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Abstract : This experiment was carried out to clarify the effect of lead poisoning on the
lead and essental trace elements homeostasis of tissues in rats. Fifty female Wistar rats, 7
weeks old, were divided into four experimental groups(B, C, D, and E) and a control(A).
The four experimental groups received diets contaminated artificially with 10 (B group), 100
(C group), 1,000 (D group) and 5,000 (E group) pg/g of lead as lead acetate, respectively.
The control group received normal diet. Rats were necropsied on the 4th or 8th week of
experimental periods and heart, liver, spleen, kidney, muscle, lung and hair were taken. The
tissues were analysed for lead, copper, zinc, iron and calcium content by atomic absorption
spectrophotometry. From these experiments following results were obrained ;

In C group, lead content of the heart, liver, kidney and hair were significantly increased
both on the 4th and 8th week of experiment.

In D and E group, lead content of all tissues including heart, liver, spleen, kidney, muscle,
hair and lung were significantly increased in accordance with the lead contamination both
on the 4th and 8th week of experiment.

In C group, copper content of tissues were significantly increased in the heart, liver,
kidney and lung on the 4th week and all tissues on the 8th week of experimental periods.
In D and E group, copper content of the liver were significantly increased both on the 4th
and 8th week of experiment. But the copper content of tissues were gradually decreased
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compared with C group in accordance with the lead contamination. Especially the content

in spleen, heart or kidney were significantly decreased compared with the control group.

The zinc content of kidney, heart, or spleen were decreased in D and E groups whereas

the iron and calcium content showed no significant change.

Key words : rat, lead poisoning, copper, zinc, iron.
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Table 1. Conditions of atomic absorption spectrophotometry

Elements 1oq &S Slt(mm) HCL(mA) Fame
length(nm)

type
Pb 283.3 04 2 Air/C,H,
Zn 2139 0.4 2 Ai/CH,
Cu 3247 0.4 2 Ai/GH,
Fe 248.3 0.2 2 Air/CH,
Ca 4227 0.4 2 Air/CH,
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Table 2. Effects of dietary lead on lead concentrations{pg,/g, wet weight basis) in the heart, liver, spleen, kidney, muscle, hair and
lung on the 4th week of the experiment in rats

Group n=5 Heart Liver Spleen Kidney Muscle Hair Lung
A Mean 7.10 2.83 11.58 6.58 1.63 717 400
+SD +2.37 +0.21 +416 +2.04 +0.35 +1.07 +1.20
B Mean 11.98 3.77 13.35 7.00 197 10.40 495
+SD +7.50 +4.55 +3.33 +3.25 +0.53 +4.60 +2.39
c Mean 13.62° 5.85° 1393 15.34° 2.09 15.26* 6.35
+SD +396 +1.44 +571 +7.54 +0.62 +6.62 +295
D Mean 19.51° 8.04° 22.08° 3290° 3.65° 20.06° 8.39°
+SD +292 +341 +6.03 +342 +047 +2.67 +2.06
5 Mean 3791° 11.63° 42.89° 36.89° 5.98° 4626 243485
+SD +17.45 +271 +13.29 +10.57 +097 +8.10 +4.87

Remarks a : Significant (p { 0.05) difference
b : Highly significant (p{ 0.01) difference

Table 3. Effects of dietary lead on lead concentrations(pg/g, wet weight basis) in the heart, liver, spleen, kidney, muscle, hair and
lung on the 8th week of the experiment in rats

Group n=5 Heart Liver Spleen Kidney Muscle Hair Lung
A Mean 8.61 354 1212 923 147 921 6.37
+SD +1.88 +0.62 +5.11 +4.43 +0.38 +2.37 +2.66

B Mean 15.71 4.05 21.46 12.77 2.82 19.71 8.05
+SD +7.87 +148 +1022 +5.32 +1.32 +12.08 +2.05

c Mean 21.13° 5.39° 22.08 35.78° 2.67 26.77" 9.45

g +SD +3.71 +0.69 +8.98 +15.83 +1.17 +13.83 +344

D Mean 61.87° 9.64° 58.13 42.16° 7.79° 61.04° 26.56°
+8D +13.31 +1.71 +13.51 +3.07 +1.15 +14.11 +293

" Mean 77.88° 12.43° 81.64° 52.73° 9.88° 941¢6° 28.89°

+SD +36.58 +249 +35.98 +8.97 +0.65 144.51 +12.84

Remarks a : Significant (p  0.05) difference
b : Highly significant (p{ 0.01) difference

Table 4. Effects of dietary lead on copper concentrations(pg/g, wet weight basis) in the heart, liver, spleen, kidney, muscle, hair
and lung on the 4th week of the experiment in rats

