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Abstract : This study was designed to examine the involvement of lead in function of target -
organ, and the protective effect of selenium in lead-treated guinea pigs for 8 weeks. The effects
of exposure to 0.5% lead acetate(lead) and/or 4ppm sodium selenite(selenium) in feed on
serveral aspects were evaluated by measuring thyroid stimulating hormone(TSH),
triiodothyronine(T;), thyroxine(T,), serum biochemical activities, organ weights, and serum and
organ lead concentrations in growing animals. The many indicators of endocrine function(TSH,
T;, and T, in serum), enzyme and biochemical activides(a-glutamyltranspeptidase, alkaline
phosphatase, lactate dehydrogenase, triglyceride, creatinine, Ca** in serum), and organ weights
(kidney, spleen and testis) were correlated with lead exposure or showed significanty different
mean values between the exposed and controls. These changes on some aspects were reversed
by combination-fed of selenium, but did not statistically significant. The organ(kidney, liver,
spleen, testis and brain) and serum lead concentrations of lead-fed group were clearly higher
than that of controls. Selenium supplementation resulted in a significant protection against lead
accumulation in liver and testis. These results suggest that lead can cause a toxic effect on several
organ and that selenium seems to has a protective effect on specific reaction by lead-induced

organic function toxicity.
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ZEd daiME 7194 4000328 Q5d7tA ¢
A 9ol F(Pbye tRAQ EXEAZ ¢BT FFH
o ARgIAbg ] W 3 o 29 dgEA 2 gl
A AAH 02 @7t ¥ ES Pbol AT Y87 2
B o Q1707 FEo| Pbol] 2 71371 FF3L &
& Aot HZ Bae] Etd vFoA 349
ojdo]7} Pbo] FEH 0 IQ, 7194, JFY 2 AN
9 78 59 F8 A4S Yo FFUGAY 349
wgA7lo] o]2ig FEFL vl AR AR PolES
AL A Poe AR & Fasjgd 9FE 7A F
oled) E3), 28A oA delta-aminolevulinic acid2} thAHE:
A3k heme §4E A, AAANAN HHA A,
AAANRE AP R FAS do7|n’ ago) B 24
e AP 7)%5¢ Adske Bdolgn V. ®
g HEAH o= F4 249 ¥A E addophilic 3 B
2 AN, AEAH 02K FH3H 54L& BE Umi-
tochondriaz} Pbell o) ¢ ®iztete) £3& o=, i
B4 T hypothalamus-pituitary axisel] 4 & AEZ T2
HEg gogef’, A 71FdE 9% vActy o
0, o1 g Pb 5 AA 99 B 8 oste] F
TS ¢ e dE 5o AAY, ATNIFH AZE
YZL Db F5L /HFAHY, o] FHFLR BT sclen-
iume] 748 YOG R dof Poo} FEAAS} F52
912 thesict,

89 selenium vitamine ES} 3 E2 Q) PAt3}A]
24 A8 o) B-d o7 A4 Axete A3 stE
gA e, B vjF 22H YA A 549 G5
FRNEeg 4AA b gk AAY seleniumo)
AR 719 & Z4A T AGA ] BEE 2
dto Ae dosled dEFog AP g o
zAEA o, Seleniume o) d AHE 2HYdE
3 EHEAY 3 EH AT | H 4LE g @
o 2% AR Y38 selenume F=F, £L,
thallium, Pb % sivers} 2-& $8& 54 28 E= 4
ol &7}t ot # ¥hH ¥ E Pb BE LFE selen-
jume 72, A @ ojdd e A G5 vF o B
7Y 298 £ A& wET”

F3 Pbol tig =23 BF ) seleniumd] FEE B

g BA7 en Phol] =FHW selenium AL} WEE
AN F2E BHd ggL ojAdn #9753 pe-
kin ducklingsel A} Pbol]l j3 244 7]50] A3t + 9l
£ seleniumo] #ojd a#E Yehidn o 1
U Pbol 9 5 i F ¢8A YA ¥ ¥
ool ZF 2 ASA B selenium®] EIE o}
HAHA EH3, 34 715 dHME Pb} selen-
um¢] 43 /A7 o} v Fate & AHdME 7YY
o Pb3} selenum& FoJ F F8 Ari9] 5%, F3
28, A8ty g4 aelu 343} 22 A0 G
£ 243y 2 29§ B us g

