard

Rat No. 3 3 3 3 3 3
S 3823™ | 4666 | 4607 | 4142 | 3572 | 3669
ANNAZ @ | Li003 | +a81 | +s85 | +76 | ~514 +934
o 3777 | 459.1® | 4671° | 4199 | 3648° | 3689°
FEAAT @ | Loy | +a32 | +505 | £113 | +488 | 210
.. 093" | -151 | 129 113 | 151 | o025
AUSAR @ | oes | asr | +195 | £305 | £157 | 086
. 217 | 460® | 280° | 373® | 265 | 713
=43 (nt/day) +35 +44 56 | +108 | *74 | +431
. 6020 | 6035 | 8205 | 7940 | 7355 | 82.00
MERHR @day) | Te | t72 | tos | 458 | <08 | 13
AV Cd #% (ppm)| 0064 | 004 | 0064 | 004 | 4708 | 4140
Cd BAZ (ug) 39 2.4 53 32 | 3463 | 3395
259 () 566° | 847 | 826" | 78° | 896° | 1352
=R *+174 | +231 | *094 | +381 | £141 | *101
] 1593° | 1317° | 1310° | 3.03° | 397.70° | 350.83°
ECAHR kom) | o5 | D017 | ks0 | 225 | 2015 | +399
PSENLT ()| 9016 | 11155 | 10821 | 2369 | 356340 | 474392
] 584° | 1399® | 596" | 954® | e66° | 18307
TuF head) | Jyoy | i | +o56 | ta73 | 2309 | +1057
. 0.10* | 010 1.28 010 | 038 | 034
= Cd &= pm) | g +0.10 | +194 | +008 | +022 | +0.30
wESRNEY ()| 584 | 1399 | 7629 | 954 | 2531 | 6392
Cd retention (zg) | -921 | -123.1 | -1792 | -3003 | 1257 | -1412.1

* a= 0.05




A 3 & =HXZIIY HAIIS0 4 S50 ojxf=
g

A 1@ A&

1L 4% &9 ¥98 %

ugol s 1970 & on JtEdoly HAEM ¢ AEE dWHoz
FAAZIR ey ¥ Fxo d AH AdE FT JFo] @FHI| Wi A
& AL 7T gtk oREY AIFEAA @ HFAE FE HAAE B4 29
g ol F FF0] 10 pg/der] Frohd ool B 9ol AAzA &4do] fow,
&9 FFAE Pb 30 pg/dl Aol o] Hsdte T F3Eo] BIEY. uHhA
FAAAL 4L & AR AT 8L 64 vT gHole 60 ug/Y, TH ol AHele
150 pg/Q, QAFE 250 pg/Q AU B¥E 750 pg/LE v FDAE A
tH(Carringtones,1992). & E 33dA & st AE £ FqH78 & §FE B4
% Agolth

i



Table 33. Lead levels in food categories

Categoris Description n l\fgz Mn(;d/ign iagr;ggek
I " Milk and dairy 13 6.56 4.80 1.94-176
i Meat and poultry 18 1850 12.40 3.03-67.0
m Fish 6 21.20 13.50 4.73-41.0
v Soups 4 26.30 25.30 3.74-42.0
v Bakery goods, cereals | 29 23.50 16.30 1.58-247
Vi Vegetables 37 29.30 12.00 1.42-182
Vi Fruits, fruit juices 24 60.70 21.20 1.85-407
Vi Fats, oils 3 8.10 6.00 3.11-152
X Sugar, candies 8 32.80 30.30 1.9-69.0
X Beverages 5 47.40 9.20 5.13-141
coméilsites 147 29.90 1470 1.42-407

* Dabeka & McKenzie (1992)

FAUTRAN AT SHF FFS TS AHYARYS) 2A muPs
B, 4978 A gelAd #viEn Qv 1159 SNy, aud, SA4% 224 943
A, g AgE, A3, ), FFF, F2Y)S 24 BHRT. o
2% AT keT HAAFAN 23} Sl=Fo] FAO Hu Y 3 84x) $F¢ 24
€ T A0 F, ¥F Age] ¥R J=F HHFo] BrE AL ou g

Sharma (1982)2 (238, 574, 2145 ppm)¥} FI=E(0.23, 241, 10.12
ppm)FEANAM HA ] Fo] Al HRAR7] AFREYE ol FFEo] A @t
i, A ARA FHo]l gohm Rugon o oy AFL AgozE A
2 goha o

Korsrud &(1988)2 @& pelleted diet®} semipurified diet2 F Al2 &)
g 29 A adE vagdd E& ATFY e dzF(d 22D A
of 4% DALAD &%¢] semipurified diet FJA17t 7.35 unit2 pelleted diet ]

J_.

¢



50000 fredos gt a8y BEQFONE DALAD(S - aminolevulinic
acid dehyratase)@ @] FAlgzbe] Hol7t JAAH= @kt Slg activated
DALADE FA3< wWe ve AFE =Byt  F SHEFd  BAYe]
semipurified diet 77} pelleted dietol ] B} DALAD o] fosiA =
i, A SE 0 ppm 79 100 ppmTFZHel 2ol QU (F 34),

Table 34. Effect of diet on the response in blood to a single oral dose of lead

acetate
Lead dose . Hematocrit . Activated e
(ne/kg) Diet (%) DALAD DALAD" Ratio
0 Pellets 417 5.00 557 1.12
0 Semipurified 41.1 7.35 8.15 1.11
100 ~ Pellets 440 '1.10 5.65 5.60
100 Semipurified 41.2 1.08 7.18 7.10

* nmol porphobilinogen formed/min/mé red blood cell
** activated to non-activated DALAD

2. ¥l g4t

Forbes and Feina(1982)¢] &3td FHAAN 28#L 58 do F5ge
AF 2097A = 80~90%E olF Fom % FAI Fistd AF 24YdE 40%,
32 7AA e 15%2 oAk, W Kostial F(1971)& F3o2 Fog Feo] As
Z Freo] A% 4748 FANA 52% @ F&F AL 1% olseta B
w3tn vk Aungst F(1981)& H+E F38to 1~100 ppme & 250~350g9]
FAolA 149zt AHAAZE W A A F¥=rt AAND G530 v F71
o, ditdeos dASR Sle ANYE AAY 2o dstd wHse FrteR
E St Rusdta vk Keller and Doherty (1980)% AF A AF lkeB 4~
445mge] HE 43 FTHoE RS W Fr] £ 23 ¥ FEE YHI>A



A>AA>EA E¢ drhiRey Reid g 420 MaAdNe ¥9dn wus

3 9

iy

TH =Y 5459 dtnolM AFE Holg A HPAZ uF ¢ 4
T4 AA7Ie] %Y AU 27 f Bxo] mAE Yo B Ha(o]wsst
d2= 4, 19949 IH, wlFge] ¢ ojst P HANHES W o %, A
T R EF2HANAMY FH9 binding capacity £ A= Pl & Hlg sy
AR BAE FEY Fe HHEE ARE AEHow HANGS o =Tz
AdE dz2H9 & FEE steady state FEIsto] YA Do} wabd Al <
g Y wAHA HAAN do BHU)BLe FzAole B 4 gow wH
FTEE AU 953 JHEds 49 ¢ 4A5Fd e JRE AT
< Ao gy Ry
&%, Fowler $(1980)2 0, 05, 5, 25, 50 2 250 ppme] W& F4ats 4
AH ZR71E s RAE S, 22 AFoE Y HANHS o
5 ppm °1°29] & FHE ALE 1Y 5 HIAY £AGN A 2}
Zratgiod, Agede ot YUTT Busta Jow, Bot oha £z o AA
5 ppm o143 d& HANZ TN, 22T FRAME 250 ppm o] Fol A
FAEAA histopathological lesionel #RHYYTT Bustm Yoh,  Miller and
Massaro(1983)¢] B aoA& 2t glold Aol 4% 6dolA 18U ESH 32 71 o=
AF lkg < 50mge] ¥ intragastric intubation WYL T BsUe W Yo =q
E AT dgE Aoy A3 FAs 2osgdn nagen, Ay 49
e FE2 AFE T3 AYZ wdo] dolu vy G2 EH g8 Ao A%
AR TEH LS L 39 do] AFAEEZ §9E 0 wz A=A 2o
o] proximal tubular epithelial celle] intranuclear body BElZ ZH 5= A o A
de novo protein synthesis7t 4ojvtr] HEo2 g8 Yok Mistry 5 1982).
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wol 544 BANE NY, WA, AF A5 B, T A5, 47

Zol, 499, Holr18, F4 Fol RuP Yk ESE AYF +¥0A, 4

£

Alg tHWaldron 1980,; Hansan% 1967).

ALY F(1992)% AdFe TANY BESe #F 44wy #F A4
AT AE7E, A, HAETS, RSN, IrEARR Y A7 FAHA T,
U FFFol A% FUHNAeH, = E¥8FE F71H3, & -aminole
-vulinic acid(ALA) ##% 200 ppm7¢ 1000 ppm FolA 4 14 RE A
o2 F/HESE ¢ & UHE 35). DALADE HEMEA #A A & -aminolevuli-
nic acid(ALA)E& porphobilinogen.2 AFA 7 EH o &E8E §42 Y& DALAD
o &4e AMANF22A HEMAAY AFE F+ Aoz ¢HHHWapnir 5
1977,;- Mahaffey & 1974).

Table 35. Effects of dietary lead on 6 ~aminolevulinic acid (gg/ml) in urine of

goats

Group |Oday| 7 | 14 | 21 | 28 | 42 | s | 7
Pb10ppm | 068 | 115 | 122 | 168 | 154 | 147 | 192 | 1%
Pb 200 ppm | 089 | 160 | 164 | 188 | 264 | 274 | 248 | 281

Pb 1,000 ppm| 084 | 191 | 306 | 471 | 411 | 307 | 371 | 3%

Control | 080 | 1.02 | 088 | 070 | 1.06 | 100 | 086 | 117

* A2 (1992)

Sandhir & Gill(1995)2 FH A AFF 50mgFT9 < 8F7 Fo Al
AMEee FA3T g A A9 peroxidative damageE ZFIAATIL BIFHE
36).



Table 36. Effect of lead exposure on antioxidant enzymes in liver of rats

Control Lead-treated

Superoxide dismutase (U/mg protein ) 12.01 6.42

Glutathione peroxidase, 310.96 246.03
(NADPH oxidized/min/mg protein)

Glutathione reductase, 11541 78.97

(NADPH oxidized/min/mg protein)

4. % dAtdl 9FE FE Ho] 29

2220 ¢ 35 9 879 ¥ANE B =9 @

ZHd MAE 9P HTAYT. & F ALA 2 5D WAE ¢ I A foH0

z O 22 FTM PAE HATHE 3%). "9 =

, FATANND F2E HQAL(E 37), WS ¢ F2L ¢ @

5 FTH 239 FAF Aol Aol Holx @stout 7, AA, YETe A

Z2I-GFAZNA F ©5 FATRY 7228 Uednh W% xzo ¢ )

F& WFFATol JRFZRT Bgow, MHE Z2-gFAR ¢ BE FAT

Brd 5& uAFE 2 wE noHE Aolst R gyt & 22 23Ee ¢
52 9842 £ 3lg Aoz wudy. |

— 60—



Table 37. Effect of extract of pueraria radix on hematocrit value and blood

DALAD activity in rats

Group Hematocrit (%) (o I]zﬁLﬁéz}/agiggm 0
Control 43.1 427
Puerarix 43.8 68.0
Control-Pb 36.8 295
Puerarix-Pb 381 385

Table 38. Effect of extract of pueratia radix on 8- aminolevulinic(ALA) and

urinary glucose content in rats

Group ALA, pg/24hr Urinary glucose, mg/24hr
Control 325 2.20
Puerarix 29.0 4.20
Control-Pb 152.9 1497
Puerarix-Pb 100.3 8.01

Mylroie's (1977)& #o] § @¥A &3} olnjxet J7 A QA3 23y
' A7 AAE 2udth A YA@®% casein + 1% alanine) FE Az 2=
e HHA = F ALA WEFE FAIARAF(27% Casein)ol] H| 3 28] o] Ato]
fed, 9 T F FEX 369 4g/100mlE FAIWATY 61 4g/100ml B} 9
Hog2 3. 22U methionine®} cystineS ALE Y 1%% H/AdE & 4%
&, =% aminolevulinic acid (ALA)ZZFE 984 Asgdd =3 8F F &
g 23T FE OGE YL BAN Y F F FFS FF5E AFdAHE A
EE2 AEE § gz AFHUHE 39, F 40).



Table 39. Concentration of lead in blood and tissues of rats ingesting different

diets and consuming lead in their drinking water

Diet Blood Bone Kidney Spleen Liver
Nor.P +Pb 61 384 50 38 44
Low.P +Pb 369 243 37 89 54
Low.P + Pb+Cys 46 259 40 15 2.1
LowP + Pb +Met 65 205 32 24 18

Table 40. Hematopoietic effects on rats ingesting different diets and consuming

lead in their drinking water

Diet Redc;:l»iood Hemoglobin | Hematocrit | Urinary ALA
% 10/mm® (g/100me) (%) (mg/100me)

NorP -Pb 7.30 146 428 0.40
+Pb 5.83 115 306 212
Low.P -Pb 742 138 416 0.31
+Pb 5.68 10.8 304 - 4.61
LowP +Cys -Pb 6.96 133 389 0.36
+Pb 6.54 12.6 348 2.33
Low.P +Met -Pb 6.91 13.8 385 0.41
+Pb 6.56 12.6 34.8 1.49

AAE S198NE W3 ARFES ST Yolz AT A A WA
of BF AT AWHHI Bod PbFs FtEdn Ragd (R 41)



Table 41. Pb contents in blood, kidney, liver and bone of experimental rats

Group Blood Kidney Liver Bonfa '
(12/100me) (ug/g) (ue/g) (ug/g tibia)

Low lipid - 40 32 10 34
Low lipid-Pb 440 7,988 580 1,880

Standlipid 5.0 29 11 29
Stand.lipid-Pb 35.0 5,967 816 1,419

High lipid 40 27 20 37
High lipid-Pb 450 19,306 877 1,909

Donaldson(1991)2 Holg|& FAIgtYq EE5 Al 348 A (ethoxyquin) &
A7t Aol EF55 3 4FAAE 43 = Judz Rnug

Hu¢t Kies(1989)& & &(0, 100, 200 ppm)¥ @93 FA(hFaad, s}
AT HBAFAAN HzxH F 7 FFL dFEdFd FH94 BmoE SAA F
o Aldl A SHF] XD, dIASH ZHwFe F §FE F FEY F7
o wetd AL F/HEUR Rustgth. Vahter §(1992)& AlgeoA FE44
F3 E£3d 94 FE A Fo AHFARES 4 DU Lactovegetarian dietZ ¥
73 Fol Ao g3 st=g wWdFo] FARdL RuFrh F Pbe ¥Y HjdFHo
3lpug A 42ug 2.2, Cde 128 oA 14pg 22 FAS

Suzuki 5(1979)2 FHdok & 500 ppmFA Al AZYA, AZHIAF T4,
g, A% vd, W Ao F FHF7F @] desteu, E 400 ppmF 1%
ascorbic acid & 7t Aldl T5 F4o] gsgvx Bugr. §H Smith F(1978)
€ Vitamin D7} A4 WelA & 58 o 24002 21§} Lead acetate 4
HE 23dAM 001 mM FENAN 46%AE F-HActe 2a3ch Rastogi 5(1976)
& AAULH Po 45 ASASS Wohn wudch FE 80-200 me Phke AF
g9 Z A5 H7 F493%, dAUEL 5 10, 15 ppm FEA SEFO) BA F
Ayt 853t AEZAF 6-DALADEZFE thd E 429 AAE #He 2o



Table 42. DALAD activity in various tissues

Tissues Control Pb Pb + 5»ppm Se | Pb+10ppm Se | Se 15 ppm
Blood 683 469 692 635 320
Liver 2214 1720 2139 2021 1688
Kidney 742 505 677 666 409

Singh$(1979)2 Mg HH < @S54 A& Bagdtd Mge 435S
AT AR HYIANE 43). ¢ F5 Ao =3 ALA(S ~aminolevulinic
acid)¥ 71531, ¥4 F DALAD(S - aminolevulinic acid dehyratase): 7A@t}

Table 43. Enzyme levels in the rats at different time intervals

Treatment Urinary ALA (e/0) | (. i%%icDchfelc)l cell)
0 |15|30|45|62|106| 0 | 15|30 45|62 106
100mg/Pb/kg 40179190 145} - _ 95|54 -
body wt. day 12.2 3751296157
None 6.9 6.6
100mgPb+250mg 4017063 92| - 14.71109] -
Mg/kgbody wt. day 76 36.5{30.0
250 mg Mg/kg 48 19.7
body wt. day 189

Cerklewski %(1976)2 ©}<d( 8, 35, 200 ppm)°] 2(0, 50, 200 ppm)EE &
ol PlAE 9 Badnt. 7FRY F AGAA AlRY o}dfFo] FESE
BEEELE ZaFd g9, 7, A, dEHIFT G¥Fol Za2PI:, =F S-
, free erythrocyte porphyrins &3 ZA, A%9
& B oldel ¥F5E gfans FdA

aminolevulinic acid Wj&o] 74

3L
DALAD 94 #4, ¢ 4724 4



W ESe dA 99 Roz Ay,

Blake $(1983)& 4 ¢ Hol8 4AW A4yl Aol SHe @ 5
ARG RAPHE 44). 23U Meredith S1977)L 247+ B9 23
A JFe MNA FRGE HIE FYH

ol
i

b
al

Table 44. Effect of milk on the retention of 2®°Pb

96 -hr retention (%)
Subject )
Without milk With milk
K.B 65.42 1857
JB 71.70 14.27

