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Abstract: The protective effects of high levels of dietary iron,

copper, zinc or protein

on lead toxicity were studied in chicks. Growth retardation, reduction of feed intake, ane-

mia and accumulation of lead in the bone and kidney were observed in chicks fed a diet

containing 500mg lead as chloride per kg of feed for 42 days. Early changes due to ingested

lead were inhibition of red blood cell §-aminolevulinic acid dehydrase at all doses and no

effect of iron, copper, zinc or protein addition were observed. Tibia lead accumulation was

reduced in chicks receiving additional dietary iron or zinc compared to the lead only group

but increased in chicks given supplementary protein. Decreased body weight gain was over-

come by supplementary zinc or protein in chicks fed lead but not by supplementary iron.

Overall the results of this study show that lead poisoning can be partly reduced by provid-

ing supplementary iron, zinc or protein, but the interaction of these element remained to be

elucidated.
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AYTEL stolatqA S obe] (FRH3A) 3254
sh vl A A Sgobe) (135 30048 HAo
2 2042 A5 1A RANRNA B3 AYAE
WARA 2L, FAAR)E, AFFHs 75247
x| A -gahS-akg o

A7 8 A RASel] AEE Az FEL FAsdd
uh, A2 kg Fe 27mg, Cu 12mg,Zn 51mg, Pb 8mg
% Ni 8mge] §fslel =, ddFomE
19%, A4 3.16%, FAHF 3.71% = 813 6.97% <
},

22 ¥ Fddle & 19 otd 0.4mg, A 0.2mg, T
g 0.1mge]l FF=el gglovt 3 AEHA gakeh.

P57 AT Gt A9 A 2ARA 95T
¢ ARt Edaded o A8 AE
2k kgwd Fe 44mg, Z=9 33%, X4t 1.68%, =
AR 4.11% 2 3 6.40% %t

A AT Jitd = Az kewd PhCLEA  342.4,
684.8, 1027.2 2 1369.6mge) A A et =z, A, T
g 2@ ot A Eol At & AR kgwk FeSO, THO
2032.1mg, CuSO,; 517.9mg = ZnO 503.5mg$ 44
AAsE. 2, Fe, ok % sidel A T o
e Qg ool ur ¢5d Az kg PbCl, 684.4
mge] ArtA Age 4 BEBEL QAL T &
Z A7kt e,

AEa e sere T EHstges A9EFs
A ARAA Adstn TFXLE AT F 3R, A%

B

3 TS Eelstd BAAA —20°Cel mdsbget.
A% A4t 20 Des 483 @5E AT
989) 3t AAEF A (Perkin-Elmer, Model
2380)2 =4 A42%59 ¥, &, TG kA& SRR
o,

H A 4= cyanmethemoglobin®¥?z®o 2, AETF&4
] & microhematocrit¥iv o2, ¥4 alkaline phos-
phatase: p-nitrophenylphosphate2 -]&A &2 &3
ygvo g AdF9 j-aminolevulinic acid dehydrase:
(ALAD)%: Burchs} Siegel®d] wrlo 2 23314+,

E=| a

w8 FA STl FrH vl FAleksl Az A
o] &9+ &, 4@z #tet Pb 250mg F4 A
Z e 2~10% FAAY T Az S 2~19% T
£5¥9on, Pb 500mg FA T = 10~17% 74
HPa ARAFFL 18~19% Fasle d4F F53
A% et glet(Table 1).

A, 7, ot & 2NAY FHA HAGA Ang
F kel v]AE 3¢ Table 2] b uish 2w,
2, Fe 400mg& Pb 500mgst S-Aj¢] F35 44
TEo FT S FA%E AnAge 45
10% #FAAGE L FFoz Fod Aol uley
ZZ 7%, 2% FAEAA5. 292 Cu 200mgg Pb 500
mes}t A Fode FEE 5oz F4T A5
ke FZ4 17%, 13%g4asd n 3 J5es #
ot A Toll wlsted A7 13% a9,z

Table 1. Average body weight gain, feed intake and feed efficiency inf[ckicks fed different levels.