Mz 3 Uy

A Y 4SE0] WY - & A7 A LH AYFED
Jackson Lab.(]3)02 HE $gio} AFdista 59|
st APFE ARG A7 AT 200 el
#7138 (male hartley guinea pig) 45+% =7, 0.
5% lead#(Pb F997) %L 0.5% lead+4ppm selenium &3}
Z(Pb+Se EF FAT) ZF 3 (table L 31)0 2 B-F3}
o 242t} FE-g 2t F9 Al Hriete 8F 3 AR F
A AFES sHx, 48745 A4 3212
L% 23+3C, AUEFE 551 10%8 FAFTE 3.
Selenium(sodium selenite, Fluka)& #4570l =<1 400ppm
o] 9oe 781 lead(lead acetate, Yakuri Pure Chemicals
Co)e ZF5ol X 20% A4L sprayerE 083t
selenium& A8 Kg@ 4mg(4ppm selenium), lead acetates=
AR g 5g(0.5% lead acetate)o] HEE Ab o) H7}Heh
% Azs}ei(607T, 24hr) FsFT AW AR
(AFAL e RED AFEA HHNEE AT

AUy

AMEaH % 27| BUEH 87 AF S SR8
FHEHo2 A O, B AFAE Ao &
fedez Rg HPsgch A8F A, 3, AL W
A, 18 2 gAML AEde A AAS 02, FF
& 3435l

TSH(thyroid stimulating hormone)&t ZHad 228
(triiodothyronine, thyroxine) &% : 4L 4294
S22 g, BAE(1,500pm)ste] & Fo 65T
o] B3 F 48N 7k ojuo] TSH, T; ¥ T.& FAsH-
TSH, Ty(triiodothyronine) % T,(thyroxine)e Z+2t9] 3
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28 23 ki(Roche, Swiss)& AHE3d TAWAZHY
(enzyme immunoassay)ol 93t AgE A & F
Cobas Core(Roche, Swiss)2 o] &3} 2R84, 4z
o 4% 24& 93 3~100ple] BH o] AHEHA.

HHUIEA AL EHE 9L FA] auromatic analyzer
(Hitachi 7150)% ©]§3}9] aspartate aminotransferase(AST),
alanine aminotransferase(ALT), alkaline phosphatase(ALP),
Y-glutamyltranspeptidase(GGT),  cholesterol(Tch), triglyceride
(TG), glucose, creatinine, blood urea nitrogen(BUN), lactate
dehydrogenase(LDH), total protein(TP), albumin ¥ caldum
(C"y& ZAst9on 2] 35 242 98 3-10u9]
g o] AHEH

3 o 2 &I lead BB 25 1 2-3 g0 2 273}
3mle] AL 60~70T Y incubatoro] A 24-48 A|7HE<}
AZAZ OF, 400-450T] 32 oA 244 7HESH 3
FAZAS. g3 YRS g FHTE 1112 EF
3 dog 823 3 o531t} Atomic absorbance spect-
rophotometry(AA, Sun 1l Lab.)E ¢] £33} v]g] lead EF&
dog FEFNE AT O, 428 FAdA GEFE
A3 2+ A7) % gd T 93L& mlg Pby F
FE g BHE YBhAITH(Table 4). ZHEolA @i 42
%442 nonpaired Student's t-test2 F-2J A4S AABIA

o,

2 O

HE ¥ H7| F&o 0|xl= lead(Pb)Zt selenium
(Se)l B8 : & 4EE FH93/] Holl 27, Pb 549
T 9 Pb+Se FATY AF & 227t 199+6.3, 200+11.2
9 201+9.8geldtt. 4 &S 857 FAF AFL Z
7} 422.6+9.3,422.1+20.1 2 428+11.82 "5 A
Z7he 3o AT g 982 QAT £ Pb 349
AA A%, 2 2 AR FAFL g 2P HFHo gt
%I AF Kg7 o1& FHE I ko F94
AT FA] PbeSe FATANE A%, T 2 NG FH
o] thzol HlF 3t ¥ Agoloy Pb FoiFol
vl g AM & A}ol7} §lof o] & Fagel t Sed] WolaE
vehtA st WA n8e 2P Hjgle Pb F
AFNA FA UA BLR AF Kg¥ olE FFHE
ARTE a8y Poiol wlsjA] Pb+Se E FHT Y] FF
o op7k vrolAl AHgo|s B FYAHL AT B

A

=
K3
T

rlo HE

B FFl=Pb e Se O E B EF 392 43S 7|
2 A &9t (Table 1).