Rose & Quarterman (1987)2 Aol &9 F3% FH39 #AAS zA3
t}. alginic acid, pectin, agar, carrageenan (lg fiber/100m¢) =57} Pbe}t Cdet A%
9 Zeole glev o AFse L EAY  alginic acid7t g S84l 50ue
Pb bound/mg fiber &M, carrageenane 9.3 pg Cd bound/mg fiber o)A 27
It E3 indulin, cellulose, carrageenan ©] 3% ZFHd ©pxE 9L
cellulose®] A= Pb, Cd BEF %38 ZAAASY, carrageenan® Pb: 7+, Cd
= 57 € 2o
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AR, olF A% AE AANA 252 AR ALad 65
FUe @ HAE FUAA, 050 AAR oRiNEE Uk o REA ot
29 AL FRA T2 47 FHAAA HALAS H=o)
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Table 45. Experimental design

Intoxication (6 weeks) Detoxification (6 weeks)
Treatment
Lead # of rats Treatment Protein source
0 6 sacrificed
A 18 6 AC casein diet
ppm 6 AP pork diet
50 6 sacrificed
B 18 6 BC casein diet
bpm 6 BP pork diet
100 6 sacrificed _—
C 18 6 CC casein diet
pbm 6 Cp pork diet
6 sacrificed
D 250 18 6 DC casein diet
pbpm 6 DP pork diet
500 6 sacrificed —_—
E 18 6 EC casein diet
ppm 6 EP pork diet




HE AT ol 68971468z W] ¢l male Sprague-Bawley rats& 904 A &
Aok A TES SFGAMAYA A5 AT d2 AFol TLsA HNyTD 18
F8 w|x]sle 244 stainless steel A} caged] ¥i 1537 F¢ 844 FgAz
T 2 A¥e AAsET AE 65 do J% 25L& FUAI A 3
Pb-acetate® ¥ 71Z22 0, 50, 100, 250, 500 ppm& Zzt A7tete] AR E Az
Atk A¥eol= AIN-76 Purified diet MIFEE 7|Fo2 3= #F Ao F9
sucrose& 10062 Zo|L G54 WLOE WARATHE 4. ol ZFAE

A% glol A At

Table 46. Composition of experimental diets(%s)

Treatment
Ingredient
A B C D E
Sucrose 10.0
Corn starch » 55.0
Casein 20.0
Cellulose . 5.0
Corn oil 50 " " " ”
DL. methionine 0.3
Choline bitartrate 0.2
Vitamin mixture” 1.0
Mineral mixture” 35
PB-ACETATE 0 0.005 0.01 0.025 0.05

1) Contained per kg mixture ; Thiamin-HCl 600mg, Riboflavin 600mg, Pyridoxine-
HC! 700mg, Nicotinic acid 3g, Vit. A 400,000 IU(Retinyl acetate), Vit. E(dL-a
-Tocoperyl acetate) 5,000 IU, Vit. D3 25mg, Vit. K 5.0mg, and sucrose.

2) Contained per kg mixture. ; CaHPO; 500g, NaCl 74g, KszCeO7 - H20 220g,

K2S04 52g, MgO 24g, 48% Mn 3.5¢g, 17% Fe 6.0g, 70% Zn 1.6g, 53% Cu 0.3g,
KIOs 0.01g, CrK(SO4)2-12H20 0.55g, and sucrose.



65F W55 EIAE BUAsy) st 4 AYFAA o= 65482 A
A F A 3 AAsAT. UYEA 1248 992 £ Hardes Uy
of EF 1042724 % APE 6377 P34 = AY SodelE Phe o
ol H7bsEA| @gkom dAYPole wulE FUL SAUL o] &3AY (AC, BC,
C, DC, EC) X 317]12 @43 X =) (AP, BP, CP, DP, EP) HA17|E 7}
Ads dAs7] A8 e Aca F98 8% AY AN 4X§ & olgay
0 I H7MEL caseing AHEHRAE W FYE ©uF FFo] UoEE ms
A & &S AR Y1 F8(60.79%) E ¢Bd $3H3966%)e wd g9
FULEAY FHAIl 20%E BT AAnrZ gAY ARdME &L HA 1)
0.0g & 378kt

Q

[9]]

U AlE A3
Y AHe NP FE Yol AS 1243 YN £ ethyl ethers A
T HHAA BE OgFHozny dgdo] HEY FAVZ AYH e R
=N 23 svtEI YA S40) AL AY. ZV AAE 4 AFe ¥
3t 09% A HdF=z Fde HAoum BV FAE AT F Y5 2HY
4 7tER WA HEE A mo W AHE AY 28 F 397 stainless steel
metabolic cageo] A A A&t %o}.

o HE22Y FFF dAntEa RN &3

FEZ2% £AL Cyanmethemoglobin &2 ZAdYth. = cyanide
solution 5mesl 0.02m¢e] EHE 718tz & EF§ g spectrophotometer(JASCO,
Uvidec-610)& AHE-3t%] 540 nmol A Hl4 A stgom, FuiEagx= Pag A
AR F dddoz Azd ZABNA ZARY 988 oj4dd 234% H& o
+ ¥4 £8A7 F packed red cell volumed W& &S A4

2 371 R WdEY ¢ ¥F &4
AR, B, A%, 8 F9 F #F2 ARE A3 £ IN HNO; 10mlE



7}8kd hot platedll Al A€ wtg w7z FEAz Ao o] A g & 9z
Azt IN HNOs2 H@H-d71A] g4t Ect g8 A8t dFAAE o] 839
34332 YAFF 4 (Atomic Absorption Spectrometer, Perkin-Elmen Co.)& o©] &3}
o 283.3 nmol A FA 3 At

ut. DALAD( S -~ aminolevulinic acid dehydratase) &% &

¥%F 0 -aminolevulinic acid dehydratase(DALAD) #32 Korsrud$t
Meldrum® 2¥HE& &3t SASA. F, Y 025m9 Triton X-100 (0.2%)
1.2om-& Holx &8 Azl F 7]A89(0.IM Sodium phosphate buffer pH 6.8,
0.01M ¢ - aminolevulinic acid, 0.01M Dithiothreitol) 1m¢ & 23 37T FZ=dA 1
AlZE B RS AIZITE A7) 0.05M HgCl, & 73 10% TCAS 1mest 0.05md
¥ 3} Cuperic sulfateE H7lete] W& AAAZ F 27,000X goll A 1087 A&
N7lz 245 ) Ehrlich’s reagent 1mE o] 15837 WX ¥ Spectrophotometer
(JASCO, Uvidec-610)& AM83ted 555 nmolA FAsHrh He] DALAD 3
0.IM Sodium phosphate buffer(pH 6.8)2 4% liver homogenatedt R-& Al{3to] ¢
o TG o= .

v, ALAIE
AEFE 154 AP FEE stainless steelZ2  thA} cageol 711 £

ARE FYE xPo2 FEIFAA 2AL T o VS HHFHAT old FFH
Ag @3 mol A F, BF ALE, &, 9EY F §FE 5A% g9 dars @
Zs 4o
* go] 23 (ueg) = Pb A F(ue) - =t HoE WAddE Po¥(ug)

b S3F (ug)

Pb AAZF (uo)

X 100

« gel £3&(%)

* o] AubEF8(%)
Pb A& F(ug) - HoZ vldE Pb¥F (ug)
Pb AHF (ug)

=100 X



AL EA A B

S74€ AEE SAS ¥4 package programg o3t RAsHoh 4Y
Helel o] o 49 ZA: 74 7o HAEH} FFOAE ANSYT, 4 T
FoA Y HEE B4 BHS & £ AT 2k §94L Duncan's multiple range
test2 AAHET. = JYAFPHES A9 Pb 42, PorkdlS Al @ 3
D FFH o5 AL (Po+Pork)d] & FFE ¢=0055F A ol dux 2

AHE A (two-way analysis of variance) 2.2 $94-& A& s Q).
2, HAVE Tt @ 54 uA= 4

7h AE Hix]

2 NP HAA7E] = FE D FAAN AS Aol oud JFe
FAETE Boter] fdtd AT adsed e 73 Foe dut Aojd
500 ppmE H7FEA FTHE HEARL, o] F YR UA NPe AP eH o
AT JANA T5E FAAAT AFs] 73 FUAL @ HAS FUAA, o)
AREZ |RAANESR Atk o AFHY T U= Holo AP FLA L54)
FE HAZIELE SANANA HAINGo] SN=F H5o wAE d¥e B
sttt A¥ulXE g E 473 2o



Table 47. Experimental design for the effect of pork feeding on the intoxication of

detoxification of lead

Treatment Intoxication (7 weeks) Detoxification. (7 weeks)
lead # of rats Treatment Fat source
6 sacrificed
A 0Oppm 18 6 AC corn oil
6 AL lard
6 sacrificed
B 500 ppm 18 6 BC corn oil
6 BL lard
6 sacrificed
C 500 ppm 18 6 CC Pb 500 ppm + corn oil
‘ 6 CL Pb 500 ppm + lard

Male \Spraque—Dawley ratsE 544 FAEATH AY FELS SAYguA
Hol o8] HelT WE AFo) FYAA HPF I 1254 WX ste] 254 stainless
steel AHS cagedl Wi 157 ¢ 874 LAY £ 2 A¥e ANSFYT. A
£ 650 FI=EFY g F5E FLEAIILA 8] Pb acetateE FI=F VIFOE
0, 500 ppm< 27 Artsld AR E ARG AF 4 ol& AIN-76 Purified diet
FEE 7|Ee2 &5 3AFH o] F9 sucroseF S 10%E ol &5 AELS
2 YASFTHE 5 F2). Aold 2F5E A Aol UA A

T F % 2E 29E Q%] 98 4 HATAN Y 6548 4
NA 25 2989 UHA 658 S J92 T AGFHOR Yol BF 4%
A72A HE AP 657 BT, AE AY FAAE =FL © oy A7
A ggton] APaols] A FYE L44VEL ol8AAY HAVIBoZ @A

aF

3 gAYAY. ©E BAYEe @ & vhsh B,

X

2,

~80—



3. A7l HAZE A 597 A=F A5 A 9

71 AY WA

£ Age AADsI% A28 FA Tt do] 35 @ AN HF A
od SjHg JFL AAEsE sy et ARG, aHse L 7E Bhe
dwt 4old] ¢ 500 ppme HFrtEe] FEE $ENAL, o] F YR HE YA Y
o AgHAT. WA A F o] ATE HANA FEL FAHET Yuix AL
Agstel 73 S ¢ HAE FUAA, 950 AL RS HYth. § F
549 £2del 0 ppm & AN E+HAA LI S557 847449 FFoE
U 500 ppmTe A FTLLeE UFe ¢ 500 ppme AL EdsiE 23 o

$ 4 FASA @ FOE U ¥ oA ARHos 7 28 YA S+HAn

S35 BAAATATE Wil ARH o2 4702 etk o 3
5374 5%tz 2ole] @9 F99 AL ALV ¢ dAAReH, X

T FEd E5FTIEE HAAVIELE SAYAANA HA 279 HAINE BAE

A7t A5 HAE JFe BaA SHhn. AARE e E 8% 2o



Table 48. Experimental design for the effect of pork and lard feeding on the

intoxication and detoxification of lead

Intoxication (7 weeks) Detoxification (7 weeks)

Treatment Fat source,
Lead # of rats Treatment ) /
Prtotein source

6 sacrificed

A Oppm 18 6 AC corn oil / casein
6 AL lard / pork
6 sacrificed
B 500 ppm 18 6 BC corn oil / casein
6 BL lard / pork
6 - sacrificed
6 cC Pb 500 ppm + corn .oil
C 500 ppm 18 / casein
6 CL Pb 500 ppm + lard
/ pork

Ho A Fo] 10691432 male Spraque-Dawley rats® 544 TAstguh, 2
d TE2 GAQAuAEd s HET d2 AFo| TUdHA AT T 1244
vj 2} 8t 244 stainless steel AM& cageol ¥l 157 F9 8730 HgA7 £ &2
A AT AF 7FAL gd g% F5E FEAI) 2R 3o Pb acetate
€ 9 7I€22 0, 500 ppmE ZAF Hukstd Al E Az APYol:=
AIN-76 Purified diet MIFEE 7|Fo2 35 A Ao %9 sucroseF < 10%=
Eol1 &4 HAELE fAFAHE 5 FXR). ol FHSFE AT glol 9A
3ok

R F AEE 35 &%E &A%Y 8 F APTAAN A9z 654¢
HAPAA F5E FAART. UMA 659 L QA2 F HYFHLE Yo BF
AAYTEA AF AFE 7FT PR AF A FAAE E2 o ol #Hret
A ggtom AgHole duld FAL FHAAE o] AY HA YR &4HF] o
A=A, EF, APHolY AT FEL SFFVES &I AY HAAVIELE &
A3l AU HAALZIE FHALES WA EY] f3 &2 Aoy FHE 3}F A



H ARN BAG F o) gy 2 FAFE casein® AFLHYLS ot FL7
@A FFol Y=g udsdhn. & ¥ FAurle SR(559%) o g
F(35.9%)& neste] vUd FPozAY FA 0% B AR 2712 X
ARANE & FATI] 557z & ARYT. e RAYES g AFE vt
s} F4si.



1. 37 o4 ¥ 35 529 -'alzlmlou % H%5 &

7h AT, ARAE
A Y AF F7re Aol &2 K 499 ZH. AL 43 HolE

gal7l "olE 7 AYT el AZF Ael: 250 ppm AITol kY Holg B
gou AAMezE athd & F93H9 Fo|E HolA Iy 6F F¢ ¢IFF
49 Holg $FE 23}, AT AFL F AT Bl FAHA Fol7k Y& Ao

HEET F FETE da=Td vE dxHes AFF7 ] A=A

Fol7t 99101} @ 100 pom ClAREHE FAHOE ARYL B & A} ¢ B
ol 9% A T8 F¥S B 4y AFE UE AFINE HojFT ol
AUNE Mol AR, AZEAZ, Ho| xgol BF Fo¥oz Zasgen, §
9 PAWOE Gz Wd & TITAA BT gAIUSS HAT ge Ao
4o A 9L Fo ARNAE ZAATAY, ¥ FAZ A A47HeG 47
Ao fuo] WE Ho| HABH AFF/F Zadgel YsiE Aoz AR
o,



Table 49. Body weight, and feed efficiency ratio of lead-exposed rats

Treatment Pb Initial | Final FER
(ppm) weight v weight gain/feed
A 0 6450t 2.61 3239%£29.93"  0.329+0.040"
B 50 66.15+7.09 3049%3552" 0.326+0.040°
C 100 69.99+555  309.4*+598"  0.311+0.008%®
D 250 73.89£2.00 279.8+11958* 0.283+0.026°
E 500 7031+6.14  2581+1596° 0.208%0.028™
* a= 0.05

A5l F AFWsE e ¥ 503 2o ¢ FoE Fusm B £ A
F3 8o F48 olFoifth. HAnslE FTAF A ASBP, CP, DP, EP), AP
g Asn AAAE FAG Aol WA FFAZF & $H8 Yy g
3o SNl F2E F9 ATl 9L F+ 29 (Significant factor) L2 E ¢
59 ZA9utE A2 gF ot FoeA: Roz ehithpork’
p<0.05). & FeIE FEAL ¥ ¥ P Folgo] £248 Yo £go] HolYe o
F Atk Aol 589 A= AT E BTRFE As AAAL T o 14
Fog Fusd Ao AV A8 A
+ woldth 40718 FFE FL AFAZ) BT ga2TEY B3
z7 4 uskAe FAAFLS Jedth Holx
(p<0.0005)3 =HAL7] AF 2 (p<0.005)2 1}

O

e
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Table 50. Body weight, and feed efficiency ratio of detoxifying rats

Treatment Initial Final FER
weight weight gain/feed
AC 330.88+6157°  45342+96.37" 0.11£0.04°
AP 317.24+4459°  38599+193.97° 0.14£0.01>
BC 303.12+35.74®  435.87+41.03" 0.13+0.01*
BP 299.63+37.78"°  457.23+£72.25% 0.15+0.05>
cC 31546+29.81°  462.80+45.83" 0.14+0.04%
CP 303.26+20.81°  492.80+23.94 0.16+0.02™
DC 280.98+39.16°  443.35+42.98% 0.16+£0.03*
DP 291.08+41.52"  489.45%25.16™ 0.18+0.04°
EC 24850141.11%  416.65+60.98° 0.17£0.04%
EP 241.33%£5051°  479.95+61.03% 0.21£0.02*

Signigicant PH Porks Pb":*

factors Pork

* = 0.05

U, FrEENd rEay

G55 s FRIzu FuiEal REE & FE/ Bl £8 1
HH oz o A7t RolAE WIE B & JYANE 51). " AAgE ol A
(1992)9] dFAME B e, §55S 44T £9& F2A73, 4T 29
Na'-K ATPase®l Z4E doA Axe 7ise A4 oz 884 g
FAHETF F77F dehdA H3n 28AA AR AEsrt 33 ZaEA €9
thH(Waldron, 1980 : Hansan%, 1967).