of lead
Diet Initial Final* Weight Feed Feed
mg/kg weight(g) weight(g) gain(g) intake(g) efficiency
Treatment 1
Pb 0 68 554 486 1386 2.85
250 68 546 478 1368 2.86
500 68 503 435 1128 2.59
750 67 461 394 1194 3.03
1000 67 441 374 1140 3.05
Treatment 2
Pb 0 62 590 528 1194 2.26
250 61 524 463 1015 2.19
500 61 497 436 985 2.26
750 61 411 350 865 2.47
1000 61 379 318 868 2.73

* Average weight of 7 weeks old chicks.
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Table 2. Effect of dietary supplements on average body weight gain, feed intake and feed efficiency
in chicks fed lead

Diet Pb 0 Pb 500mg/kg feed
(mg/kg) weight Feed Feed i Weight Feed Feed
gain(g) intake(g) efficiency gain(g) intake(g) efficiency
Treatment 1
Control 486 1386 2.85 435 1128 2.59
Fe 400 462 1242 2.69 402 1146 2.85
Cu 200 468 1278 2.73 366 1044 2.85
Zn 400 486 1332 2,74 462 1296 2.81
Protein 540 1560 2.89 444 1338 3.01
Treatment 2
Control 528 1194 2.26 436 985 2.26
Fe 400 465 1150 2.47 408 1002 2.47
Cu 200 462 1110 2.40 402 1023 2.55
Zn 400 462 1035 2.24 444 1180 2.67
Protein 492 1216 2.47 4358 1059 2.42
Zn 400mg Pb 500mgz F-Ale Feidhd ofdl-d v oR ramdm Aust AR AE Wi g9 on
Fom FAW A%l wste] FAFE 5% FadAR  2AU Az ojd Y SAFE e FelAE Zohe
AnAlFee 5% FAEAL FE BFeE F4¥ A ol WakelA dokl(Table 3).
ulste] 7t 4%, 16% Srhsdch, 2l o gk A Fe 400mgelvt Zn 400mg$ Pb 500mgst EAo) F
+ Pb 500mgsh SAol Feistd WAL AR F qaa Pb 500mgd wETO R Aee F 3o i

A Agel Wt A7 15%, 13%

o= Foid Aol wlate 247 1%, 12%
24 Zn 400mgel v} e Al 9]

L ESEa R

N
1o /Kf) =

1o
g 2

e} (Table 2).

Zasigiont ¢

Z7h3

#7454 & Pb 500mg
ZeAl =k ALEA] F1 w4 E shsbA) )

&g ekg 14mg/kgel x|k Pb 250

Fod Al 236mg/kgo 2 Frbslg ow] o] Fo

&3 Fobl ek AT ARAA DFFe]

7t gl et (Table 3). tgeliAe Fel &4 e

q4A 3 3

b et 24
A

¢

o] A = 7mg/kgel gl o} Pb 750mg §o A ol = 4mg/kg

¥ 482mg/kgell ¥l gk 77 23%, 16% astd o,
Cu 20Img2 Pb 500mgst FAj e o3t A9 3=
Ak wizhrt golon, daAS Pb 500mgat E A
o Fe% ZSdle AE, AR, AR FE Ak Pb
500mg-g wHEFA I A2k 47 26%, 25%, 100%
Z7+5 4 el (Tlabe 4).

jﬂ—}oﬂ et Algsh AEY Wege 2 0.7%, 0.

%l Fel T 58 Fole] i WEE 2asx

[<]
a%akgv} 9 2T ZhAe 2.2%e¢l:m Pb 1000mg 53
Aol 2.6%E FAFGR. 2T 4wk 7.8

Table 3. Some mineral contents of tibia, liver and kidny fromn the chicks fed different levels of lead
(wet basis, mg/kg)

Tibia Liver Kidney
Diet
Pb Fe Cu Zn Pb Fe Cu Zn Pb Fe Cu Zn

Pb 0 14 102 6 122 2 92 7 25 1 53 4 22
250 236 117 6 126 3 118 5 29 2 49 2 23

500 482 99 12 141 4 100 6 28 3 55 4 22

750 747 110 12 137 4 172 4 29 5 47 4 22

1000 1098 109 6 133 4 110 4 23 6 48 4 22




Table 4. Effect of dietary supplements on lead Table 6. Effect of dietary supplements on red

contents of tibia, liver and kidney from blood cell §-aminolevulinic acid dehydr-

the chicks fed lead (wet basis, mg/kg) ase (ALAD) and plasma alkaline phosp-

hatase (ALP) in chicks fed different

. Pb 0 Pb 500 levels of lead
Diet e 1 . e T .