TSHet 24t 220l 0|x[= Pb2t Seo| ¥8 : U=
Zo 4 EAHY TSH 5+ 0.26+0.02mIU/1g 2 Pb
FAZAHE 0.63+0.078 27 A TEE F9
A UA B AE BYTh T3 PbeSe EF FATFoA
¥ 2.57+0278 gEFo|Y Pb o] viste] A5}
A #& A& JehlidS T; 2 T A d2FoA 4
0.73£0.01 2 40.15:+0.88ng/mio]g o1} Pb Fof o
AE 0.6020.02 © 34.16+1.07% thz 7ol 88 44
QA % A& BT 223 PhiSe EF FATAME
T, 2 T, A7} 242} 0.52+0.01 ¢ 28.75+ 05008 )z
ol B3] FASA LS B9 ol Pb FdFe 4]
AAE 159 F4 e $& A& YepYH(Table 2).

HEU dssa gMTo| olxls Pbet Seol HE :
Pb Fo ¢ AW AST, ALT % GGTE tjz79 H]3
a Z+z FoA A Wi, PheSe EF T A o)
E AAAE dz2Td B34 5oy Pb goj Tl vl
MeE oh 2 ZFoz F942 U Pb g7
ERU ALPE 2T Hlste G UAA stgkar Po+
Se £ FATdME tzTol vt A3 dgkonyt
Pb oo v&AM v & 3§ Byt 281 B
E F9A AU Tch, glucose, BUN, TP ¥ albumine3)
T Ato]& JERA gsttt. Pb Fa el Al @AY TGA|
T gz vla @& FAE HUR, PheSe EF Fo
T A TGA & UXT FE Pb FHT Hlgtd K& ¢

fe)

& FXE 2. Pb FAFoA A creatinineX] &
gz Wetd Rx2 F94 A & £XE Lin
Pb+Se &3 FAT A& creatininex]7} B& ¥ £
£ 24t Pb §9FelA LDHAE 27 vs) &
FAE HAD Pboll Se EF FATo| M Pbol H3)
o G& $£X& Byoy 47 f94e A agn
Pb FoEdd AW Ca FEE 2T Wy 1%
2 H94 A $& FAE BT Pbo) Se £ Fo=
o7t & X E BY oY Pb FodF ol vjgtd fo4de
AT} o] =24 Pb 9= g4 AST, ALT, ALP, GGT,
creatinine 2 Ca®* 57} 2o Wt $94 A
EAY 9 £XE Uehioy Se EHFAR 94 3l
Wl 532 JehA e¢tz, @A AST, ALT, LDH
g Ca™ FA o glolA Seo] & AmE ol gHAE
ERJ i tH(Table 3).

rie
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719 fA lead B2 : Pb FojT o U%, 2, ¥,
A& R U Pb @FE ST 2% 74 AV P #F
& 2T g Ha o 4djl A Hof o 10817
EhTh Pbo} Se& FAF TolA AF3 w4 Pb ¢
FE Pb FoTH HRGA2Y T3 FrgHE Pb F

A2 Hd F44 AA =% HAME F FFE
1] o] & 7| M E Sed] &3] Pbe) £ o] AAS AT
£ 23t HW Pb ¥& A Pb HA9 2 2T )
& A8 F71A o Seoll & Wol &7 YERIR
&9kTHTable 4).

Table 1. Assessment of final body and organ weights in lead and selenium-fed guinea pigs

Control(14) 0.5% Lead(15) 4ppx‘r’1-55"‘ac‘*;i“dm;(15)

Body wt,g 4226493 42214201 4289+11.8
Heart Wt,g 1.37+0.04 1.78+0.117 1.8240.10
Heart wt/body wi,g/Kg 3.2410.08 4224018 4234021
Liver wi,g 11.36+0.36 12.48+0.63 12.00+£041
Liver wt/body wt,g/Kg 26.99+0.91 29.83+0.81" 28.04+0.80
Kidney wt,g 34740.09 4274014 433+011
Kidney wt/body wt,g/kg 8.23+0.22 10.28+0.36"" 10.16+0.24
Spleen wt,g 0.67+0.33 20410217 1.85+0.23
Spleen wt/body wt,g/Kg 1.610.09 4654054 4.33+0.56
Thyroid wt,g 0.08+0.0 0.08+0.0 0.08+0.0
Thyroid wt/body wt,g/Kg 0.20+0.01 0.20+0.01 0.19+0.01
Testis wt,g 1494021 2.34+0.30" 1.83+0.26
Testis wt/body w,g/Kg 3.29+0.38 4904051 4204047
Values are expressed as mean + SEM.