LA F F971 FEHEA FARMEIRX = AT v F&
o2 A%He B, C AFFE dEzT 22 FEE o|FUR, 55 A434 D,
E AYTE dE2TF 2rke o ¥ X0y 453 278 Jehuiith



Table 51. Hemoglobin content and hematocrit value of lead-exposed rats

Intoxication ' Detoxification
Pb t
Treatment Hb Hct Treatment Hct
(ppm) test
AC 36.76 £0.90*

A 0 1143+193° 3625+1.75° *
; AP 37.17+3.37®

BC  37.20%206®
BP 36.02+1.37®
CC 35.51+2.25°
CP  39.22+195°
DC  3383+276°
DP  3518+282°
EC  3383+166°
EP 35.18+396°

Significant *
factors Pb

B 50 11.38+108" 3390%3.5"

C 100 11.22+£096° 32.42+220°

D 250 10.88+1.01" 31.50+2.37™

E 500 9.74*+1.15* 28.25+294°

. 2] 2

& AL W Tl me dzeHel foHd AolE nolx @k, A%
100ge] We zte] FA EF GRTHRTG TA Zolur: gou NaTgpy =
Aole gRen ¢ B R0 B2 YT AT 7] VEAHE 52, =,
Rzt gl SHE UL AN Y= Aoz RN AFe Aeos Gz
S0l AHAEN RAS ko] fHe Holg AW, 100g0] BE G =
E #94Q Rolx RolX AT $FZo] HBLE APo] WYL B <
AT A, ol199NE & FeiA WA N2 wAe] BAS ZsEoe B
& ¥ vk 3o Suzuki 9 Yoshida(1979)= Ae] vl 2P HusQo

o5

of



Table 52. Organ weight of intoxicated rats

Pb. ~ Li : Ki
Treatment tver Liver (g) @1 OgrgleSI;W)

(ppm) (g/100g bw) -Kldney (2)

A 0 3.56%0.56° 11.56+ 327% 072005  0.72%0.05™
B | 50 3.78£0.13* 1170137  0.83+£0.04™ 0.83+0.04
C 100 423+ 0.5115l 1277143  091£0.13% 0.91+0.13
D 250 3.79% 0.21;“’ 10741098  088%012°  0.88+0.12
E 500 3.82+0.31* 11.07 +1.48 098+0.12°  098+0.12
* a= 005

}E AIE F 7] FA¥SE Bd 7 FAE CC, CP AATF7 71 &4
Ugtm, BCAE T 7 Wl wESe] 4% A% A% FAN paHRoy e
Aol 8 Aolg oA Yskrh AF 100g%F 8 FAE CPS ECE A9z
£ gzzhe #9599 FoIE Hold Wy TdAY AZ 100gF ] A
F¢ FE AA2E AR HAAFE0005)7} A& RAFUY. F HAn
718 AT A% 2ol © ARSE RAFY A% ALE P Tl Yrd
2ok 2AZ o gel Wik ARl slAARe & AR, AF 100gF FAE
g Rojrt 245 A% A A ETel 743 B e Uehlnh 15
AZFA 9% FE AAE $FS ARE<006), AT AR (<0057
Uelygon #= 1oogrg» AZZA ] 4F& FE= AAE FFE(P<0.05)7 H A 17
43 e 4528 PbrPork, p<0.05)7t Y& & Btk n@Y FAE BE, ¥ES
F ASAe FAE AT o}FY Aolg molA Ftvh Ly ¥ 500 ppm
o2 ZEIYY ECs EPHE T AS AF 100gF 189 FAL sAx 7] 43
o o8 ng PAZ FEE RAFYUG. B3 ol Ao FEARTG



Table 53. Organ weight of detoxified rats

Teatment (g/ll(d)g;rbw) tetst Liver (g) tetst (g/?éggeiw) tetst Kidney (g) tetst
AC 3.42+0.24° 15.71+4.37* 0.61+0.03° 2.78+0.62
AP 3.62+0.38° 1704195  068+006™" = 320%023"
BC 3.46+0.30° 15.15£2.29%° 0.62%0.02° 2.73%0.28°
BP 3.31£0.53 15.10£3.41% 0.67+0.03" 3.06%0.42
CC 3.48+0.37° 16.22+3.14* 0.65+0.03" 3.01£0.24*
CP 3.67+0.30* 18.13+1.98° 0.68%0.04™ 3.36+0.11°
DC 3.24+0.31° 14.43+2.36™ 0.73£0.06* 3.27+0.40%
DP 3.33%£0.22° 1634150  0.68+0.08% 3.37+0.39°
EC 3.22+0.28 1354+2.82° 0.75+0.08 3.13+£0.37%*
EP 3.28+0.25° 15.84+267* 0.70%0.02* 3.40%0.48

Sli:&iznt Pork” Pbi);ork' P§§<‘*

* o= 0.05

Table 54. Organ weight of detoxified rats(continued)

Treatment (g /;I‘O%Sgtlsbw) tetst Testis tetst
AC 0.70£0.07*° 3.17+0.64™
AP 0.71+0.08* 3.33£0.16
BC 0.71+0.09% 3.08+0.28
BP 0.72£0.17* 3.25+0.42
cc 0.74£0.03*® 3.46+0.34
CP 0.68+0.01% 3.38%0.10
DC 0.77+0.05™ 3.45%0.34
DP 0.71+0.06™ 3.48+0.24
EC 0.81+0.14° 3.31£0.21
EP 0.660.08° 3.15+0.16

Significant

factors
* a= 0.05

—89—



Zy, A%, dEEY 552 O3(E 55)F 2ok dFE EE 2N ¢
AAF] 275 F SHEFL TAF2EZ 93 Rolg BT 4 2
%3 FE8 2¥ OHE, A%, X €0 F3F0] Fon MY &4 xR
2 HEL gulolA Ao 3R B 3099 =& SHFE B

Table 55. Lead accumulation in organ of intoxified rats

Treatment (pl;;) Liver Kidney Tibia
A 0 1.98+2.17° 1.85+1.44° 17.04£4.86°
B 50 553+£258"  11.25+406° 121.75+33.86™
C 100 449+163°  17.10£292 18567+24.94°
D 250  10.19+191" 2855%7.20°  350.40+95.04°
E 500 1383+7.51" 50.36+23.91* 480.82%£190.27°
* a= 005

A5 A ARgez =4 U ¢ ¥ WS a2 AL E £ Y. 7
A% A FFTANE o 36, AL/ FFTANE A0 oule) & Baee
ngon B3 HA1r] FFIANY AL e Bl AL FE A gz
£E7A RolAR EAMCE f9sA HolE UET. st BN ¥E
Ao FgS X L0 2E HFEE 95 (p<0.0005), HA 327 HF(p<0.0005), &
I3 HX17] 4H ZEFE(p<0.0005)°] EF FE3e A2 JEIgn. A%
Ne & 228 HoXE g%oy 74 AFL Rger EF(G00 ppmAH T 283
o] 2718 AoE e B A%E B AHYW o] HEHE F3
A MAS oEHE do] YL RaFYY. ®F HA vl sl A7 )
G 2% WolAE AFL ngod EAA 44 YA @gd. u=HZ
e oF 13-2019) F2&E BARL H4 HolE JEATE 2N FF& AA



57 2elA % mEn AFdAE ¢ AAG) S wol YHIHG Y
¢ F gk dETANY ¥ FFe FARIE YRS AS WAS wopdA, 4
VR ARE RW U R(p<00005)% A1 43 IR (p<0005)7} BH =
¥ #F 9P AT 38 0998 HaFET

e 9 NBAE 28 P2 Wl AT WP BAVBel, ol

TH € $E9 AAH Y nEZ=gote Ut AR 5FH QNS &AL
¥Et. Conradsh Bartan(1978)& #F o) lead acetate® A Hojg % Al 2kl
HE A7) ST ANE YA A%, AYT, B £42 2¥HUG T B
W& EA0 lead crystal salt? AFA T ¥ 47] matrixst AFH oz Ay Fozn

=849 lead triphosphated B2 H&AH o] FZHo) 2APYEy AL AY e
90-95%7} W& PEle] Yo EAS: e FY ¢ ARG AN TF
TEG HALY] FFTY 50l A Bk 2 U W FHo| WA Yehton
53 ZelA e ¥ 57 vxol 9% nAE ARZA BB olug Y fAn
71 AA R ZE5FEPL™, PorPork™)So] YEIYTHE 56). =, G127 22
Tol B AAHOZ HEo] oFAHLL & F o wWA TR wE 4y ¢
TE Aot BEE HAFo



Table 56. L.ead accumulation in organ of detoxicated rats:

: o - t - t - t
| Treatmept Liver test Kidney test R  test

AC 0.37+0.15° 1.76+0.61° 18.83+3.81"
AP 040%0.17° 0.96+0.75° 17.62+4.01'
BC 127+0.39%  5.84+296° 96.71+11.33%
‘BP 0.61£0.21" 3.78+£1.23° 79.69+ 15.50°
cC 1.48+0.38% 6.03+0.70° 129.64+ 12.50"
CP 1.03%£0.52° 4.46+0.76° 98.70+13.36%
DC 2.24+0.74° 20.92+11.19° 185.27+43.33°
DP  191%0.71% 17.93+12.74° 164.35+30.85°
EC . 414%+031° 78.13+32.56° 285.78+37.89°
EP 1.84+0.39™ 81.96+44.32* 228.79+5452°
‘Significant Pb - wex P
Pork Pb Pork™
factors Ph#pork™ ork
* a= 005

ul, DALAD( 8 - aminolevulinic acid dehydratase)
g FE4 o8 fgrI2id JriEare ¢ §F9 AR g ZAIA
Sy DALAD 84& AgTult Aole By ¥ §F9 HAxo wE daAzL &
3 27] JEJAHE 57). DALADE HEMEA AA A 6 -aminolevulenic acid
(ALA)E porphobilinogen®.2 A& A|71:=4 °]-8-5]%: 48 9de DALADS #4
& AR oz HEMAACY AFE F& RS2 Wapnir5(1997)& Hxgg. £
NPA FFEAFL F& 0, 50, 100, 250, 500 ppmTEANA FHA] liver T Pb
£ activated DALADS] 7 %ol 493, 4.14, 533, 6.83, 588% 100 ppm °|4 F«
Az vs A3 F AEE RATHE< 005). 2 M E A
A&E Holx @sgtth $F, activated DALAD / non-activated DALADS] H]&&
HH Pb $F°] 0 ppmolA 075, 50 ppmelA 07022 W2 A Pb+ES 100
ppmeolAr o2 A7t AdE activated DALAD / non-activated DALAD 9| H|€&& ¥



o o™ 53] 2 500 ppm TolME 11322 activated DALAD 3 H]go] &R
3 WotAth. a3y & F5A €4 DALAD / ®l¥4 DALADH| &L Korsrud $
(1988)2] R ot Zolg Bolx Yk F, & 0 ppmT oAl actvated DALAD ¥ %
= 5572 AW ZAshs FAR AHolAw, 1 B4/4 €4 DALADH & ol
Me 9 0 ppmTAlME L11 -1.12, & 100 ppm FoAME 560-7.100.8 H2E A

of 2 Hl&e] A3 Eolxtha Buy

Table 57. DALAD activity in the liver and blood.

Liver Blood

Treat Pb - -

-ment (ppm) activated non-activated Ratio  activated non-activated Ratio

DALAD(A) DALAD(B) A/B DALAD(A) DALAD(B) A/B

A 0 493117 659+118° 075 041+002® 009+006° 456

B 50 414%167° 589+158" 070 039+0.06° 0.09+007° 433

C 100 533+0.86 7.34*155° 073 047%0.12* 0.07£006° 671

D 250 6.83*£1.82° 691+1.18"° 099 048%+011* 0.12+013* 400

E 500 588+058" 521%1.18° 113 054+014* 013%+0.13* 415
* a= 0.05

A5 FHGoNA 2F A9 non-activated DALAD 84 5 34 A}
HastGe d v g4 JeERTHE 58, ¥ 59). w HE AP QolAE 7H
& DALADSF £4 B 3ol thx7d) ulsiA pork A7bT7E R g B/A
flol B3 g HIE £EA BAYC] FUFe BoReS €4 A B HAz
71 Z7tel dsiA DALADS 3o Z7tgoe Zdde w$ 3l Fxgd.
=, DALADS] #%o] golhte AL EFEd 4§ 815 &a3s g oo,

Liver ¥l activated DALAD #%#& ¢ 0 ppm FolME #A 37 47}
T X3 FoLFe vln Al Zzt 458 o)A 6.142, & 50 ppmTolAlE 3.979
A 6872, & 100 ppm TN E 426004 7.092, ¢ 250 ppmTo) A= 595614 9.19
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2, ¢ 500 ppmTolAE 552 oA 7372 @AsA HA:m7] Akl o #A
activated DALAD ##o] Z7Fith.(P< 0.005). Non-activated DALAD #%=
AP BEFLEA ALY AIEFEF v vl g = @Age] DALAD
#dFol FoAsA 7SS ¢ & k. EF activated DALAD / non-activated
DALAD Hl &} JAME A9 dAE FFE By dAn7 HA77e vdss
o "lsiA I Hl&o] WA H7HT. F, @ 0 ppmTE A1) 8 AT 062,
;A7) H7F7E 058, ¥ 100 ppmTE HIFZFE7F 055, FIFFEF 045, @ 250
ppmTE HA37] 8l AT 082, AJFFESF 061, ¢ 500 ppmTE Sx]zr) ¥
A7 077, AR 7] A7EF7E 05628, AXnr)E ¢ A5 A rdgee ¢
T 3.

F, AR 7] Hote] oM F FEo2 ofy]® DALADS Z4A dAL =
A FES 549 84L& £ Aoz g

—04—



Table 58. Activated DALAD and non-activated DALAD in the liver

Liver
Treatment tivated ¢ Non-activated ¢ Ratio
DALAD(A) test DALAD(B) test A/B
AC 458+2.12% 7.37+2.30% 0.62
AP 6.14+ 1 47°0 " 11.58+4.44™ 0.58
BC 397+1.07 6.32+1.61° 0.63
BP 6.87+3.63" 10.67£5,07" " 0.64
CC 4.26+1.96™ 7.79+0.78% 0.55
CP 7.09%250"* 15.65+3.94 - 0.45
DC 5.95+1.83> 7.24+1.42% 0.82
DP 9.19+1.79% 15.14+3 83" 0.61
EC 5.52+2.27™ 717+ 152% 0.77
EP 7.37+397° 13.25+1.68% " 0.56
e e o
* g= 0,05



Table 59. Activated DALAD and non-activated DALAD in the blood

Blood
Treatment  Activated ¢ Non-activated ¢ Ratio
DALAD(A) test DALAD(B) test A/B
AC 0.39+0.08* 0.21£0.07° 186
AP 0.44+0.03% 0.23£0.03 - 191
BC 0.33%£0.14™ 0.11%0.02° 3.00
BP 0.29+0.04° " 0.08+0.04° 3.63 |
CcC 0.28+0.06° 0.07+0.04° 4.00
Cp 0.29%0.06™ 0.08%0.04 363
DC 0.26+£0.06° - 0.07+0.05° 371
DP 0.31£0.08™ 0.09+0.06 344
EC 0.35:0,07* 0.09%0.07° 3.89
EP 0.30£0.07 0.11%0.06" 2.73
Significant L™ P
factors
* a= 005
v, A A
g 5 A9 da NE Z23E B8 99 A5

fr&ol v

A JeERtH(E 60).
ol2glow 250 ppm¥ 500 ppm FoFAAE
=gRt F471 F H3 darEe] &
& Ft=FdAAE Ft=F9

\__

98% 7o

&57F =9

wdo] F2 o gANT o] Fo W,
wot ohe =8 $E MUIE 4T FEE AAHT 9

B 239 A »
g 50 ppme FAF HeedE BH



Table 60. Metabolic trial of lead-exposed rats

=nge Pb AHsE  (ppm)
AC0) B(50) | C(100) | D (250 E (500)
A ANEFF 3 3 3 3 3
MAAZF (g) 3115 317.9 302.9 294.0 260.1
FTRAAF 3134 336.2 310.0 310.1 285.8
dFFA F 0.38 3.67 141 3.21 514
5% (/%) 42.3 57.7 64.7 64.0 95.7
FAEFAFH (g) 76.0 108.45 92.5 112.8 100.5
AlE£% Pb (ppm) 1.82 46.8 93.8 307.0 508.0
SPbA A (o) 138 5,075 8,676 34,629 51,054
TEF (g) 6.41 8.36 792 10.83 10.52
% Pb (ppm) 833 84.49 21.23 48.82 15.07
EPbul A (ug) 53.40 705.8 168.1 528.7 789.7
2% (g) 46.25 83.86 89.26 123.10 190.13
x5 Pb (ug) 0.69 1.22 2.83 151 2.06
= ¥ Pb(ug) 31.91 102.3 252.6 185.9 391.7
FPbuld (1) 85.31 808.1 420.7 714.6 1,181
Pb retention(ug) 52.69 4,267 8,087 33,914 49,873
Pb retention (%) 382 84.1 93.2 979 97.7

* ALAE 717k 1 982 10 - 2.15
753t lead acetate® T8 ¢ 35 @ #F oA casein @HA g4l =

A7) (pork) @A) FeJ7t Pbe] 5] tlXEe 2FHE ZASAHE 61). IA
ANGE 777 & FEAY FEY A~E9 64 TFolN 7 Ayrdz 184 =



AX 654 AN S @2 1298 PSR 654 2822 Yo casein B
d vs pork @99 7 A5 g vzgth. FFE B HEANDAN A7
8 AY 1FY FF] oo 7TFY HEII FeE 100 ppm PbE A& FA3
o F5 7FIT 100 ppme] PbE ¢ AYTCs AR Hobel e §H§E

ade vEsgt. ¥ A% gAY ddE ¥ 61 2 E 629 2 ¢ £5 A
A7 A¢ FYH 99 ol MU= U o A2 Folo] os) del B
ol doldS ¥ & Ik EF 3 A& AIFC)HY AS AAmoY e