Tibia Liver Kidney| Tibia Liver Kidney Diet (mg/ke) ALAD(unit*)  ALP(units/L)
Control 14 2 1 482 4 3 Pb 0 151 750
Fe 400 10 6 1 370 3 4 250 9 607
Cu 200 14 4 1 480 5 5 500 5 <00
Zn 400 13 2 1 404 3 5 750 g 260
Protein 10 0 1 606 5 6 1000 9 133
Fe 400 128 170
Cu 200 126 249
g/dlelgl ek Pb 1000mg FH Aol 6.4g/dl= 18% 70 400 9% 170
Z:}‘/‘E]‘}ir/]- _‘1?114- ’ﬂﬁi :I‘L "Q‘Z“ u]"ﬁ' i}'o] 7}' %i?\ir’]'- Protein 129 220
Fe 400mge}v} Zn 40)mg-& Pb 500mgs}t A6 ¥ 35 Fe 400 5 74
e )

w g o 1, 8.9g/dl =3
ded e A7 7.5g/d], 8.9g/dl= P S0mgE b0 00 a0 3 220
-740:1 'il' 7&_'._5]_\;]. 74—7L Qoo, 2996%7}-5}% < \4- Cu 200mg Zn 400 3 300
olv} whal 218 Pb 500mg> F-Ald] FoJ 3 Pb 500mg Protein 3 260
Rl s o—rﬁ‘;} 27 8%, 6% TAARC. 2

* Unit : 4A/ml RBC/hr.
AY 7 L-u = W3k @siek(Table 5).

5 27¢ ALAD% 15lunitelx &, Fel, otd & w

07 FodEs ALAD: A7 128, 126, 9, 120unit® o 750 ynies/Lel w]ste] Pb 1000mg T3 el % 133
94 de dF3E = 4 99lrvt. ==Y Pb 250mg units/Li 7{;-_,{:5}911 2, F8, ok W ochwiae B
& FAT A4 2unitz AAE AL PP 50 g Fpelk A2 Tl wstel A% w Pb 500me.
Omgst £ A, Fol, okl % DAL FAAAE 5 pajol Fei Aol Pb S00mg BHTAE A

z

Sunitz sq;q-a—] o #| 5] ] =} (Table 6). 2981 3}ol7) 9141wk (Table 6).
li} _[_‘_r oy}oﬂ W}—E]- T*%757' ALPE= fH Etncl| 73
i &
Table 5. Effect of dietary supplements on hemog- 2 AN dedd A% FEFT el vrbte

fed different levels of lead =

lobin and packed cell volume in chicks 273 4, 79, ot ;l N P
A3+ Pb 500mg Fod A] A sk 3F 149 A4 A

Diet (mg/kg) Hb(g/dl) | PCV (%) MCHC (%) B A 7] ek 18% A5t o Pb 750mg T A& F

Pb 0 7.8 29 | 7 26%, 21% 745k (Table). o 533 4%

250 7.5 28 27 AdE A2 kg Pb 1000mg F-56l A vepie A2

500 6.9 29 24 2 ywase 9lov® Stonest Soaras’® & Pb 1000mg:

750 6.5 26 24 £ AR AR} vhEhEA sk 23k

1000 6.4 28 23 o] s}7k-e. Stones} Soares™® o] My A4 v E

Fe 400 8.2 27 81 A3 At Aol GE AW FFS B2 F4 )

Cu 200 74 2 o olzk g7l gl Az ohE AHE AL A2 4
Zn 400 8.5 2 32 240,

Protein 8.4 27 31 25 MorgemS29.¢. Pb 500mg -3l A 5 447

Fe 4004 7.5 27 28 A7k Ak glon o Aste & AYAst

Fb 500+Cu 2001 6.7 & 2 o,-z;-q ek, FFHANE AR A o A

Zo 400 8.9 2 59 34 FEFAAE BN TATARBY srEs

Protein} 69 @ 42 AT EAA BT GEEAAE ATAA 44 B

—_— 27 —



JUAE BAE & dokzn fepe®, sl 4 T4y
W F2A, A%, 3HY ¢AR g0 Qoo
2. o] AYAN AR Fo FJ4Te] 25190 e} A
3 AR & SA%e AR g g

¢ A2 2.2%4) ulste Pb 1000mg <3e] 4
€ 2.6%=2 d9 FA4E Soh wel SsEgou
AE AR AFHES W5} g5lc(Table 3).