Number of animals in parentheses.

Significantly different from control group; *“’p { 0.001, 'p { 0.005, p  0.05.

Table 2. Effects of lead and selenium on serum thyroid hormones and TSH in the guinea pigs

Control(14) 0.5% Lead(15) 4ppr?1'5;il§n?$(15)

TSH(mIU/) 0.26+0.02 0.63+£0.07""* 25740277 °
Triiodothyronine(ng,/ml) 0.73+0.01 0.60+0.02"" * 0524001 °
Thyroxine(ng,/ml) 40.15+0.88 34161107 * 28754050 °

Values are expressed as mean + SEM.
Number of animals in parentheses.
* Significantly different from control group; “'p { 0.001

® Significantly different from the group fed lead; “p € 0.001, 'p  0.05.
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Table 3. Effects of lead and selenium on scrum enzyme activities and specific biochemical function in lead and selenium-fed

guinea pigs
Control(14) 0.5% Lead(15) 0.5% Lead+4ppm Sclenium(15)
AST(U/)) 54.93+1.93 103.07+15.00" ° 85.53+11.64
ALT(U/1) 43.86+1.07 62.4046.16" 57.00+6.09
ALP(U/) 298.14%11.65 237.13+1564" * 222.67+20.68
GGT(U/)) 16.21+0.53 2020+1.02" 1947+0.67
Cholesterol(mg/dl) 4857+3.54 50.53+4.51 48.2042.19
Triglyceride(mg,/dl) 114.00+20.45 74.13+7.70 53.87+3.39"°
Glucose(mg/dl) 120.71+4.36 122474451 123.67+3.67
Creatinine(mg/di) 0.59+0.02 0.73+0.03""* 0.79+0.03
BUN(mg/dl) 23.0640.82 25.10+1.05 24.94+0.84
LDH(U/) 419.36+17.87 478.60+44.06 444.40+70.67
Total protein(g/dl) 4.65+0.06 4.77+0.08 477+0.03
Albumine(g/dl) 3.13+0.04 322+0.05 3.1740.03
Serum Ca**(mg/dl) 10.1240.17 8744016 * 9.18+0.15

Results are means + SEM for the number of animals in parentheses.
* Significantly different from control group; “p { 0.001, “'p ( 0.005, "p ( 0.01.

* Significantly different from the group fed lead; 'p { 0.005

Table 4. Assessment of lead concentration in organs and serum of lead and selenium-fed guinea pigs

Control Lead 0.5% Lead+4ppm Selenium(15)
Kidney (ng/g) 20.04 + 097 (7) 59.19 + 387 (7) 5896 + 4.29 (9)
Liver (pg/g) 17.11 + 246 (8) 11566 + 1344 (10)* 7645 + 4.23* (10)°
Spleen (pg/g) 21.16 + 1.80 (7) 6222 + 5247 (7)° 66.38 + 4.73 (9)
Testis (1g/g) 17.27 + 3.00 (8) 5417 + 952 (8)} 29.81 + 3.81* (8)°
Brain (yg/g) 414 + 078 (8) 46.87 + 548" (97 35.70 + 3.67 (9)
Serum (pg/ml) 360 + 071 (12) 4400 + 856" (12)° 40.69 + 496 (12)

Results are means + SEM for the number of animals in parentheses.
* Significantly different from control group; “'p ¢ 0.001, “p € 0.005

* Significantly different from the group fed lead; p € 0.05.