SEAN Bo o# MAE AT w0l o NAE A on A 2
. 28y F=F 500 ppm A FAAE AN LA 4@ A527 w37} et
A gskth. g WMol xo} Eol ofd o] £AH, HARIE FAY A B8 u
2o MAE HWAA FoA 384 2348 ¥ 5 Ik Aoz BT
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Table 61. Metabolic trial of lead-detoxified rats

Pb #7}4& (ppm)

249
A(0) B(50) C(100)

HA27] (%) 0 100 0 100 0 100

A NAF5 3 3 3 3 3 3
ANAZF (g) 4571 | 4758 | 4279 | 4135 | 4988 | 4889
FEAAZE 4639 | 4709 | 4062 | 3922 | 4897 | 4923
A3 2 135 | -099 | -434 | -426 | -304 | 068
TFF (m/5) 646 | 584 | 588 | 434 | 509 | 992
EFAEFAF (g) 93.3 81.6 79.9 54.8 77.1 90.9
A2 % Pb (ppm) 182 | 169 | 182 | 169 | 18 | 169
FPb A3 (1) 1698 | 1379 | 1454 | 926 | 1403 | 1536
FEF () 128 | 124 | 964 | 577 | 109 | 141

£ % Pb (ppm) 567 | 583 | 837 | 1123 | 857 | 976
£ Pbul A (ug) 726 | 723 | 8.7 | 648 | 934 | 1376
25 (g) 469 | 462 | 521 | 312 470 | 1208

X F Pb () 046 | 045 | 036 | 057 | 165 | 227
x Pbul A (ug) 209 | 208 | 185 | 178 | 777 | 2700
%Pbul A (ug) 935 | 931 | 992 | 826 | 1711 | 4076
Pb retention (ug) 76.3 44.8 46.2 10.0 -30.8 -254
Pb retention (%) 449 325 31.8 10.8 -22.0 -165

1. Pbell5& A caseing HA 1y d¥AdL QY% +&
* THAMAIE 7]%F 1 98. 3. 30 - 4 4 (5Y7)




Table 62. Metabolic trial of lead-detoxified rats (continued)

Pb #7}4F (ppm)
2495 :
C (+100) D (250) E (500)

HRA 371 (%) 0 100 0 100 0 100

A NEFF 3 3 3 3 3 3
ANAZE (g) 5032 | 4416 | 4248 | 4748 | 4468 | 5088
Zz8NAF 500.0 | 4440 | 4303 | 4772 | 4360 | 5094
Az -064 | 048 | 110 | 048 | -216 | 012
S5F (/) 638 | 455 | 5715 | 538 | 871 | 921
ZAEFAF (g) 9.7 | 745 | 93 | 849 | 840 | 931
A& % Pb (ppm) 938 | 942 | 182 | 169 | 182 | 169
% PoAF (ug) 9070 | 7,018 | 1734 | 1435 | 1529 | 157.3
2% (g) 138 | 109 | 107 | 116 | 114 | 130
£ % Pb (ppm) 951 | 1060 | 157 | 141 | 214 | 172
2 PoulA (ug) 1312 | 1155 | 1680 | 1632 | 2441 | 2233
ExF (g) 662 | 472 | 698 | 500 | 1038 | 1109
x % Pb (1) 669 | 851 | 035 | 051 | 353 | 148
% Pould (ug) 4429 | 4018 | 241 | 253 | 3667 | 1645
% Pool A (ug) 1755 | 5173 | 1921 | 1885 | 6108 | 387.8
Pb retention(ug) 7315 | 1845 | -187 | -450 | -4579 | -2305
Pb retention (%) 807 | 263 | -108 | -31.4 | -300 | 147

1. PbAIEE Y8 caseing HA Y] gWd2 YA &2
2. o] AYFEL AHAE 717 E PobFAT ¢
* TALAIE 717 98. 3. 30 - 4 4 (6937

—-100—



2.4 5 @3 AANEY A5 £ AY

7t BHe i 55 AY

HAZIZ] dol 58 A 5 Ao oud dge nAE=sls Fris
71 #ste] AL 7R AL diAold de Hslse FEL SN =z A
AT HolE&L dol 59 AITAN ASA A YLETHE 63).

Table 63. Growing performance of lead-exposed rats

] Pb A 24 (ppm)
=i I
A(0) B(500)

No. rat 36 54
AAAAZF (g) 1059+4.3 1059+75
FTEANAF (g) 3336+35.1 290.7+32.3
dIFFAF (g/day) 5.13+0.61 412+0.21
EAAAE (g) 361.0%+36.1 25491396

AMEART AEI2W FAE go] 258 Aol AASFA A Ugto
H(E 64) ol 9o 14 4% % 500 ppm 2= 2%s $AAY. B9 BA: g
28 AYTANA Fo5A RA vgo %% Fae BAE wo] gd Jue
gt aFY AF 100g T B BAE ¢ AATAA BA Gegoy
FIR Aol gk FA AF 100g ¢ AP} F49 RAL foHoz =
ARG FFE G B2 o] Bl FHHE 6 T << AF << GHIo 2A
Atk 3 oW Aol ¥ 14 AY Buch WMo 2o mA eyt

nm

14

i
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Table 64. Hemoglobin content, hematocrit value, and organ weight of lead -

exposed rats

Pb A &4 (ppm)
R
A(0) B(500)
Hematocrit (%6) 34.3+29 285+3.1
Hemoglobin (g/d?) 11.20+0.86 | 9.72*1.68
7t 3714027 407+025
715 A
(g/100g ks 0.33+0.02 046+0.11
Body wt.)
Aa 0.44+0.05 0.59%0.08
7+ 13.40+1.72 10.40+1.87
71 5A (g) 'y 1.20£0.14 1.18+0.36
A 159+0.15 1.58+0.06
7t 0277+0.142 | 4.179+1.024
1712 Gata
CEORA A% 03280005 | 70.18%17.77
(ppm)
5 22.46+4.14 315.5%93.0

DALADE 7oA 9 active forme ALsane F AFAA EF U2A
VeI THE 65). ol =R JuiEaRY 3 A FAA BA vdee
Ad e BFE BHAFAT
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Table 65. Activated DALAD and non-activated DALAD in liver and blood of
lead-exposed rats

Pb x84 % (ppm)

A

3 g e

A(0) B(500)

active (A) 0.14+0.07 0.15%+0.03

zt non-active (B) | 0.243%+0.123 | 0.142+0.017

Ratio (A/B) 0.58 1.06
DALAD

active (A) 0.27£0.08 0.17+0.04

g non-active (B) 0.1410.04 0.05+0.04

Ratio (A/B) 1.93 3.40

7F B¢ FE7\g0] FRAE AAA AR AdA GALPE AN
SAYTHE 66). L2029 @ wldo] WS He RoB yehgrh
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Table 66. Metabolic trial of lead - exposed rats

Pb A g]4=F(ppm)

A8t ol FE5H FHAA HAVELE S5F 71§ QA HFrlete 633
T3z gten, CEL ¢ 500 ppme
718 Tl vasdgg w AFo] &

o AT BFE &g o o4

2 5933 #AVNE

—~104—

R385
o A(0) B(500)
A NgFF 9 9
AANAF (g) 326.7+144 27175169
FTEAIAF 304681 2735%+124
dFFAF 2.77£0.23 2.87*£0.13
=T (/5 55.14%=1.35 58.38+1.01
v%"]‘?n%‘ﬁ # (g) 11045t1.94 91.71x9.50
A2 % Pb (ppm) 0.93 520.4
FPbA A (1) 97.2 47,728
SEF (2) 7.36£0.09 6.36+0.57
# % Pb (ppm) 10.03%+4.00 852112622
EPbul A (ug) 73.8 54,194
Fx¥F (@ 47.86£3.11 62.51+7.20
x ¥ Pb () 1.00=0.22 540t 1.64
&= Pbuld (ug) 47.86 3376
SPbld (ue) 121.7 54,532
Pb retention (xg) -24.5 -6,804
Pb retention (%) -25.2 -14.3
Ul F5E #AA9 5 tiate sAVE] HXE 9
HAZ1Eol gl F5E FAANA 5 Ao ojuy g nA=7tE B7hekr)

A&eha
A% 2.



A vetgtes, CLZ(E 500 ppm A% ¢ lard £4F)E CCZ(E 500 ppm A
& R SE£7]E Foi)d HEZs & o Aol B&o] ¥e Roz eyt

Table 67. Growing performance of lead-detoxified rats by lard feeding

Pb A g|4& (ppm)

2485
A (0) B(-500) C (+500)"
Fat corn oil lard corn oil lard corn oil lard
No. rat 6 6 6 6 6 6

342.6 319.0 289.8 | 292.9 313.0 3134

AANAZ @) | Y79 | +185 | +o84 | +293 | <82 | t3o

4839 4385 442.3 415.7 446.1 419.0

FEAAT @ | Lga1 | +394 | +609 | 419 | 596 | tees

L FA = 3.36 2.34 3.63 2.92 3.17 2.51
(g/day) +072 | 096 | £1.00 | *£143 | *1.01 - *0.75

1. & 500 ppm A& T4

[uc)
M

A%l £28 ¥ AE 4% 7] $AY ¢ 57, zAEH 58
SUTHE 68). smZ2ud Huleasge BTy A4 ¢ Tost Zud & 4
Aol Bgol dgiom B3 YA FATAA e EHH Ao vk
NEE ASADTCANA A2 drtEage gETd Ha ga wrls
shgov 2 Aolzk ATk 3 A%, ALY BAE 244 /E RAHE AT
A4 £ Jebdth AF 100g 3 AVIEAS Avud ATl 2 Rolrt g
Atk wel AP 2ABGAL W 27 APANE HA7B) o5 24 A=}
2A deldout tE At YehuA eksto,

M~

ol
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Table 68. Henoglobin content, hematocrit value, organ weight, and lead content

in the organs of lead-detoxified rats by lard feeding

Pb g 4=F (ppm)
27498 ’
A (0 B(-500) C (+500)"
Hematocrit
e”(l;;’cn 352+31 | 343%15|304%32 | 33.6£25 | 30825 | 28.1+44
(o]
Hemoglobi
er(r:;iﬂ‘; 1826+ 122|855+ 752|752+ 1.18[8.20+ 0661752+ 1.80] 777+ 1.18
| 1473 | 1350 | 582 | 1315 | 1508 | 1355
T | +337 +1.10 +3.33 +121 +2.33 +2.04
A7 5 Al A ;
@ | g |L37F014]1.2350.20] 160-0,67) 144%0.15( 165+0.17| 148+0.19
=
" |1.73£013(1.68%0.15|1.78+:0.20| 1.740.15]1.73£0.101.60%0.16
g1m | 7 |3.05059(3.1720.12(3,55+0.36|3.18+0.35|3.37+0.273.22:£0.07
]
(8/100g | * 6 57+0,04]056+0.05]0.71 +0.220.69+0.03/0.70+0.05|0.71 £ 0.07
Body Z
. A
Weight) j 0.72%0.07{0.76£0.07|0.81£0.12|0.840.08|0.780.06|0.77+0.07
4| 1 117 0,66 6.37 1878 | 1509
+118 | +139 | +911 | +395 | +1426 | +956
#7 Z[A] o6l 060 2638 | 1557 | 7779 | 821l
G gF | F | =064 +1.01 +3446 | 1549 | +5445 | +51.25
(ppm) j 2098 | 1554 | 1754 | 1878 | 2442 | 2750
T x1s2 | 266 | 388 | 654 | *o20 | =777
=

1. & 500 ppm A& FoF

A AR & Foi}
EE EERE

Ztol el DALAD #4<& ¢ F7 3¥9€ B
A&Hxn e C AT A& =A UERTHE 69).
DALAD 42 A > B > C €42 Jeyth
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Table 69. Activated DALAD and non-activated DALAD in the liver and blood
of lead-detoxified rats by lard feeding

Pb A 8l4F (ppm)

2385
A O B(-500) C (+500)"
active 0.088 | 0079 | 0098 | 0100 | 0.155 | 0.238
+0.016 | £0.015 | £0.018 | £0.025 | £0.024 | +0.344
5| non- | 0175 | 0137 | 0.46 | 0161 | 0.187 | 0185
active | +0.043 | £0.090 | +0.058 | £0.064 | £0.055 | =0.073

Ratio
0.50 0.58 0.67 0.62 0.83 12
DALAD (A/B) o
g4 active 0219 | 0211 | 0155 | 0165 | 0129 | 0126
+0.020 | £0.044 | £0.034 | £0.035 | £0.043 | +0.036
| non-| 0136 | 0123 | 0031 | 0032 | 0022 | 0027
o} | active | £0.031 | £0.035 | £0.012 | +0.002 | £0.009 | +0.019

Ratio -

161 1.72 5.00 5.16 5.86 467

(A/B)

1. & 500 ppm A& FAF

BAFAME HA7IEH

we S5 g dat AY AdE 08FE 7003 2 $Rds 2ug

22
'—9-“r"r‘

Z18°] HAE 9% =duA gt Y

& 500 ppmo] A%HoZ FAHR Yt C AYFAME HA B Jate] B3}

w29 Wdo] @AsA =t
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‘Table 70. Metabolic trial of lead-detoxified rats by lard feeding

Pb A8 4F (ppm)

=3 5.
A (0) B(-500) C (+500)*
Fat corn oil lard corn oil lard corn oil lard
No. rat 3 3 3 3 3 3

4368 | 4477 4252 392.1 4779 4352

TRA A =
A2 @ +536 | +270 | +580 | +266 | +216 | =364

4455 446.9 4365 3747 479.3 437.7

Za X A=
SRAAZ +508 | +417 | *642 | *73 | *281 | £364

174 -0.15 2.25 -3.47 0.29 0.50

Qb= A=
4% 1% *+0.58 +3.02 *155 +£2.87 *+3.63 *+1.22

19.15 17.72 2043 10.63 17.53 18.19

= 2k
FhHEFAE (g) +1.28 +1.94 +454 +4.35 +3.74 +3.30

0.55 0.58 0.55 0.58 4884 | 4845

A& % Pb (ppm) +0.09 +0.18 +0.09 +0.09 +79 $£10.1

ZPbA # (ug) 10.53 10.28 11.24 6.17 8,562 8,813

2u3 (o) 13.32 12.02 12.08 7.83 1151 14.05
e +1.19 +1.85 +2.05 +3.05 +457 +4.37

0.22 0.17 3.09 1.56 2065 3108

% P
TED@em) | o00 | w004 | +277 | o6l | 574 | +1352

EPbul d (ug) 2.93 2.04 3733 12.21 23,768 | 43,667

109.0 82.8 54.1 61.5 93.7 1139

T=? (@ +738 | 622 | =124 | +353 | +638 | +548

. 2 Pb () 006 | 003 | 15 | 15 | 100 | 160
+003 | =003 | *098 | +051 | 079 | +041

x Pbul A (ug) 545 | 248 | 9602 | 9533 | 987 | 1822
 ZPbelA (ug) 838 | 452 | 1334 | 10754 | 23867 | 43849

Pb retention (ug) 2.15 5.76 -122.1 | -1014 | -15304 | -35,036

Pb retention (%) 204 56.0 -1,086 | -1,643 | -1788 | -3976

98. 6. 29 - 7. 6 (5¥3)
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Table 71. Growing performance of lead-detoxified by pork and lard feeding

Pb A El$+2 (ppm)

5488
A (0 B(-500) C (+500)"
Protein casein pork casein pork casein pork
Fat corn oil lard corn oil lard corn oil lard
No. rat 6 . 6 6 4 6 4

342.6 339.2 289.8 268.8 313.0 283.7
+479 +515 +284 1.7 +28.2 +78

483.9 399.6 442.3 436.7 446.1 387.1
+63.1 +1835 +60.9 1286 +53.6 +62.5

RANAZE (g)

FEAAZ (g)

LG5 A F

3.36%0.72|13.30+1.44{3.63+1.00]4.00+1.05|3.17+1.01 2461122
(g/day)

1. & 500 ppm A Q7

AHgo]l T2E A 459 37 FAY & 24, 5a84 52 B
SFAHE 72). HARIZ2WH uiEaRLE BZY A$ ¢ F4r Iun & 44
Zi7kel B g AUtk S=F ASAYFC)NN HEZ2uT HulEage gz
7ol HlE ta @rlE dgou & ozt Auen FA s G B o e
ol Bo|x it} 7PN@'@*4ﬂﬂW‘%ﬂﬁﬂﬂv&wl AY TN =
A dEbdth A 100g B FVIRAE AU A PR 2 Fol7t QY. @
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Table 72. Hemoglobin content, hematocrit value, organ weight of lead-detoxified

rats by pork and lard feeding

Pb A& 4F (ppm)
249z
A (0) B(-500) C (+500)"
Hematocrit
en(’;‘;m 362+31|352+1.4 30432 | 300256 | 30.8+25 | 306+3.2
(o]
Hemoglobi
er(n‘;i; ™ 18.26+1.22]7.79+1.07|7.52+1.188.44+051 | 752+ 1.80| 755 +0.33
2,
| 147 1494 | 1582 | 1436 | 1508 | 1267
Tl +337 +2.28 +3.33 +1.39 +2.33 +1.04
A7V FA | A
@ |z [L37E014| 1422011 |160£067| 1475024/ 155+0.17|1.450.11
x
j 1.73+0.13]1.74%0.16|1.78+0.20|1.70+0.10{1.73+0.10| 1.53+0.14
175 | 3 [3.05+059(3.100.12|3552036|3.20=0.16(3.37:£0.27|331+0.37
Al
(g/100g , |0.570.04/059%0.08{0.71%0.22| 0.670.08|0.70+0.05| 0.75+0.08
Body ;5:
. o
Weight) | *° 10.72:+:0.07|0.74:0.16|0.81 £0.12|0.78%0,07|0.780.06 | 0.80+ 0.06
| 1% 2.20 066 2115 | 1878 | 1487
1 +1.18 +2.09 +911 | +1488 | *+1426 | *764
F71 = [A [ 06l 128 238 | 4299 | 7779 | 5125
3 g% | 2| xoed | +163 | 3446 | +2393 | +5445 | +22.30
(ppm) : 22.28 1451 175.4 226.03 244.2 237,69
| x782 | x270 | 388 | *2192 | o920 | 4691
1. ¥ 500 ppm A& FoT