RN Tl FA=re o 279 Tmg/kge] W) s
Pb 1000mg 4%6] A& 4mg/kgo e 4 ¢ v} (Table
B HTRA AN A A5l wq S 2re] 2ol n Al
FAAE ok Aol Qe vyl g,
2B tee] otd Fod Al Zbabst Aol A Fa AR
® T AL F2AG AL FA 0] ot Aol 4]
W FSE dAdE A8 ddE xaw glgo,
B AYNA A2T] AES Bl A9 obed 2 2fe
43 122mg/kg, 25mg/kgsl wbe Pb 1000mg 4-Zqj
Ae 27 133mg/kg, 28mg/kgo 2 ZhEq ot Az
A E W3k 9 e (Table 3). 22k Zn 400mg st
Pb 500mg-g FAel F8t3-¢ « Ph 500mg& 50
2 HA% Afun A4 FEA%e 482me/kg
oA 404mg/kgo = 16% 745 g ek(Table 4).

AL B4 Y 48 JASLE o] glow
Pb 500mg¢ 502 T Hour) Fe 400mg¢- =
Aol FAghn AR A FEAe 482mg/ kel A
370mg/kgo. = 23% ztax ® A4 A}E FuwH
TH(Table 4). Fol\} ekio] Aol A e F2E o
Agte 242 Barltropst Khoodel] ¢ 3}hed FA =Y
on] o FLE By o) ﬂhﬂ% Akalgo) 9 g

HALR vl Fe] 2m® xajold o i Falatgel
A2 Azds,
AR G4z AFANAY e Sk Pb 500mg

FFo 482me/kge A 606mg/kgo m 269 = 7H&t A
Azl lAgos AfRes sty Zﬂ“ﬂf
B33%, AT 1.68%clglenz ArZe wuay
Sk 2GS AacE 2 444 Aos Az,
Barltrops} Khoovel]l &lete x)ute] dhefe 3o o
ol Fgd FA gErn stgdod 9uAy s ma
&% FdA Fo 357 FAY AR 6o ne} )
258 A FAS ATAAY FEH Zoleh m
AT de] e Ao Az,

B AJA A FEY Fhek FA H el 49 ‘d’r&]
ol Aol ARVt A ARAAY FEA ke
G239 4mg/kg 2 3mg/kgel 4 Pb 500mgst Cu 500
mgg FAld Fes 34 sme/kgez Fris g
¢Table 4). o)== Cerklewskis} Richard'»¢] w o}

QA ek, F 5S4 g™ PCVATE 944
F& FA5kd ¢ 4 globa s}g 2, Pearl 5 20
2 PCVY Z71% 23:3lg s Carson £7.8 A Ak
3+ PCVY] diA% 248 2ashdrr. 2 A4 :
A reke H2FY 7.8g/dll A Pb 1000mg =36 -
Ax 6.4g/dl2 Fasig o PCVE wigs) gyl

Fe 400mgo]|1} Zn 400mg-& Pb 500mgst EAld] ¥
8l €A 4ske A7 7.5g/d1 W 8.9g/dlz Pb 500mg
4+ G A9k 47 9% w 21% Zvhslx Cu 200
mgo v} w22 Pb 500mgst FAle] Fodw A7
3% W 6% Fa=glov PCVE walst g4 (Table
5). @A 49 A¢Ad 24 ALADE Q454¢
Bzl Y ¢3RS ADet: Aza ¢#RA g
16,17,21,,2_ Stones}t Soares¥® = Pb 500mg3-o] A &
9 Azl glovk ALADE: €43 A4gctan nas)
fdom £ AYPAAE Pb 250mgFed A 2Ty =
& B 6% Fasg2ov ALADY: 15lunite] A Zunit
2 ZaAde. A, T, okd W Ay Fd:
ALADH] #4145t W8 52 2 Pb 500mgsh 54 el
FelA Bunitz Fe) 544 435147 %] ZshgieH(Table
6). vieke] olq-& FAshy FE 55 ALADS o
A7b $EA on GFE ARSI G FALrFe] Fst
HAY AW 2 5pe] ZoE dele old e GEE F