o &

HZ Groten & cadmium?] AU 23 £&= $E53
% Ca, P, Mg, Mn, Cu, Fe, Zn 2 Sed} & v g9
o F3BAE FEY AY SeE AYY FEY vF
FAEL CdY F4 T= F5Fd &l Fo] a2zt
182 2318 vhd, Whanger'®o| ¢J818 cadmium, mer-
cury, thallum ¥ siver?} & F3&0 ¢ F5F0)
Seol] &M A HEH Pb FEF A HFE Sed
t} vitamin E7} ©f A olgtn st} 284 See Pb
F53d gsA FojE3s} Yok Bae 39t 5
8] Sex 7+9] glutathione peroxidase(GSH-Px) A4 X &

A3t A4 fitstel 3 AXELE AA B HE
o alcohols} £-& A& Atz BFe A& 3+ EA&T
E AAYS. o3 A Se: o)A GSH-PxE #4384
71E HA Pbe oo tia] 9G] §li, Pbi= Zholu} Al
2o A non-protein sulthydryl(NPSH)E %7}A]7) 11 Sex=
NPSHol| gafo] glof Seoll &g Pb F5F o g ol
& 3= GSH-Pxt} NPSH thAlo] J3& v o2 FA5
Ae @ A 20 FAN. ool FEE 5
g3 Seo] wWolr|dL o}F # geiA A goi} oy
FE5o o AHY o REAA Y FEF $olF
37} 9l gol YFHNUT S A 93 FAukge] A
TE BE AT EE AL, 4 JAFY 2 B
A 27 502 BAY 4 9l0nF B AYHd4A 74 #9
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FA%, 2 4719 3% 2 2 %70 Pbe) gFe wm
BESG B 439 Ao A Jepd uksl o) 837+
0.5% PbE Foigt 71UF & tz 2ol vai 2% 2
°|Z Uehhz] go} 1057 PbE Fd§ AANA 34
#e] Zoi7} glthe 279 X5 21} pekin duck-
lings™, 82" T @l H AF& B= ZHFo] Pb 2
o2 2He AostE YA YT} G4 Phe
U& Se G A Fol AolS Holx B} Y B
M Sc 2F AkE S} Se FFFo| Pb FAZ AAo] o
A

3712 Pb FZ b, A, B 9 Aabae g
& YA PHsy WEe oS 522 Wkl
ol YTt FT. o] AYlME 2} 7| Be) Wel 2487
W3 3R 2 24 7)Y S P Py 3t
F¢ 243 Pbol B S Sed] RHE BIH 2
3 g3 29t PbE FAE M7 v Py Fgo)
Mgt ol BuAY B AYINE Fratg o
MAY i @ Pb 49 AEs e AAE B
A Zgch @A) v FAY Pbe) AL B Pb F
<2 AAE Pb 3742 BT uhehA Pbol 2" AL
Aol A4 o2 YL A FAYH L A 5
Qohe B B2 2AZ viPE o 2 AYAN ¢
of AN 1 $94 Ux ol FF3} Pb FF2s}
EFEEW} UGS GNBYT § & Qo) AA As-
senato 54 NWES URE A NRY AR 3
Fahe AlgolA A Pb $E7} 248 Rasld Pb
o g3 A 5AGI} ol ¢ Yee BT
EF B AYA Pbe} F2 FEo] U Se] EH}E B
A% A3 Poo A& F719 A9 Fo] Seo) EYF
A2 ot 7AW A2 Yehda Pb FFE Pb Fo
ol Hlal AA3) WolA Sed] Wo AW} YL e ¢ 4
YA F2E AL AAPA See WaE WP
selenoprotein® 7 546 YR HTHE Ro|Th. o
k3 734 o] 328 WEo] Yojg 4 Qe W o
Ueh @A Seq] $27h ZAFHAU? Seo) WA} WE
g & doe Folnt”. getA Pbo) PH o2 Hao)
LAY Se thAlsl BAFo} HHP o e v
& A7) WEe) AAA o] By Pbe} Sed] A3 BAE T
£ AT ojo} & Rolz 4.