Zto A o] DALAD 4L & F97F $9¥ B HFAMED & F47}
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A4HT e C AYTAA HE A duhithE 7). ady QddAel
DALAD 4& A > B > C 42 Uewth. s 243 DALADS Hg4
¥ DALAD® vl§¢ v3ald HA718% 077 S8 AeFe Qurso] A
ATuG e $AE Y 2oy YAAAE B AT C AT A A
A7) % A 177 Fl® A FE dNAo] AYTHY Te £E mo

Table 73. Activated DALAD and non-activated DALAD of lead-detoxified
rats by pork and lard feeding

Pb AT+E (ppm)

e

3% =

A (0) B(-500) C (+500)"

active| 0.0838 0.069 0.098 0.088 0.155 0.114
(A) | £0.016 | £0.030 | *0.018 | £0.024 | £0.024 | *£0.021
non-

0.175 0.182 0.146 0.180 0.187 0.163

{1_ .

aig‘)’e +£0.043 | £0088 | £0.058 | 0040 | +0.055 | +0.036

Ratio
DALAD wp | 050 038 | 067 | 049 | o083 | o070
84 active| 0219 | 0201 | 0155 | 0151 | 0129 | 0163
(A) | £0.020 | +£0.036 | £0.034 | £0035 | £0.043 | +0.014
g n:flv_ 0136 | 0117 | 0031 | 0020 | 0022 | 0017
o a‘;};)e +0,031 | +£0.030 | +0.012 | £0.008 | +0.009 | +0.002

Ratio
161 072 | 500 | 755 | 58 | 959

A/B

1. & 500 ppm A& FHF

AAZ1EH AR 27 FA Fold] g AN BHE= G E 748 2ok @
o w7t ¥ B A TFolMe Eozol wduE w29 sjMe] 453 =4
2 A& AT Aeele Roze wjdoe) W Egth ok BE %9 g
°f d¥E FHA 2 A FBE FAdQ U o] olds Az HAs)E
% HAR7] FA FATY BE BY C EFAGA e #de) g¥Foz Aesin
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Table. 74.» Metabolic trial .of lead-detoxified rats by pork and lard feeding

R Pb A& +F (ppm)
24 %=
A ) B(-500) C (+500)*
Protein casein pork casein pork casein | pork
Fat corn oil lard corn 'oil lard corn oil lard
No. rat 3 3 3 3 3 3
ANAZ (@) 436.8 472.7 4252 429.6 4779 394.6
& | 1536 | +364 | *580 | *312 | *216 | %511
EaA A= 4455 463.9 4365 4299 479.3 429.9
+50.8 +1065 +64.2 +29.4 +928.1 +29.4
UFEAF  |1.74+058|-1.42+294|2.25+155|0.07+0.41|0.29+3.63|2.56+0.88
FANBFAF 19.15 14.20 20.43 15.17 17.53 11.64
(g) +1.28 +4.63 +454 +1.74 +374 | *+1033
AL2% Pb (ppm)|0.55£0.09| 0.48%0.09 [0.55+0.09]/0.48+0.05]488.4+7.9|531.8+4.4
ZFPbA A (ug) 10.53 6.82 11.24 7.28 8,562 6,190
23 (o) 13.32 1115 12.08 13.51 11.51 13.96
w8 +1.19 +3.84 +2.05 +435 +457 | *£11.39
22 Ph (ppm) [0.22£0.20] 0.12£0.12 |3.09£2.77|1.85+0.44| 2065+ 5741643+ 650
EPhul A (ug) 2.03 1.34 37.33 24.99 23,768 | 22,936
2w (o) 109.0 712 54.1 719 98.7 58.9
& +73.8 +26.9 +124 +39.1 +638 | *+17.1
=% Pb (ug) [0.05+0.03] 0.08+0.03 |1.59+0.98|3.00+1.01]1.00+0.79|1.53+0.31
% Pbul A (ug) | 545 5.70 06.02 215.7 987 | 90.12
ZPbel A () 8.38 7.04 1334 240.7 23867 | 23,026
Pb retention(ug) | 2.15 022 | -1221 -2334 | -15304 | -16836
Pb retention (%)| 20.4 -32 ~1086 | -3206 | -1788 | -2720

1. ¥ 500 ppm A& FoAF
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22 FUT ATFECk AT P Y Rez o Aok AA - AP =
g aETe FREC] Fad AAse Al e 2EY VAL AAHF2E
AEE FERYLEN FEIY THd IAAHA aFrdolt. dE B9 HAVNE
AN RIHA BHE &Y V1§ HHel AeA F7b o]5o] dA4®Y. o] %y}

[e]

I
rlo
)
2
off
2
e
o2
H
N
i
o
ne
rlr
[
A
o]N
=2
ot
K
o
H

EYAEANA e AolFn EF MAEE HA D79 HA7E QHE 2714
4 Q' A7 dFEAE O FERIAN U9 R A5 A2 gL
ok AR L7 HAZIFol FFE wWlE F T A 4FoZ AR AdE =R
2719} 718E o] 4F sHFAE TFsA ALY Roln, WY A AHY
AANZIEE A AT Fo E8F2o24 %1 715490 FL& AZAEY HE5Ho)
Zlth €.
L AANA 7l=F 5 @4 #2 € AX17], HAVE € SAQnr)e @278
& X FoAd g% Fl=F A=A
7h FFEE 5 2 AdAE 8F9 4FA4, 1= 24 A7 A%
77 Z7kst hematocrit X ¥ hemoglobin %9 dd Ag Zirz B q
AAANN AET5E FEdste =8 $£F2 50 ppm o]4 o= Hrig
U 7= dE5d @AM dud FU902 FHAQ dae HAuslg o
ARE o AR 7] FAFANA ZFE&o] E}T hematocrittt hemoglobin &
Fol A ¥z IEHT 50 ppmTelNE 3 AZY =g B
AR 327 A7t FrgFoem v
o AAZIE T g% AZAPAME JEF 50 ppm FEAH FEH F
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FASAT AY FLdo2A S5FIE Ao HArIEez dAYS o
A

BRE0 Y FE2E HEPYu, AF FAY hematocrit 2 hemoglobin
FEFE A FF H92 B3I 289 39 AFe] 2FHY S=F 3
FE AW F409 F93Q 2o)7t ATt

2 AR L7 HA7E FA T o8 HEAFANE AR

&, 7+
A, hematocrit®t hemoglobin &l A =T Rol7t gz, 3 AF

)
£
oL
o

A
2. RN & FH @4 i

A T A & AE5AE

g 5 f2 AddAe 438, § 53 A9 dEEF 3§32 7
EId& Y F FE FL 2 250 ppm oA o2 Frp),

W X2 Rl g | HE 9F AFME Aol ¥ F7 54w
2 FA3 Aole gideud, qEZAAN & FH%L F H7 24 A
F7HRAE, AR L7|2 dAF AZFANE G b 2 @A ¢ &
Aol fredog Bkt

. AA71E T @ WS APIHE 500 ppmFEAM FHEA AE
Al gk A4S, hematocrit, hemolgobin, &71¢] FAlA AAH S
. Zey dEE F9 $¥FE A5 71335 %E 500 ppme AS T4
g Ty A P #AQe] EEEt dx2Fo vE B& Al A
2 dEd 9¥FS +500 ppm, -500 ppmT F3 HET B HAVE F
7t o Be AFgE Byt

g HARLZE J1EE FA FA% AgdaAdE d3F5AE,  hematocrit,
hemoglobin, 7F, A%, Aie FAZ AFAHA HAUZ EFY dF5 I
W £A3FL +500 ppmTAAE WERTRT B S BAx, 39 A
HEFE JA @itk Az wEE ¢ AT FI] a7 E FA T
FolA BE AFE By

R AR R, AA7E R A2 HAVNES
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3. 7L=F 50 ppm FF, @& 500 ppm2=Z o A] TEANZL EAE FAEAA, A
Al AA 7] B AR 279 HAZE FA BA £8E FES A5A7)
T 27 A A EAY 2dE 2943 4964 2Auw ojyat
U Y 22AEIAE £98 A2 8L4Y 4 gL Aoz AHEy,
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Summary

This study was carried out to clarify the effect of pork and lard on heavy metal
poisoning. A number of toxic effects 3 in humans and animals resulting from
heavy metal - especially, cadmium (Cd) and lead (Pb) - exposure have been
reported. Cadmium and lead were some of the most important heavy metal in
environmental toxicants. Therefore, lead and cadmium in this study were used.
The diets mixed with several dose of lead and cadmium were supplied with ad

libitum in male Sprague Dawiey rat for 7 to 8 weeks.

The effects of exposure to cadmium with or without pork and lard in feed on
several aspects were evaluated by gross findings, histopathological examination
and electromicroscopic study. The rats exposed to lead were shown individually
the yellowish color changes and swelling of the liver, emaciation and atrophy of
the organs. Histopathologically, the rats were shown the cellular degeneration in
the liver, the tubular degeneration, focal cellular infiltration and calcium deposition
in the kidney and the degeneration of spermatids, giant cell formation and
decrease of cellularity in the testes. Electromicroscopically, the findings were the
vacuolation, rough endoplasmic reticulum(rER) dilation, loss of ribosdmes in the
hebatocytes and the loss of microvilli, increase of lysosomal bodies, vacuolation in
the tubular cells. But, the. rats received diets mixed with pork orfand lard during
the toxificating period or the detoxificating period were shown individually
decreased degrees of the lesions compared with the rats supplied with the

control diets.
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The gross findings of the lead toxicity were the yellowish color changes and
the marked lobular connective tissues} in the liver and the atrophy, white spots,
harden dry in the kidney. The histopathological findings of the rats administered
Iead~containing diets were the cellular degeneration, focal cellular infiltration, and
fatty changes intranuclear lead inclusions in the liver, the tubular degeneration,
cyst formation, focal cellular infiltration, and intranuclear lead inclusions in the
kidney, and the decrease of cellularity in the testes, the edematous changes,
focal hemorrhage, and gliosis in the brain.

The electromicroscopic observations were the vacuolations, rER dilation and
decrease of ribosomes in the hepatocytes and the loss of microvilli and decrease
or swelling of mitochondria in the proximal tubular cells. However, the rats
supplied with pork or/fand lard during the lead-poisoning period or detoxificating

period were shown gradually decreased degree of their lesions.

These results suggest that pork and lard seem to have protective effect against
lead or cadmium-induced toxicity and have increase the detoxificating activity
against heavy metals. But, some rats supplied with lard were shown the fatty
change in the liver. So, the exclusive intake of only lard may result in the
excessive deposit of fat in the body.

These results suggest that the balanced intake of pork and lard can protéct
effectively the body accumulation of the heavy metals which were éxposed

continuously in our daily life.
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HHEAE 4EgAs #E9Y (Table 1). & J}=§8 %57} e E
Z

g5 AnAQA HeEle 3 (emaciation) 34

S
>,

2. de|x=xzstx Ha A

(1) zt&

TAHA dEzTAME wgF T4 GFATY AL A nE Sold wWw
< Y F YUY (Figure I; Table 2). P %% 4 JZALE APSZ g
EoM ditdoz AFHE Wil wid Hesty wuon A4 4 ok

HEHE FATAME AEY Aot AW FAX gzTH Hasd By

THEEC] A% Wy Yol T gk J=E RoFe BATME=
HAdol #ZHY, sinusoidlME A4 Eho] =HEol 9ot (Figure 4;
Table 2). 2 HE o] IS 2AT AFP)

(2) A=

TAA dE2TdE Jt=ge 8 4LHE ¥we BIY 7 A9y
(Figure 2). 7128 R 9 Ry dad 29 TAnd A9 T WAy
R Zdd Rl #AHD ok ZYTHARD UBAAN 2JYER] 2x
o] A9 (Figure 5; Table 2).
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(3) nst ,

AR dzTde 7tEECd dd fEHes ¥¥E L I /ARG
(Figure 3). 7128 Fo4 79 FoExo s AXHAY A5 a2 2 A
SALY Edo] BFHAG (Figure 6; Table 2). |

4

p

w
r2
|
ret
2
o
2
e
Bt
i
Ac]

flo

HEFE FISIHA Fe gxTdyg I AAHA  PEZ=go}
(mitochondria), # X< (ribosome) 2 F343H MY W3 Al (rough endoplasmic
reticulum)5-o] #FFH AT Figure 16). FI=FL 857 F 43 FA+Y %
drE slEZ=gold A FE7 #FEHALH, AEAAA AT W AdA F
ge Aoz FAHE A7 94T B 9 FE(vacuole)7t #ZHIIG
(Figure 17).

I

@ %
HEFS FIHA G 2Ty A7 ZAFARS YA LA B
A vlATRs #FE OE, JIEES R FoTAME AZAAM FE
o

(vacuole)7} & =AU

o
i
j;;_l
s
=

74 AT WAL =g o8 AXTe By 215 oF 42
= gwoz AT ZhAE 7hA|EAlele ZAE#AS sinusoiddl A 4
AEAo] AFRE AT WA o3 ZATANREH FEF dudo] 3T
o 9 Aoz 2AAY. £F A=Fe AFAL M sinusoidol 9133
9= Kupffer celle] &Al3ld Ao =R %Zé%q.,%‘*rqﬁligl WA x2Y E
Ao WA AL AU F49 =g A AFA &4 guEd, &
g4 g =g da AFE 49 AUAze BxRAL ouss A
olth, FA=Fo] ZEeIA AHHT Y& Ao APH TS fLse &
A9 AAZo] =0 AY A ALE WYHRE Ao FHAG
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=}
ASES 877 T F HARIE FHE ASS FHUA L ARE o
e FRE F927 9T (Table 3).

SF=gol FHEol A Fe ARE 87 ol 857 AA LIt FHE
Hel 2T AFAME FAAYE FHo2 AT/ dE2 HYE o
Fag ywWol #FHR gttt (Figure 7). 71=F =71 25ppm¥}
= FolT W—‘= Ao HARANE Are Folu A}
#3845 gt =% 557} 100ppmT 250ppme =
AFNME AR HAA LIS FANE FAFE e TAEY W
i A9 dFME HAFo] #FE wd (Figure 8), AR = A 1]
T A E dE2TY A7 94 #2FIE FA Z9E F
Aoz ZvAlEY 482 AFEHo] g (Figure 9).

sl=go] #HEol QA e AIRE 857 Ho|u 877 HA LIt F4E
He A% ArAst 29 TAxBlN B 3
Wg BAY $7F YU FAEE S5/ 100ppmeE S5 n ARY HAz

2] #d FoATARgNE 29 AT AAA T A
Az e 9489 224 EZo] #&dA (Figure 10). Wd Jl1=F &%
7} 100ppmo.2 BA5: AR HALA} FrhE ARE TG FAFA
= z7e A% 52U Ealg e BFYE 5 AU (Figure 11).
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3) mst |

7tEEo] REH UA & AEE 8FT ‘!M 82 A 717 FFE AR
£ 9 dzT AFdM e ndelA FHE BHE FEE U1 i =
L7t 250ppmeE TR HA 277t uEZME AARE B FoT n@oAME
13e] FAd TN AR FAgo] #FHT YA gt (Figure 12). wHaol 7}
ZF F%7t B0ppmeE Fodti SR HotE AR E T FoF 2@
ME T HUg #FY 71 YA (Figure 13).

3. MXgio|ZdE A

(1) Z+=

AR 2717 A7HE ALEs} vH7tE AR E g FojFAlole] Azl AnA
2 ¥y oyt #AEY JI=F FE7F 250 ppmoE Tt Algd H A
1717} HF7E AR E T FATE AFAAE BAE AXFD Yo FE3
A A% 3 Al(rough endoplasmic reticulum)ollA] §#HE Aoz FHF =7
7} v et FE(vacuole)”t #FHY (Figure 17). ¥t J1=F s %7} 250ppm
o2 Foda Atgd HAARVIF HIME AlRE o FoF BFANNE 3
AEA T HHE #FF 71 vt (Figure 16).

(2 8%

HA17)7F B AR mlEHME AR E 3 B F Alolo] A=A} du
A3 Wy o7l #FEY. JI=F FE7F 250ppmlE FHF I Alg e
An717F wF@7HE AARE RO FAT 7Y 29 FA=R FIAAEAAME
aA77F 944 327 AEZAA #FZHFAY (Figure 19). ¥t Jl=F w&7}
250ppme & FAHI AR HA37|7F 100% H7ME AIEE FAF FoF
A7 29 FAx® ZIAZAME FHE W] #EHA e (Figure
18).