el ALAD? 9#4% ¢34 77 Eile Aoz Anm
=

AP 2 A go] Eu =& ALPE 8, 4335 1
ukell isoenzymeo] $lonil® o} Al = ALPE 3¢

2" than e, # ¢ Pb 500mge ¥ 8-S 4 ALP
o W3l didvte nax goy , B AL
Yolge] Pb 500mg-¢ FoJsld ALP: ol 239 750
units/Lell 4 300 units/L2 7145 Awkxl 2 3% et
Wglt}(Table 6). F%F 54 ALP7} A o] °% il
Al ot 9] EB4E WA ok H el &8 A
E ATE AAE 5 A AAY AS kY ANE
el zhadm WAz Fr8E A48 A& & Qe
v} Table 3¢ elshe] o o] S47 ol o
FE AR ek, 2oy vbo] ofed g Abe] =gt
A4 A3 27 °‘=°1 o2 AAZ dWde] Fa
Sz Aage] gd¢ Ao 234,
4 =

g dw =% 4347 Sxoes A, T, o
@Ay Fo 5358 zAshd ohed pe AR

CLodEEFAL FAN 422739 Fae Pb
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500mgH- A 7+ 14%, 18% Z A= 9 2 Pb 750mgF-+
A F7F 26%, 21% FA&H o, Pb 500mgs -4l
Zn 400mg& Tl st Pb 500mgg 25T st 79
wstd 7z 4%, 16% FHEAT AL oA
Pb 500mg$ 5T & 2ol ulste] 47 1%, 12%%
7t 45, ¥} Fe 400mg-g 48t T7 7%, 2%
7t 43k Cu 200mge Foistd &4 13% Z4die
o2 okt spfA e tekFd e Pb 500mgd] $5%5
Ag A0 Adadet.

2. 39 FAFFE B wet AE, TF E A
A A3} old 9] &4 A3t gglen TE & A
Aul 9 2F9] Tmg/kgel| 4 Pb 1000mg 4F A & 4mg
/kge 2 Fasgion] Y& AL, A%, 1FY £
o2 @l ZA8¢ . AT AFY $54 L ldmg
Jkg, Pb 250mg 4FdlA 236mgrkge 2 FohE o
WE545FL Pb 250mgo 2 & 4 gt

3. Fe 400mgel vt Zn 400mg< Pb 500mgst A4l
Fdebd AT F54 L Pb 500mg FHF F$-2ch
A7+ 23%, 16% 7459 o}, Cu200mge} vt g A S
Pb 500mgst EAd] F3d Pb500mg 4% A2
o Cu 200mg¢ A5k A3t Qia T ¢ Fol
e 26%F 4o ne Ast oty wekgd e Pb
500mgs] FHFAE eSAAST Ands.

4. 3y F5Z44 4¥& Pb 1000mg £Fd4
279 ¥4 4k 7.8g/d1n v B 6.4g/dl2 B4 5 G
2w Fe 400mge]} Zn 400mg-& Pb 500mgst E-A]el
F3 Pb 500mgg H5Fe] & Aol wldh] T

9%, 21% F7+A9.2v Cu 200mge v} A& F4
el A7 e A&7t FF 3%, 6% A A
v PCVE W) giglene At ofqd s B
4 %& Pb 500mgd] F534¢ stk Azdst

5. %9 Fd£E Frbll vtel ALADE Ao A
T2, otd A A Atz gssA ke Pb
250mg $%o14 ALADE @As A9, ALPE

279 750 units/Lell wste] Pb 500mg F¢ Al 1‘—:-‘

300 units/L2 JA=glon] A, T, otd W A
4 stz 93 A At

MR 2 AL S d 292 BT T
9 FA A3, A4, olddy pAds FEALE

¢ 293¢ oldS ok TEAS 24AAAS, 7

% S99 mxe] A= e
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