AEZY % Zo|7t A F7)% $uUs} Ao
2R Pb F42 N9 FFL 2o BlEa AR

371 LT Se EFFAZ T A e wol g}
S 281 W75 ¥} LurE AEA Gl
A BUNE Zholx zfolg Holq gstoy ¥y
creatinined} LDH7} Pb 7oA A3 Z718¢8x
@A LDHT Se E}FFA 7t wopdl Azng
HEo A#A 202 Po A7) 5d A 4 nx=
Hhe Sed] WOl g BAE & AAT HE ZAx 2
Bl gt AHEoA & £ 8% albumini} creatin-
ine 59 AR E FA3te] 27153 Pb =79 BAL
234 AYFE) Pb FAT Ao FFo| 27189
the BEMPL Qo Ars S 28H 02 Yrla
T X3 olghde] 417159 AR HE A Adea
AAA 2 ANAQ A7)%¢ #AHF g au
B o) ATHne B A A%ZA Pb 3ol
71 TelE o Pbe AEHLS Yo7 4 Qu
Sed] WMol A= ) WA HE HESHojoF & Ao
t}

0.0

Pbof ¢ Aol dai= Hlmd F deiA QX
QAT A, Ax @ AN A 39 Zo)
Pb S NN 74U R, Sed] EFFAZNA Tha 7
48 Y-S Ul s B ofug 1% 9] g Ag
7} B AST9} ALT} Pboll 98] #A3) Zslalgn
GGT HA] F7ksto] Pbol| &)@ A &HE Yehyul
a2 FIHL gloy Sed EF FodFolA AST,
ALT ¥ GGTA|7} Pb FoZoll vlg] 7428 A8L B
Seo] Wl & 37} Q& FASFYT =g 71t A3)et
A AARAE 22 Ao)g YeA @tx v TG
9} Ca™%|7} Pbol| 98] x}o]& B Y7 o] AB7} Seol o
3 AAHA Sed] Wl a7} Qo) HFHRT) e}
Mahaffey 50 o]8}% PbE 8Ho] FA4% 23 thz 7
o Hl& B Ca* FEE Aol g, WA v g
albumin 2 A} Pb FE 9| 2o]& Y on Fert AY
Sd ol2j@ Pb FEEN} sty do] Pb FEA
Fed] $24& Az893, obgd] Pb 5 AEs} A4
Helo) o) agle)] el 24E F 9SS s
a3y o] AFEL Pb FEA] o[ ABEA A
¢ Sed] HAEAE A ANSAE E. meby 2
AP Pool 9 HEA AAE QW AHEA HAx g
A710 Pbe] FEE #EF A 240 Yok ya
ZATY 272 oy £ ¥4 2 v Pbe) g
54 AYE A3 AAN7) @43 858 4 gl
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o, o] 5% 2% WEY 24 Pb FFo] Seof oA o
Ago] yehtony 1 &3 /)4 e w e

Db AAY ARE A¥se YBHY F5EHE 2
A, A3A 2 R A e =AY} JEH}
BBz olg A7)d) $AHo] AT &4 o AY
ME9 Asgdnge] AeE doA 1 SHERE ¢
580, 53 P WEEA Ba, Bh, TN
hypothalamus-pituitary axis &3] 2 o] S oj&] 2AE =
FEES WEAD 4 4o Pbol] =29 Aoy 4
FE9A FSH, LH, TSH#} 417 A9&do] isdE &
2add 1 £8 EA4 EZFo] hypothalamus-pituitary axisZ
2A5HH?. 19693 Sandstead 5'°0] Pbol]l FEH A}
Gl A 7159 AES R o)y HFA 715
g Pbel EHEYE HuH F& A7 o3 A
AP0 2 b4 75 A8 E0] FYHOE Pbol
w29 ARA dojut Pbi o] 7|5 AAH 4EE v
A 4 YeS JFHATY, PbE FJF Ay FEAME
Ty ¥ T} W8Hn™ 1449 Feo] 371800
o @™ gy A7R DY) get AN F2E WE
o dis} Atd Asr} ok F, Pbel] FEE AEgME
T, @ T 27H%8 4 pekin ducklingso = 7+ 5%
' B Ao ME Phol 9 AN Z2EL ol
PbE A 152 dAskE S48 & ¢ Qo
F7140g 2 YoM ¥F ALP7} Pb FA92 wolRE
L 44 7159 A8E guign @ 4 ik olg o)
Pbol] 9J3led MM 7150] MEE & e 71HeE2E o
&3} 20} AA, P Al AP FENAM A g
" uptake & WEAF|AY P M3 F%E WEAT)
= A 245 gaiAY £, hypothalamus-pi-
tuitary axis 3} 2 <13 TSHY] #WEo oJstAU>® AA,
AR ZAA L HE og - 9L 5 F Uk
%, Pbol| 2l8)A 5'-deiodinased] Fa|2 AN TEE o
A HEPE F Qe o) 2840 AW T T
;29 Ago] AP T A7} 7k =d AA Pbal 9
HM T, £ free TA Y 3718 BT . g2}y o]
3 A o] 719 BE FeAE ABE o &
%72 5}9} pekin ducklings'*e] 4} Pbel] 9} T, ¥ T,7}
LR ZAAYLOE o] 7144 93 7H4A 71 Al
& 4= gith. A, A Pbol] 93 v|FYPLY HELE 7}
AA 7159 Miso|th. & Pb E2 HF Se 55U} BA
53 Sed] YJAl7t Aa)E ol 322 Ruld pgHo=