£ ¥ (dose-dependent effect)s Y4BT 1A At 250ppm FoTqME H
A7) F47F AN A8 B Axpe JAU B2H1 Qo mse A
F AT t=Egol DHIA FAY, HArY At $589 250ppm
LEFAAT FRe o7t Qe & o dFsor 2@ Roz Ay "G

Table 1. Gross findings of the rats administered with cadmium for 8 weeks

. Durat
Group Cadmpm uration Total No. of rat Findings(No.)
concentration(ppm) | (week)
A 0 8 6 NGL?*(6)
B 25 8 6 NGL*@B)
C 50 8 6 NGL?(6)
NGL%(®6)
D 100 8 6
o Emaciation()
Emaciation(6)
; Exposed penis(6)
E 250 8 6
. Atrophy of kidney(6)
Atrophy of testes(6)

a : No gross findings
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Table 2. Histopathological lesions of rats adminisiered with cadmium for 8 weeks

Group A B C D E
“No. of rat 6 . 6 6 6 6
Degree of . s
Histopathologic I ES R - s e o e e A E 2 E A I == N e R
Lesions
Liver
Cellular Degenerati()n 6 ) 010]2}0(3;1107013[31072(0}4 010 0 015 . 1 v}
Focal Cellular Infiltration 5(110|2(2{2{05/0j0101)2/212]0}0]313}0/0/ 0
Fosinophilic Material in Sinusoid 6/0/0{010{0,0|{6[0]0]0|0]|6]0]0(0j0}51010|01} 1
Kupffer Cell Hyperplasia 6 0 0 01010 0|6 00100 6{0/0!0 0 5 0 1 0 0
Kidney
Proximal Tubular Degeneration 6{0|0{5{0{1]0|5{0]1{0;0]3|{0{2{1|0|0]|0}313] O
Proximal Tubular Regeneration 6{0{0{1{2]3]|0[5{0]1]0{0(3{0{3{0[0|4}0}12}0] 0
Proximal Tubular Dilation 511701501012/ 013|110;4/012/0/0}47012/0)0
Focal Cellular Infiltration 6lojlo{5|01110(6/{0|0|0;0|{5}1]0{0]0|6]0{010] O
Fibrosis 6lotof{6io0lo|o0|6l0{0{0]0}|6/0|0}|0{0}5]010]0] 1
Testes
Spermatids Degeneration 6i0(01310/l3(1012(0{3}1|0}1[0{2;3]0|4]0]0!1 1
Decreased Spermatogenesis 6/0]0]/6[010{0|410j111[01510/}1 0f0 |1 01211 2
Giant Cell 6/0(0|6l0J]0]l0}6]0[010}0}6|010{0[0]2({0]3]1} O

: no lesion, *: slight lesion, + : mild lesion, ++! moderate lesion, +++ severe lesion




Table 3. Gross findings of cadmium detoxification with pork

Duration
Group| Treatment of pork (%) o No. of rat Findings(No.)
(week)
0 8 6 . Liver .
A yellowish, swelling(1)
Liver
100 8 6
yellowish, swelling(5)
Liver
0 8 6
B yellowish, swelling(3)
Liver
100 8 6
yellowish, swelling(4)
0 8 5 ' Liver |
c yellowish, swelling(3)
Liver
100 8 6
yellowish, swelling(4)
0 3 5 . Liver |
b yellowish, swelling(3)
100 8 5 ' Liver .
yellowish, swelling(3)
Liver
0 8 6 white cyst(1 ~2¢cm)
E yellowish, swelling(2)
100 8 5 . Liver .
, yellowish, swelling(4)
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Table 4. Histological lesions of cadmium detoxification with pork

Group A B C D E
Microscopic Lesion | Treated pork(%) | 0 {100| O [100| O |100| O {100| O {100
n 616 6|6 | 6|6 |6|6|6|6
Liver '
, - 6| 6|6|5,6|6|6|6|6]|86
Cellular Swelling N olololi1lolololololo
- 6| 6 |6|5|6|6 6|6 (6! 6
Fatty Change . ololol1|o]lolololo]lo
. - 6, 66| 6 |6|6|6|61516
Cellular Degeneration ololololololololilo
- 61 6|6| 66| 6|66 |56
Abscess - ojlololololololo|1]o
- 6|6 | 6|6 |5|6|4|61{5]|6
. + ojo0of(oc|jo|tlO010|l0]0}0
Focal Necrosis . olololololol2loli1lo
++ cjojojofojojt1|y0o0|0}o0
- 5/ 6|6]6]4,3|3|6]|3]|°¢6
Focal Cellular + 11010101 i2|3/0|0]0
Infiltration + 0({0i0j010l1|010]|1]0
++ ojo0lololt1io010l0}1210
Kupffer Cell - 6/ 6|6 6|6|6|6|6{5]|6
Hyperplasia + cj]ojojo|O0|lO0}lO]lO}1]O
Kidney
- 5164|5146 |52 |22
Focal Celiular * oOjo0f(0c|lOj0OlO|0O|2 0] 2
Infiltration + oloj{2|0|1]0(1]l2{3]|2
++ 1 0011 1 010]0 1 0
- 6|6 |54 (2] 411 514] 6
. =+ o000 0O 1 1 1 010
Tubular Regeneration N olol1l2l2l1l2lol2lo
++ olo0fl0j0]|2|]0]2|0]010
Testes
, - 6| 6|46 |6|6|6|6 |66
Spermatids + olol1io]|o]lolololo]o
Degeneration N olol1]lololololololo
. 6|6 | 6|6 |66 ]6|6|4|6
Tubular Necrosis olololololololol2]o
-1 no lesion, =: slight lesion, + : mild iesion, -+ moderate lesion, ++: savere lesion
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Fig. 1. Liver of control rat

The liver is almost normal. The hepatocytes are normally arranged in around the
central vein(C). H&E Stain, X200

Fig. 2. Kidney of control rat

The kidney is almost normal glomerular(G) and proximal tubular(T) appearance.
H&E Stain, X200

Fig. 3. Testis of control rat

The testis is normal appearance, The seminiferous tubules is shown the
generation of the spermatids(arrow). H&E Stain, X200
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Fig. 4.

Fig. 5.

Fig. 6.

Liver of Cd 250ppm feeding group for 8 weeks

There were shown the irregular nucleus, homogenous  material deposition in
sinusoid(arrows), and inflammatory cell infiltration around the portal vein. H&E stain,
X200

Kidney of Cd 250ppm feeding group for 8 weeks

There were shown the eosinophilic urinary casts(arrows) in the lumen of proximal
tubules. H&E stain, X200

Testes of Cd 250ppm feeding group for 8 weeks

The testes were shown the degeneration of the seminiferous tubules(arrows) and
giant cells(arrow heads). H&E stain, X200
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Fig. 7. Liver of Cd Oppm for 8 weeks and pork 100% feeding group for 8 weeks
There was shown the cord appearance of hepatocytes around the central vein.
H&E stain, X200

Fig. 8. Liver of Cd 250ppm for 8 weeks and pork 0% feeding group for 8 weeks
There were the dissociation of the hepatic cords and cellular infiltration around .the
portai vein(arrow heads). H&E stain, X20

Fig. 9. Liver of Cd 250ppm for 8 weeks and pork 100% feeding group for 8 weeks

There were almost normal appearance and regularly cord arrangement of the
hepatocytes. H&E stain, X200
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. Kidney of Cd 100ppm for 8 weeks and pork 0% feeding group for 8 weeks

The proximal tubular cells were shown the lesions of degeneration and
regeneration(arrow) and cellular infiliration around the vessel and eosinophilic
urinary cast in the lumen of the tubules(open arrows). H & E stain, X200

. Kidney of Cd 100ppm for 8 weeks and pork 100% feeding group for 8 weeks
There were almost normal appearance. H&E stain, X200

. Testis of Cd 250ppm for 8 weeks and pork 0% feeding group for 8 weeks
“There were shown the decrease of the spermatogenesis in the seminiferous
tubules(arrow). H&E stain, X200

. Testis of Cd 250ppm for 8 weeks and pork 100% feeding group for 8 weeks
The testis was almost normal and shown the normal spermatogenesis in the
seminiferous tubules(arrows). H&E stain, *<200
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Fig.

Fig.

Fig.

Fig.

14.

15.

16.

17.

Liver of Cd Oppm feeding group for 8 weeks

The hepatocytes were almost normal. EM, x5,000

Liver of Cd 250ppm feeding group for 8 weeks

There were vacuoles(V) and swelling of the mitochondria(M), EM, X 5,000

Liver of Cd 250ppm for 8 weeks and pork 100% feeding group for 8 weeks

The hepatocyte had almost normal mitochondria and rough endoplasmic
reticulum. EM, X5,000

Liver of Cd 250ppm for 8 weeks and pork 0% feeding group for 8 weeks

There were shown vacuoles in the cytoplasm. EM, X5,000
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Fig. 18. Kidney of Cd 250ppm for 8 weeks and pork 100% feeding group for 8 weeks
The normal brush border was observed in the proximal tubular cells. EM, x5,000

Fig. 19. Kidney of Cd 250ppm for 8 weeks and pork 0% feeding group for 8 weeks
There were shown vacuoles in the cyioplasm of proximal tubular cells. EM, X

5,000
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H 28, HX 71§ 07l 7l=F sl 50| njx= A&

2
ook
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ata}
lo
e
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2
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rr
08
0

4 BE RA ovhaF 2okl 4del Az & #glom, 1ol 4 05X04
o Aol FFAYD. 677 Folw CZ 659 HHF 5uky 7ol

@) A=

BAZATH W AAE Table 69 L%=o] 9o} Fl=8 L Eojaix] @
= dE2T AFHANE FRF HP2A e Huo] AP BIER g
(Figure 2). 7F=F 50ppmE 673 593 83 AFNE 29 ZAnT Ay
AE WA Age] BAAT s N AN GZHxe Hgo] B
HA} (Figure 4).

(3) ng

ez 82 e A3 Table 60] 2o450] Utk SF=EL Sojatx @
& qzze aAIAE Faw e 25H Ywo] LA 2y @
. 7tEE S0ppmE 677 FAE 87 RBANE A 4N g, A AT
o o] BEE, TAnp o] BAYAL.

—157—



3. Mxsold B

(1) z2+=

FEFE B &e gz AFdAe 2 HE
A A% oAt -‘)r%lﬂfd‘:} 7}= % S50ppme <J)
7} kst FEI AEFAgA AT

@ A

tEEE Eojatx) e 2T A% 29 FTAnD FIATANE F3F
Sl F]E—E—E o7} AxAA FEHUY. JI=FEE FAT FoT A%
ZAxT AIAE WZZAdE brush border’t AHEA glom AERA o=
FE7F #FFHA. '

He =g o8 Axel £34 F7b SOl 9 K2
o A% 29 TARD ANALY A4} ME =gl
&85 B A4EE F4oz FHAT nBIAY A
9 4 gaFe A=FA 98 ARACE AAANe] FAHE RO 33

MY 2: 7= 55 #Fod HX7[& S0 Cd 3] Sol o] x|

rr
02
o

W zAsd Pde AdE  Table 891 2950 Ytk Ft=Fo] FHH
1A %& ALRE 65 Holx 657 HA 7IFo] FFHE ARE H WET
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AFNE FAANL FHoz AT/ dH=2 FEge . =R
50ppm& 677 FoIF HAVEL FHEAA FL ABE FAF FAF BAET
o WAo] AZHY (Figure 7), FEHRME JZ AT Wgo] BT}
F7 BAF HAZIES 100%TH5E ARE RdH Bd7
4% AE Ao BFHUAYG (Figure 5).
A 718E FHEHA e AEE BAdH Rd7
, BEHNME dF MEe Hgol wIHULG
9% HA7ES 100% TH2 AI8E F

1154

N

4

-

4 2=
¥ S50ppmS 1257 FoF

TAEL] Wgdo] #EE
(Figure 11). 7}=% S50ppm< 2
A3 FALAAE G W
EF0 A% TAE &E4E HF5e Aol Jon, =F Tt HA7)

g9 7 &4 AT FAD Aok BANA Yo,

B N
o
2

O

FelzA A e Ade Table 891 f9%5 o) itk SA=Fo] il ¢
A @& ARE 6577 Holx 653 HA JIFo] FHE ARE YA YzFE 3
HAoAMe A% <9 FA=D AAATNN F2F Wulo] A=A ¢ J}
EF S0ppme 657 FAF HAVIEE FFHR ¥ AEE FAH T F

=F 4 | AT Qo] A=Y, 7HF HEA
o] #FAY (Figure 8). 71=F S0ppme 657 £4F 5=]7)
g FAE FAZAME A 29 FARD AT
Falg WHol #FEHA I (Figure 6). FI=F
S0ppm< 1257k FAF HA 71§E FHHA FL ARE T3 EAFN
T ZIAEANN WA Ao BAET (Figure 12). FI=
¥ S0ppme 273 FAF HAJIES 100% THE AEES FA% TN

A 29 FAxd AYAZAME F3E We] B2 ¥ (Figure
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Mgz es ¥ AsE  Table 80 295 Yk J=Ho| &
AA @S ARE 677 Holm 677 A 7Bl FHE ARE HA o
AFAME A nho FAY Pwo BFHA ¢tk J1=F 50ppm

2 677 FolF HA/IEL FAHA B ARE FAY FAZANE FAA
b 3

FtEgo] FHEel YA FE& ARE 65 Holn 657 AR s1§o] FHE
Aeg =9 g7 AN E BN E A4 viEE=ols £92 4
7 WAz #2EUY. SAEE S0ppmE 653 FIE HAVIES FHEHA
%o BB FAU RARAME BFANE BATY ATDAA 277t B

ZH A9 (Figure 13). 71=% 50ppme 257 9% FAA75L 100% T4
AR E B3 FoFdME AAFH< nEEZ=dole T3 A UaAs &
ZH 2 (Figure 14).
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Be AEE FAT FAZAME A% 29 AT ANATANNE XA
A X7 #ZEY AOAX e EAA brush border’t BERER] o=
o 7tEF S0ppmE 653 FAF HAVEL 100%FHE ARE B9 2o
TAAE A% 29 FAH AAZANE A AL 2780 BB
. JI=F S0ppme 1273 F4F HA 78S F45A 2L AmE 249
FATAME AF 29 FARR FYATAAE JTdN TEs BEHY
B AE el FANA brush border’t #&HA 2T (Figure 16). J}=
S0ppme 253t FAFE HAVNES 100% T ARE R -‘?—‘ﬂ%"ﬂ’ﬂ%
AF 29 FAnG FIAAZAME AREA AT ar#o] BIFEYY
(Figure 15).

4. B3 24

HA 279 vt AFAZ ARV EE FF=FA 3 e AT WEe w3
Aoz d5stn At Aoz APHAJY. DFINE FA=Fe] Sar| ko]
65 125 Aloldle F3 @ Aol gl Aoz AYFUT. AZIME x|
715l 29 FA=E ALY YL GFaE Aog WEzd 24 A
AdRE @A BFIJAYG. nBIA = '
o WS A AR AAE st Aoz Wazy 2744 BEgYn)

i

(=1
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Table 5. Gross findings of the rats administered with cadmium for 6 weeks -

- Cadmium Duration
Group |concentration No. of rat Findings(No)
: : (week)
(ppm)
A 0 6 6 NGL*(6)
Liver-white cyst, 0.5X0.4<m(1)
B 50 6 6
Liver-yellowish(2)
C 50 12 6 Liver-yellowish(5)

a : No gross findings.

Table 6. Histopathological lesions of the rats administered with cadmium
for 6 weeks

Group
Rat No
Grade -

Lesion

(O

H|® 1>

T+
+

++

Liver
Cellular Degeneration
Cellular Infiltration

O

—_
—
—

Granulation

(o) TN @) BN
o O -

Kidney
Proximal Tubular Degeneraton| 6 0 0 |3 2

Proximal Tubular Regeneration
Cellular Infiltration 6 0 0|3 0

Testis |

Decreased of Spermatogenesis| 6 0 0 |1
Spermatids Degeneration 6 0 011

Tubular Atrophy

5 0 1

0 O

I no lesion, I : slight lesion,

+ : mild lesion,
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Table 7. Gross findings of cadmium detoxification with lard

Group Treatment of| Duration| - a e 1
No. of rat NGL® Find N
lard (%) (week) 0. of ra indings(No) ‘
0 5 ' 5 Liver-yellow - swelling Fragil(1)
‘ Lung-Dark red spot, hardness(1)
A (control) - ) )
100 5 5 Liver-yellow - swelling Fragil(1)
Lung-Dark red spot, hardness(1)
B (500pm for -0 6 6 Liver-yellowish(3)
6 weeks) | 49 6 6 Liver-yellowish(1)
Emaciation(3)
0 6 6 Liver-yellowish(4)
C (S0ppm for Lung-Dark red spot, hardness(1)
12 weeks)
100 6 6 NGL?

a : No gross findings
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Table 8. Histopathological lesions of cadmium detoxification with lard

Group A B C
Cadmuim treated, 0 50ppm for | 50ppm for
Microscopic Lesion (ppm) 6weeks 12weeks
Treatment of lard, (%) 0 100 0 100 0 100
Degiete———n)___| 6 6 6 | 6 6 | 6
Liver
- 6 5 6 6 6 6
Fatty Change ++ 0 1 0 0 0 0
- 6 6 1 4 2 4
Cellular Infilfration + 0 o) 5 2 1 2
+ 0 0 0 0 3 0
- 6 6 0 6 2 6
Cellular Degeneration b 0 0 2 0 1 0
+ 0 0 4 0 3 0
Focal Necrosis - g g g g ? g
o + 6 6 6 6 5 6
Calcification B 0 0 0 0 1 0
Kidney
- 6 5 5 5 1 6
+ 0 0 0 1 2 0
Cellular Infiltration + 0 1 1 0 2 0
++ 0 0 0 0 1 0
- 6 6 0 2 2 3
. + 0 0 4 4 2 3
Regenerative Tubules N 0 0 5 0 1 0
++ 0 0 0 0 1 0
- 6 6 5 6 4 6
Tubular Degeneration + 0 0 1 0 2 0
' + 0 0 0 0 0 0
. - 6 6 6 6 5 6
Fibrosis + 0 0 0 0 1 0
Testis
- 6 6 6 6 2 6
Decrease of Cellularity + 0 0 0| 0| 3]0
+ 0 0 0 0 1 0
- 6 6 2 4 2 4
Cellular Degeneration x 0 0 3 2 2 2
+ 0 0 1 0 2 0

- no lesion, = : slight lesion, + : mild lesion, ++ : moderate lesion, +++ : severe lesion
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Fig. 1. Liver of Cd Oppm feeding rat for 6 weeks (control)
The liver was almost normal. H&E stain, X200
Fig. 2. Kidney of Cd Oppm feeding rat for 6 weeks (control)
The kidney was normal. H&E stain, X200
Fig. 3. Liver of Cd 50ppm feeding rat for 6 weeks
The hepatic necrosis(arrows) was observed around the central vein. H&E stain, X

200
Fig. 4. Kidney of Cd 50ppm feeding rat for 6 weeks
The cellular infiltration(arrows) was observed inthe renal interstitum. H&E stain, X

200
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Fig. 5.

Fig. 6.

Fig. 7.

Fig. 8.

Liver of Cd 50ppm for 6 weeks and lard 100% feeding group for 6 weeks
The liver was almost normal. H&E stain, X200

Kidney of Cd 50ppm for 6 weeks and lard 100% feeding group for 6 weeks

The kidney was almost normal. H&E stain, X200

Liver of Cd 50ppm for 6 weeks and lard 0% feeding group for 6 weeks

The hepatic degeneration was observed around the central vein. H&E stain, X
200 '
Kidney of Cd 50ppm for 6 weeks and lard 0% feeding group for 6 weeks

There were shown interstitial inflammation(arrow) around the glomerule. H&E stain,
X200
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Fig. 9.

Fig. 10.

Fig. 11.

Fig. 12.

e s

Liver of Cd 50ppm for 12 weeks and lard 100% feeding group for 6 weeks

The liver was almost normal, H&E stain, X200

Kidney of Cd 50ppm for 12 weeks and lard 100% feeding group- for 6 weeks
The kidney was almost normal. H&E stain, X200

Liver of Cd S0ppm for 12 weeks and lard 0% feeding group for 6 weeks

The cellular necrosis was observed in the hepatocytes around the central vein.
H&E stain, X200

Kidney of Cd 50ppm for 12 weeks and lard 0% feeding group for 6 weeks
There were shown cellular infiltration(arrows) in the renal interstitum. H&E stain,
X200
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Fig.

Fig.

13. Liver of Cd 50ppm for 12 weeks and lard 100% feeding group for 6 weeks
The hepatocytes demonstrate mitochondria and agranular endoplasmic reticulum.
EM, X5,000 .

14. Liver of Cd 50ppm for 12 weeks and lard 0% feeding group for 6 weeks
There were shown vacuoles in the cytoplasm of the hepatocyte. EM, X5,000
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Fig. 15. Kidney of Cd 50ppm for 12 weeks and lard 100% feeding group for 6 weeks
The brush border was observed in the proximal tubular epithelium. EM, X5,000

Fig. 16. Kidney of Cd 50ppm for 12 weeks and lard 0% feeding group for 6 weeks
There were shown vacuolations and loss of brush border in the proximal tubular

epithelium. EM, X5,000
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A 33, "Sixjn7|et Hx|7|5e] HEF0{II Cd o 5ol o|xl= &
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CTL s5AE 717 FolE A48 Cd 50ppme 598 FozA itz 5
A|37] 100% W AR E 650 TFE AAEL g Pl BFHA Lo
t, 0% WIEE AIRE TERE AAEL A FAx 23 270 1d, 5

3 (Emaciation) B AF AFE 7A7t 20 F2HYT (Table 11).
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o AW &
(Fig 17)..

EF AFe Z9AxdE AxFdy So|F
o, U] A8 Z(microvill)® FdHFo=Z #F

o X7 BRHAT A

TR &£48 BEHA U
Tz Wite #FHA &ge
o} (Fig 19)

Table 9. Gross findings of the rats administered with cadmium for 6 weeks

‘Group |Cadmium (ppm)| Total No.

Findings (No.)

A 0 6

NGL.? (6)

Liver-yellowish, swelling (2)
Atrophy (1)
Lung-white nodule (1)
Kidney-Atrophy (1)
Testis-Atrophy (1)

C 50 6

Liver-yellowish, swelling (4)
Emagciation (2)

a. : No. Gross. Finding.

Table 11. Gross findings of cadmium detoxification with pork and lard

Group. (Cd ppm/Total perio
Total No. Findings (No.)
Porcine lard + pork (%)
A 0 6 NGL.2 (6)
0/ 12 wks) 100 6 Liver-yellowish, swelling (1)
B 0 6 Liver-yellowish, swelling (3)
(50 / 6 wks
0/ 6. wks) 100 6 Liver-yellowish, swelling (3)
c 0 5 leer—yeIIOWI.sh_, swelling (1)
(50 / 12 wks) Emaciation (2)
WiS 100 6 NGL? (6)

a. : No. Gross. Finding.
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Table 10. Histopathological lesions of the rats administered with cadmium for 6

weeks
Group ‘ A B C
Cadmium (ppm) 0 50 50
No. of Animal 6 6 6
Histopa?sglfgcolf_esions o e i B T “E T +++
Liver
Cellular Degeneration 6101011]2|3({0(0]|0|4|2]|0]|0
Focal Cellular Infiltration 6/{0{0|1{4]1]0[{0|0|4]|2]|0]|1
Kidney
Tubular Degeneration 6{0{0{0|5|1|0|0|1|{5]|/0f0}]0
Tubular Regeneration 6/0/0|/6|0{0|0|(0}|6|0]|0]0]0
Focal Cellular Infiltration 6/0|/0|5({0|1|0j0|5]1|0|0]|0O
Calcium deposition 6/0/0/6(0|0|0|0|6|0|0{0]0O
Testis
Spérmatids Degeneration 6/0/0[5|0]{0|0[1|5{1|0{0]0
Decreaéed Spermatogenesis 6/0/0|2{3|0|0|1(1|5]0(0!]0

- 1 no lesion, %: slight lesion, + : mild lesion, ++ moderate lesion, +++ severe lesion
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Table 12. Microscopic lesions of cadmium detoxification with pork and lard

Group A B C
: Cadmium (ppm) / 50 / 6wks
Microscopic Lesion Exposed period-week 0/ 12wks | 0 / 6wks 50 / 12wks
Pork and Lard (%) | O 00| O 100 O 100
n 6 6 6 | 6 6 6
Liver '
- 6 5 6 6 6 6
Fatty change + 0 1 0 0 0 0
- 6 6 6 6 3 6
. x 0 0 0 0 0 0
Cellular Degeneration N 0 0 0 0 5 0
++ 0 0 0 0 i 0
- 6 6 4 5 1 6
_—_ * 0 0 1 1 2 0
Focal Cellular Infiltration N 0 0 i 0 1 0
++ 0 0 0 0 2 0
Kidney
- 5 6 5 5 4 6
L * 0 0 0 1 0 o
Focal Cellular Infiltration N 0 0 4 0 5 0
++ 1 0 0 0 0 0
- 6 6 3 3 3 5
) + 0 0 1 2 2 1
Tubular Regeneration N 0 0 > 1 3 0
++ 0 0 0 0 0 0
- 6 6 4 5 5 6
Calcium deposition x 0 0 1 1 i 0
: + 0 0 1 0 0 0
Testis _
- 6 6 6 6 6 6
Celiular degeneration * 0 0 0 0 0 0
' + 0 0 0 0 0 0
: - 6 6 5 5 2 6
Decrease of cellularity * 0 0 1 1 4 0
+ 0 0 0 0 0 0

- : no lesion, £: slight lesion, + :
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Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

—

. Liver of Cd Oppm feeding rat for 6 weeks (control)
Normal hepatocytes were observed. H&E stain, X200\
Kidney of Cd Oppm feeding rat for 6 weeks (control)
There were shown normal glomerule and tubules. H&E stain, X200
. Testis of Cd Oppm feeding rat for 6 weeks (control)
There was shown normal spermatogenesis. H&E stain, X200
Liver of Cd 50ppm feeding rat for 6 weeks
There was shown cellular infiltration around the proximal tubules(arrows), H&E
stain, X200
Kidney of Cd 50ppm feeding rat for 6 weeks
There was shown calcification around the proximal tubules(arrows). H&E stain, X200
. Testis of Cd 50ppm feeding rat for 6 weeks
There was shown the decrease of spermatogenesis. H&E stain, X200
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Fig. 7. Liver of Cd 50ppm for 6 weeks and simultaneous feeding of pork and lard 100%

group for 6 weeks
There was shown normal appearance. H&E stain, X200
Fig. 8. Kidney of Cd 50ppm for 6 weeks and simultaneous feeding of pork and lard

100% group for 6 week.
There was shown normal architecture. H&E stain, %200
Fig. 9. Testis of Cd 50ppm for 6 weeks and simultaneous feeding of pork and lard

100% group for 6 weeks
There was shown normal spermatogenesis. H&E stain, X200
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

10.

1

12

13.

14.

15.

i ¥ : " e

Liver of Cd 50ppm for 6 weeks and simultaneous feeding of pork and lard 0%
group for 6 weeks

There was shown cellular infiltration around the central vein. H&E stain, X200
Kidney of Cd 50ppm for 6 weeks and simultaneous feeding of pork and lard 0%
group for 6 weeks

There was shown the calcification around the tubules. H&E stain, X200

Testis of Cd 50ppm for 6 weeks and simultaneous feeding of pork and lard 0%
group for 6 weeks

There was shown decrease of spermatogenesis. H&E stain, X200

Liver of Cd 50ppm for 6 weeks and simultaneous feeding of pork and lard 100%
group for 6 weeks

The hepatocytes were almost normal. H&E stain, X200

Kidney of Cd 50ppm for 6 weeks and simultaneous feeding of pork and lard
100% group for 6 weeks '

The glomeruli and tubules were almost normal. H&E stain, X200

Testis of Cd 50ppm for 6 weeks and simultaneous feeding of pork and lard
100% group for 6 weeks

There was shown normal spermatogenesis. H&E stain, X200
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Fig. 16. Liver of Cd 50ppm for 12 weeks and simultaneous feeding of pork and lard 0%
group for 6 weeks
The vacuoles were observed in the cytoplasm of the hepatocyte. EM, X5,000
Fig. 17. Liver of Cd 50ppm for 12 weeks and simultaneous feeding of pork and lard
100% group for 6 weeks
There were no significant lesions. EM, X4,000
Fig. 18. Kidney of Cd 50ppm for 12 weeks and simultaneous feeding of pork and lard
0% group for 6 weeks
There were shown the increase of lysosomes and loss of microvill. EM, X3,000
Fig. 19. Kidney of Cd 50ppm for 12 weeks and simultaneous feeding of pork and lard
100% group for 6 weeks
There were shown almost normal. EM, % 3,000
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o} AAU @ JUIgAxe uF 9@ FEAHQA NAAZTES WA, gF
(demyelinization) 2 217 XZ(gliosis)olAth. ¥ e} AuelA 28 ubdo]
ZE A (Fig 8). 244 MWL e H<stH 2™ Purkinje Al X9 ¥4
FF4 A A3 ns: € AU AE v Fo|Hh :
olgigt ¥ 500ppme F& FHE AR FHETAA AES JHF ASA #
FHAL g TRV HEFE WY e FF ZoE AdEHAT

B

o

Table 1. Gross findings of the rats administered with lead—containing diet

for 7 weeks
Group Pb‘conoentration(ppm) Total Heads Lesion (No. of Animal)

A 0 4 - NGL'

B 50 5 - NGL’

C’ 100 6 - NGL

c| m o | Lyaranes st s
D 250 5 Iéig:_l;\ﬂﬂzz:: (r;;epatic lobules(2)
: 50 S| Spaan-enargement)

* NGL = No Gross Lesion
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Table 2. Histopathological lesions of the rats administered with lead—containing
diet for 7 weeks

Group A|B|C|C|D]JE

. . . Pb 0 | 50 {100 100 {2501 500
Microscopic Lesion concentratlon(ppm) ‘
n
Grade' 4156|666
Liver
Regeneration of hepatocytes - 41010|0107]0
* 6j0|l0|]0O0|O]O
+ 0|5|6([(6]|5]|1
++ 00|00} 1|5
Focal cellular infiltration - 414,66 |4]|6
* 0Oj0]10(0|01}0
+ oOjt1t]j]o0j0]2]0
Intranuclear inclusion bodies - 41414133 1]2
+ 0/ 1121331} 4
Kidney
Degeneration of proximal
tubules 41010101040
* oOj1]0(0]l01}0O
+ 0j4 1312|110
++ 010|134 ]|5]6
Focal cellular infiltration - 4 5|16 |4|6] 4
+ 0;0(0/0/|0]0O0
+ 0Olo|10|2101|2
Intranuclear inclusion bodies - 4 11 1 1 010
+ O(414 (0010
++ 0101|566
Testis
Degeneration of spermatocytes | - - 4 1213151412
+ 011 110100
+ ot2t211{21 4
Decrease of cellularity - 412101117010
x 01211 1 110
+ Ol115]l4]5]|686
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Table 2. (continued)

Group AIB|C|C|D|E
Pb
Microscopic Lesion concentration(ppm) | @ | 90 | 1001100] 2501500
‘ n
Grade 456|666
Cerebrum
Edematous change - 41213141316
s 01170101110
+ ol2(1312121|0
Thickening of vascular endothelium - 4 |55 15(5|4
x 00|00 ]|0]|0
+ ool 1 11]1]|2
Degeneration of neurons - 4| 4 5 412 |2
=+ 011101011
+ 01011121314
Demyelinization - 41514131615
+ 0j0j0|0}j0]|O0
+ 01012 |13|0]|1
Gliosis - 414131321
=+ o{oft1j]0|1]0
+ 011213415
Cerebellum
Edematous change - 4 1213{413|6
x 0|l1]10]011]0
+ 01213121210
Thickening of vascular endothelium - 4151515514
=+ 0jo0{01010140
+ olo|tit1i112
Degeneration of purkinje celi - 4156|5133
=+ 01010111310
++ 0{0{0]0|01]3
Gliosis - 4151314121
+ 0|0|1]12]|415
++ 0012|0170

« — 1 No lesion, = : slight lesion,

+ : mild lesion,
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Fig. 1. Liver of control rat. H&E stain, X200

Fig. 2. Kidney of control rat. H&E stain, X200
Fig. 3. Testis of control rat. H&E stain, X200

Fig. 4. Cerebellum of control rat. H&E stain, X200
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Fig. 5. Liver of Pb 500ppm feeding rat for 7 weeks
The degeneration(arrow) was observed in the liver. H&E stain, X200
Fig. 6. Kidney of Pb 500ppm feeding rat for 7 weeks
There were shown large nucleus and intranuclear inclusion of lead(arrow). H&E

stain, X200 _
Fig. 7. Testis of Pb 500ppm feeding rat for 7 weeks
The decrease of spermatid was observed. H&E stain, X200
Fig. 8. Cerebellum of Pb 500ppm feeding rat for 7 weeks
There were shown the hemorrhage around the vessel(arrow). H&E stain, X 200
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%
= g gWozrs AN¥XAd Az FL FE(vacuoles)Eo] #"EAHE A,
ribosome?] 74, RER®| e/} E7&sA wgd=lE ¥R (Fig 7). =3¢
ol rato A AFY ZLHARFE AEHd T4 FE(vacuoles)E°] HEF
13, ‘mitochondria®l 7} #A4AH3, MES brush borderd] ©lAE
(microvill)E°] 24AHAT (Fig 9). ¥¥4, @ 500ppme 1253 TFsIE F
657 AAL7E T E AARE T SD ratE2 1HF9] % AEEAA TEE
o] REM¢] ®#3E #ZHX ¥%, ribosomed F7F tha ZAaE W3g <X
HAtk (Fig 8). T3 o]E ratd] AZANNE Aud AE 7A§E(micovill)7}
2 BFE Yo, mitochondriad] & BL AL #2d & A (Fig 10).
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Table 3. Gross findings of lead detoxification with pork

Group| Pb/Exposed |Subgroup|Lard(%) |{Total No. Gross findings (Animal No.)