ul
=

4% oz ¥ oy B AYelME Dol o)
TSHE Z7}, Ts, T, € ALPHE ZAdIgone s
7% A 8= hypothalamus-pituitary axis 3} AFe}s 87|
Hrhe opnts I AHAA SHEAR F A
ZEES AN HeE ARAT E# SekE PbEE)
A gl E37t 442 BYA T B Ao M Sedt
Pbe] EFFAZE TSHAE S 2719 1xe #
94 e AN 3EE A7} YEREESE Pbo) Se
GALEEE QoA o] 7158 A7 Aneln B 4 ¢

02 2 48Ebl 5 Poe A, 2, 4% 2
S el A7) Agse} BHEE HUNY 5 9
,Set Pbo] B 528 % A 599 el Yol &
798¢ 4% A

3

&

=2

[~

e

71X lead(Pb)e] EA &3S} o] thE selenium
(Se)e] ol BT E Lot 7] ke HF 200g W o]
A 714" 4558 g2, 0.5% Pb FAF L 0.5% Pbe}
4ppm Se EF FAF BF 3702 BFElA 857 A
FES AR 410 F93IUH. 8FF AT, A7 T,
TSH, 4N 328(T,,T.), @554 BA K, Yyt 433
A A Q) y-glutamyltranspeptidase, alkaline phosphatase,
lactate dehydrogenase, triglyceride, creatinine, Ca™ 2 ¥4
3 3710 Pb T & A% &Y v} g 22
ZA3E AU

L A% R 2 Ar)9) Seddd 3ol Pb FoT %
Pbs} Se EFFAT L 8FF A2 TZH H|&E $4e A
F57He 1o, Pb A7 A%, T 2 AR FF
& gzFo) wste] 4t Eghou fo4dL g, Pb
¢ Se EFFATY A, 2H D AF FFL d2T9
Hlate] ozt 22 Ago] QAU oY, Pb FoT o s
aol7h gtk g Bhe FHF2 tzTo ulsto
Pb gzl A fo4 e F71E Bilh

2. TSHe} A4 328 H3E 333 v, g3
TSH 3t Pb g Zoll A 2Tl wdte 229 #9
A e F7H8 JEden, Pbe Sed] EFFAToAN
TSHA = g 273 A 35S vehit 1 52
2(Ts, Ty) W3] glojA Pb FAZLE 2T ¥]3hd]
FAA Qe AaE Bylon, Pbo Se EF 72 of
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Zz) vl& @A F%kE B ol Pb AT ¥
HHE 129 F94 e F& A& Y.

3.8 B4 ¢ AYEY =8 33 49 b
oM A AST, ALT, ALP, GGT, creatinine 2
Ca™ ¥ 57} dz 29 vlslo 494 A AY ¥k,
Pbs} Seo} ERFHAZ F94 AT JAEFE YehiA
= 99tou} AST, ALT, LDH 2 Ca™¢} $x|¢ tlajA:
Sed] EFFAR Aol ol £3E Vel

4. 83U 4 A7)0 Pb ¥ A 234, Pb 39
T2 27 vatd A 4udA 10713 A4 et
gt 53] Pb §F& 23 FAoM 94 QA =%
on, o]& ¥ A7} Sed] EFFAE Pby FHo] A
HALg 5y

ol Z4E FHE 9 /Yol pby FH= o
AZR7 ) S4B £H3E-E L3 on, Sed Pbe
Fojo| o8 Fesle 28 444719 B4 2 $H38
£ 9AEE ¢ & Ui
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