A 0 6 |NGLY6)

A | Oppm/12wks
L 100 6  |Liver-Yellowish color(1)

Liver-Yellowish color(1)

7V 0 6
B 500ppr/Bwks b Kidney-White spot(1), Hardening(1)
Oppm/6wks . :
Al 100 4  |Liver-Yellowish color(1)

o} 0 5 Liver-Marked lobular patterns(2)
500ppm/ 12w v Kidney—At‘rophy(Z), White spot(2)

ks Liver-Yellowish color(2
oF | 100 | 4 |SverTeY 2
Kidney-Atrophy(1)

a : No Gross lesion
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Table 4. Histopathological lesions for lead detoxification with pork

Microscopic
lesion

Group

A

B

C

Pb(ppm)/
Exposed period

0/12

500/6

500/12

Subgroup
(porcine pork, %)

Ay
©

%)
(100)

- 06
7V
(0)

A}
(100)

=)
0)

of

(100)

- n
.. Grade

6

6

6

4

4

Liver

Degeneration of
hepatocytes

Focal cellular
infiltration

Fatty change

Intranuclear )
inclusion bodies

SO OO OO OO0,

O U0 O OO,

NE N OO O BN

S O O O

N OO =01 WWo

o on o SN

Kidney

Degeneration of
proximal tubules

Focal cellular
infiltration

Intranuclear
inclusion bodies

Fibrosis

Urinary cast

Basophilic
tubules

Cyst formation

SO OO OO OO OO OO OO

O DO OO OCOdM COM SO OO

OO NMNWH U OO0 HUIO M ki k=

Oh OO O OO OWH OFHW OMKW

W OWk W ORW OO ONN O W

* —; No lesion, + ; mild lesion, ++ ; moderate lesion,
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Table 4. (continued)

Group A B
Pb(ppm)/ 500/6
1
Exposed period 012 0/6 50012
Microscopic lesion Subgroup A} L} IV AV c} o}
(porcine pork, %) @ | (oo | @ |(o0)| (0 | (100)
" s 6 6 4 6 | 4
Grade’ :
Testis
Decrease of - 6 6 5 3 3 2
cellularity + 0 0 1 1 3 2
Cerebrum
Edematous - 6 6 3 1 2 2
change + 0 0 3 3 4 2
hemorrhage + 0 0 0 0 1 0
o - 5 4
Gliosis
+ 1
Cerebellum
Edematous - 6 6 3 1 2 4
change + 0 0 3 3 4 0
Focal - 6 6 6 4 5 4
hemorrhages + 0 0 0 0 1 0

« — ; No lesion, + ; mild lesion, ++ ; moderate lesion,
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Fig. 1. Liver of Pb 500ppm for 12 weeks and pork 0% feeding group for 6 weeks
There were shown the various vacuoles and degeneration of the hepatocytes.
H&E stain, X200

Fig. 2. Liver of Pb 500ppm for 12 weeks and pork 0% feeding group for 6 weeks
There was shown the cellular infiltration(arrow) around the portal vein. H&E vein,

X200
Fig. 3. Liver of Pb 500ppm for 12 weeks and pork 100% feeding group for 6 weeks

The structure was almost normal. H&E stain, X200
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Fig. 4.

Fig. 5.

Fig. 6.

Kidney of Pb 500ppm for 12 weeks and pork 0% feeding group for 6 weeks
There were shown the tubular degeneration and eosinophilic intranuclear
inclusions of lead(arrow). H&E stain, X200

Kidney of Pb 500ppm for 12 weeks and pork 0% feeding group for 6 weeks
There were shown the tubular dilation(d) and eosiniphilic cast(arrow) and fibrosis.

H&E stain, x200
Kidney of Pb 500ppm for 12 weeks and pork 100% feeding group for 6 weeks

There were shown the basophilic regeneration of the proximal tubules, and almost
tubules were normal. H&E stain, X200

—190 -



Fig. 7. Liver of Pb 500ppm for 12 weeks and pork 0% feeding group for 6 weeks
There were shown. the vacuoles(v), decrease of ribosome and morphological
changes of RER. EM, X4,000

Fig. 8. Liver of Pb 500ppm for 12 weeks and pork 100% feeding group for 6 weeks

~ The liver was almost normal. EM, X 5,000

Fig. 9. Kidney of Pb 500ppm for 12 weeks and pork 0% feeding group for 6 weeks
There were shown the absence of microvilli, decrease of vacuoles(v), and loss of
mitochondria. EM, X5,000

Fig. 10. Kidney of Pb 500ppm for 12 weeks and pork 100% feeding group for 6 weeks
The microvilliimv) were observed in the lumen of proximal tubule. EM, X4,000
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® 28 "{X|71& S0i7l Pb sl 50l vix= &

$< At 0, 500ppm o= HH“JOP‘# 72zt 637 AFFHAE F 6579 &

8 ot Zzult A 78S 100% WER Atgs HA 71§E WA
1 &5 V1S R }‘}'E—’a" 7tz AfFAsg. olw, 500ppme| &
BEAE 7|7 BQAE A& FAFE T& CTLR 33, AENE 67T A4
270¢] subgroupo2 o] A 7]%—a 0% % 100% T3 ALEE ARFH
a ANgEadd BAsd $AaAE AFIFAT

E 439 §¢ &7 Zos Table 59} Zow, 38 HgzE 779 A=x7t
Aoz BAFYE A A 299 TR BFaA FFAHE AT A
om, AL 9% WA WM Ao FvF HHe AFY F JUH ¥ @
g= 7ge FAz Aw3E A HA 71§ FARA F& TAA TTH

AT}

& Hx 712L NEA EAY 100% g ARE TEEY J35
2 SD rat®) BEZAH 27L& Table 67 2.
=ExAe WWe tFe] AXAA, F2AQL AFAXE JE, A
g 2oxs A TARD ¥4, F2HY IFAE A&, g 24Y %
Aa 2 Hes 29F 594 Axd, GE(CysBA Foled, ofddx
RAao AES A u¥e $3A4 W3, Fh ¥4, gliosis R &49 +F
A wslsl TA 2849 HWoAY (Fig 1, Fig 3).
ol WY Z b AW AFe 3J4 HAx#EL H
Fes Az FATAA 238 WHo| ol Yo AR FFHATH, oI
A 7129 o] 9 AAHA Age] Kol o3l AWzie] fEE AL
2 FR3HH, "1"*«] Aude ARL 394 Axdolr] WEd siA 718
7o R SHEY AASe] A Aol no} W AP

g wwe AYS YrA BIxASH 2ABL ¥EF 9% 239
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&4 guo A 8L NS AR FFA W o] BA Age
FHHA FIL S35 7182 FHE ARE Foi AV, o] Hl@ste],
We At He Aoz BuHAY (Fig?, Fig 4)

3. MX} gojdy &AH

AU EM =3 HH3E A epon o8 2L semithin section&
kel toluidine blue FAg AA F HAY BYE zu WA o 53 Az
"B (JEOL, Japan)& °]&sto] AAdu A2 Wsts aastgdo.

¥ 500ppme] #fE ALRE 1257 FFsE, AE AY 70 o= = A
7150l HEA ¥ Al8E FFDL SD ratEe 3 AEEe AxAde axn
2 FE] P43 ribosomes] 72, RERY &) W3t So wol e g2l
o (Fig 5). =% o|E ratd] AZeME Mune nHgr a4, AEAd
mitochondria®] #49} U mitochondira®l Z%o] 2=} (Fig 7). w4
SEANE7E F AA 71§l FeHol e AlzE TIwe SD rat£9] 3t
AEEME MEAY U mitochondriadl =& FX7 BRH= AAE A
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Table 5. Gross findings of lead detoxification with lard

Group|Pb / Exposed|Subgroup| Lard(%) [Total No. Gross findings (Animal No.)
7} 0 6 NGL?(6)

L} 100 6 (Liver-Yellowish color(1)
Liver-Yellowish color(1)

- A | Oppm/12wks

7V 0 6
B 500pprr/Ewks Kidney-White spot(1), Hardening(1)
Oppm/6wks - a i
L 100 6 NGL(6)
Liver-Marked lobular patterns(2)
(=3 0 6
C SOOpr:(m/ 12w Kidney-Atrophy(2), White spot(2)
S

2} 100 6 Liver-Yellowish color(1)

a : No Gross lesion
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Table 6. Histopathological lesions for lead detoxification with lard

. Group A B C
Pb{ppm)/ ‘ 500/6
: Exposed period |. 012 0/6 500/12
Microscopic lesion Subgroup 7t L} 7V ’ c} 2}
{pork, %) (0) (100) [(0)] (100) (0) (100)
n
Grade 6 6 6 6 6 6
Liver '
Degeneratioh of N 6 6 2 4 0 4
+ 0 0 4 2 3 2
hepatocytes
patocyt ++ 0 0 0 0 3 0
Focal cellular - 6 6 6 6 5 5
infiltration + 0 0 0 0 1 1
, ~ - 6 5 4 3 6 "5
Fatty change N 0 1 N 3 0 1
Intranuclear - 6 6 4 6 4 6
inclusion bodies +. 0 0 2 0 2 0
Kidney '
Degeneration of N 6 6 ! 4 0 3
proximal tubules * 0 0 4 2 1 3
, ++ 0 0 1 0 5 0
Focal celiutar N 6 6 4 6 2 3
infiltration * 0 0 1 0 4 3
+ 0 0 1 0 0 0
Intranuclear N 6 6 0 2 o 1
. . ) 0 0 5 4 1 5
nclusion bodies N _
neusio ++ 0 0 1 0 5 0
6 6 6 6 4 6
Fibrosis 0 0 0 0 0 0
++ 0 0 0 0 2 0
o 6 6 5 6 4 "6
Urinary cast 0 0 1 0 2 0
Basophilic 6 6 ! 3 3 3
' 0 0 3 3 2 3
tubules - 0 0 2 0 1 0
Cyst formation g g g g ;’ g
« — 3 No lesion, + ; mild lesion, ++ ; moderate lesion, +++ ; severe lesion
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Table 6. (continued)

Group A B C
Pb(ppm)/ 500/6
1
Exposed period 012 0/6 500712
Microscopic lesion Subgroup 7} L} IV L} c} 2}
(pork, %) (0) (100) (0) (100) (0) (100)
" 6 6 6 6 6 6
Grade’

Testis

Decrease of - 6 6 S 5 3 4
cellularity + 0 0 1 1 3 2
Cerebrum

Edematous - 6 6 3 3 2 3
change + 0 0 3 3 4 3
Focal - 6 6 6 6 5 6
hemorrhage + 0 0 0 0 1 0

. - 6 6 5
Gliosis
+ 0 1

Cerebellum

Edematous - 6 6 3 3 2 3
change + 0 0 3 3 4 3
Focal - 6 6 6 6 5 6
hemorrhages + 0 0 0 0 1 0
* = ; No lesion, + ; mild lesion, ++ ; moderate lesion, +++ ; severe lesion
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Fig. 1. Liver of Pb 500ppm for 12 weeks and lard 0% feeding group for 6 weeks
There were shown the amorphorous vacuoles in the hepatocytes and cellular
infilttration(arrow) around the portal triad. H&E stain, X200

Fig. 2. Liver of Pb 500ppm for 12 weeks and lard 100% feeding group for 6 weeks
There were shown normal appearance around the ceniral vein(C). H&E stain, X

200

Fig. 3. Kidney of Pb 500ppm for 12 weeks and lard 0% feeding group for 6 weeks
There were shown anormal dilation and eosinophilic cast(arrow) of proximal
tubules, and cellular infiltration and fibrosis of interstitium. H&E stain, X200

Fig. 4. Kidney of Pb 500ppm for 12 weeks and lard 100% feeding group for 6 weeks
The struciure was almost normal. H&E stain, X200
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Fig. 5.

Fig. 6.

Fig. 7.

Fig. 8:

Liver of Pb 500ppm for 12 weeks and lard 0% feeding group for 6 weeks

There were shown vacuoles(V), decrease of ribosomes, and morphologic changes
of RER. EM, X4,000 ,

Liver of Pb 500ppm for 12 weeks and lard 100% feeding group for 6 weeks

The liver was almost normal. EM, X 4,000

Kidney of Pb 500ppm for 12 weeks and lard 0% feeding group for 6 weeks

The convoluted tubules were shown the loss of microvilli, decrease of mitochondria
and cellular swelling in the cytoplasm. EM, X5,000

Kidney of Pb 500ppm for 12 weeks and lard 100% feeding group for 6 weeks

There were shown the microvilli{mv) in the lumen of tubule. EM, X4,000
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g R A BALE AR NES B8 FAE ol 9 uEy AAE
o $FF V15 T4 IV o O ANERY Pl o 2He &4 F
7 A& Aoz wadEAd (Fig 11, Fig 14).
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Table 7. Gross findings of lead detoxification with pork and lard

Group| Pb/Exposed |Subgroup|Lard(%){Total No. Gross findings (Animal No.)
o .| 0 -6 NGL?*@)
1
A O WS [ T 6 ILver~velowish color(1)
Liver-Yellowish color(1
500ppm/ewks|  ZF 0 6 ) ) 0 )
B Opom/Bwks Kidney-White spot(1), Hardening(1)
PP oF | 100 | 4 |Liver-Yellowish color(1) |
, » Liver-Marked lobular pattems(2)
500ppm/12w c} 0 6
Cc pis/ Kidney—-Atrophy(2), White spot(2)
‘ Hf 100 4  |Liver-Yellowish color(1)

a : No Gross les‘ion,
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Table 8. Microscopic findings for lead detoxification with pork and lard

Group A B C
Lead{ppm)/ 500/6
Microscopic Exposed period o/t 0/6 500/12
Iesionsp Subgroup o} L 7V o}’ c} Hf
(pork, %) (0) (100) (0) (100) (0) (100)
n
Grade’ 6 6 6 4 6 4
Liver
Degeneration of i 6 6 2 8 0 1
+ 0 0 4 1 3 3
hepatocytes i 0 0 0 0 3 o
Focal cellular - 6 6 6 4 5 4
infiltration + 0 0 0 0 1 0
- 6 5 4 3 6 3
‘ Fatty change + 0 1 o 1 0 1
Intranuclear 6 6 4 6 4 4
inclusion bodies 0 0 2 0 2 0
Kidney
Degeneration of - 6 6 ! 8 0 2
roximal tubules * 0 0 4 1 1 2
proxime? ++ 0 0] 1 0 5 0
Focal cellular N 6 6 4 3 2 3
rULal + 0 0 1 1 4 1
infiltration
et ++ 0 0 1 0 0 0
Intranuciear - 6 6 0 1 0 0
! ; , + 0 0 5 3 1 4
incl bodies
usion . 0 0 1 o 5 0
- 6 6 < 6 4 4 4
Fibrosis + 0 0 0 0 0 0.
++ 0 0 0 0 2 0
. 6 6 5 4 4 4
Urinary cast 0 0 ' 0 5 0
Basophilic 6 6 1 1 3 0
: 0 0 3 3 2 4
| A
tubules o 0 0 » 0 | 5
Cyst formation 8 8 8 g g g

« - ; No lesion, + ; mild lesion, ++ ; moderate lesion, +++ ; severe lesion
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Table 8. (continued)

Group A B C
Lead(ppm)/ 500/6
0/12 500/12
Exposed period / 0/6 /
Microscopic lesion Subgroup 7} L} 7V L} c} 2}
{pork, %) (0) (100) 0) (100) (0) (100)
n
. 6 6 6 6 6 6
Grade
Testis
Decrease of - 6 6 5 | 3 3 2
cellutarity + 0 0 1 1 3 2
Cerebrum
Edematous - 6 6 3 2 2 2
change + 0 0 3 2 4 2
Focal - 6 6 6 4 5 4
hemorrhage + 0 0 0 0 1 0
— - 5

Gliosis

+ 0 1
Cerebellum
Edematous - 6 6 3 2 2 2
change + 0 0 3 2 4 2
Focal - 6 6 6 4 5 4
hemarrhoges + 0 0 0 0] 1 0

* ~ 5 No lesion, + ; mild lesion, ++ ; moderate lesion, +++ ; severe lesion
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Fig. 9.

Fig. 10.

Fig. 1.

Liver of Pb 500ppm for 12 weeks and simultaneous feeding of pork and lard 0%
group for 6 weeks

There were shown the irregular vacuoles in the hepatocyte and cellular
degeneration. H&E stain, X200

Liver of Pb 500ppm for 12 weeks and simultaneous feeding of pork and lard 0%
group for 6 weeks

There were shown the cellular degeneration and cellular infiltration(arrow). H&E
stain, X200

Liver of Pb 500ppm for 12 weeks and simultaneous feeding of pork and lard
100% group for 6 weeks

The structure was almost normal. H&E stain, X200
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Fig. 12.

Fig. 13.

Fig. 14.

Kidney of Pb 500ppm for 12 weeks and simultaneous feeding of pork and lard
0% group for 6 weeks

There were shown the eosinophilic cast in the lumen of tubule and cellular
infiltration of interstitium(arrow). H&E stain, X200

Kidney of Pb 500ppm for 12 weeks and simultaneous feeding of pork and lard
0% group for 6 weeks

There were shown the epithelium degeneration of tubule and infranuclear
inclusion of lead(arrow). H&E stain, <200

Kidney of Pb 500ppm for 12 weeks and simultaneous feeding of pork and lard
100% group for 6 weeks

The structure was normally observed. H&E stain, X200
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Fig. 15.

Fig. 16.

Fig. 17.

Liver of Pb 500ppm for 12 weeks and simultaneous feeding of pork and lard 0%

group for 6 weeks
There were shown the various vacuoles(V) in the cytoplasm. EM, X4,000
Liver of Pb 500ppm for 12 weeks and simultaneous feeding of pork and lard

100% group for 6 weeks
The hepatocytes were almost normal. EM, X5,000
Kidney of Pb 500ppm for 12 weeks and simultaneous feeding of pork and lard

0% group for 6 weeks
The lead inclusion{IB) was observed in the nucleus. EM, X5,000
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Fig. 18. Kidney of Pb 500ppm for 12 weeks and simultaneous feeding of pork and lard
0% group for 6 weeks
There were shown the loss of microvilli in the epithelium, vacuoles(V) and loss
of microchondria in the cytoplasm. EM, X5,000

Fig. 19. Kidney of Pb 500ppm for 12 weeks and simulfaneous feeding of ‘pork and lard
100% group for 6 weeks

There were shown the microvilliimv} in the epithelial cell and almost normal
findings. EM, X5,000
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