Group n=5 Heart Liver Spleen Kidney Muscle Hair Lung
A Mean 6.74 3.85 6.00 10.32 1.66 8.33 319
+SD +145 +0.36 +0.97 +1.12 +0.35 +5.90 +0.82

B Mean 6.72 424 5.05 897 1.35 542 321
+8D +122 +0.90 +0.45 +2.04 +0.31 +1.27 +0.76

C Mean 874" 598" 597 13.08° 1.79 9.21 4.62°
+SD +0.72 +1.28 +1.43 +1.40 +0.36 +349 +0.85

D Mean 5.85 575° 3.03° 14.03 129 5.02 279
+SD +1.13 +0.81 +1.20 +4.19 +0.26 +2.40 +0.75

E Mean 5.74 5.49° 2.89° 8.78 147 455 328
+S8D +1.09 +0.32 +0.71 +2.28 +0.26 +2.05 +095

Remarks a : Significant (p{ 0.05) difference
b : Highly significant (p ( 0.01) difference
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Table 5. Effects of dictary lead on copper concentrations(pg/g, wet weight basis) in the heart, liver, spleen, kidney, muscle, hair
and lung on the 8th week of the experiment in rats

Group n=5 Heart Liver Spleen Kidney Muscle Hair Lun,
g
A Mean 580 4.34 481 9.20 112 5.61 2.29
+SD +1.35 +0.65 +1.19 +1.07 +0.41 +1.31 +0.36
B Mean 556 3.82 515 9.24 1.00 5.27 253
+SD +0.31 +0.51 +0.34 +1.84 +0.20 +0.51 $027
c Mean 11.3¢° 6.43° 971° 16.28° 1.69° 13.65° 420°
) +SD +1.47 +0.78 +1.38 +2.83 +0.29 +3.33 +0.71
D Mean 5.56 562° 214° 11.66 1.19 6.68 2.08
) +SD +1.61 +0.29 +0.63 +2.32 +0.23 +2.82 +051
" Mean 331° 541° 117° 6.38° 0.79 4.04 201
+SD +0.57 +0.59 +0.86 +0.76 1012 +1.71 +076

Remarks a : Significant (p{ 005) difference
b : Highly significant (p< 0.01) difference

Table 6. Effects of dietary lead on zinc concentrations(ng/g, wet weight basis) in the heart, liver, spleen, kidney, muscle, hair and
lung on the 4th week of the experiment in rats

Group n=5 Heart Liver Spleen Kidney Muscle Hair Lun,
&

A Mean 7.15 26.84 8.26 19.73 10.98 49.66 8.66
+SD +0.83 +3.82 +0.52 +2.00 +170  +49.45 +152

B Mean 6.88 24.58 9.02 17.99 1193 41.73 8.47
+SD +0.78 +2.45 +1.15 +2.61 +0.62 +36.00 +2.57

C Mean 6.46 24.44 793 18.24 10.64 46.34 7.96
+SD +0.46 +2.38 +1.29 +1.11 +1.19 +30.04 +1.13

D Mean 6.31 24.68 7.63 16.57* 11.57 68.42 7.74
+SD +0.40 +2.29 +0.77 +1.98 +0.93 +49.42 +0.66

E Mean 5.94° 28.80 7.04 13.30° 9.96 56.41 747
+SD +0.59 +1.67 +1.19 +2.27 +1.14 +32.79 +107

Remarks a : Significant (p € 0.05) difference
b : Highly significant (p< 0.01) difference

Table 7. Effects of dietary lead on zinc concentrations(pg/g, et weight basis) in the heart, liver, spleen, kidney, muscle, hair and
lung on the 8th week of the experiment in rats

Group n=5 Heart Liver Spleen Kidney Muscle Hair Lung

A Mean 6.20 25.67 771 19.56 10.81 66.70 751
+SD +0.33 +3.69 +0.54 +2.20 +0.63 +29.30 +0.94

B Mean 6.59 24.80 843 20.51 10.82 61.38 8.49
+SD +0.33 +2.06 +0.52 +1.69 +0.55 +49.63 +1.10

c Mean 5.82 25.61 7.12 18.83 10.40 111.30 7.66
+SD +0.37 +2.82 +1.00 +171 +1.15 +29.77 +1.18

N Mean 6.06 25.54 6.90 1593 1046 98.63 7.14
+SD +0.78 +2.44 +0.70 +1.43 +1.03 +63.79 +0.64

E Mean 495° 25.24 643° 13.01° 10.12 71.63 6.99
+SD +0.49 +1.17 +0.52 +1.00 +0.50 +42.68 +0.52

Remarks 4 : Significant (p ¢ 005) difference
b : Highly significant (p { 0.01) difference
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Table 8. Effects of dietary lead on iron concentrations(ig,/g, wet weight basis) in the heart, liver, spleen, kidney, muscle, hair and
lung on the 4th week of the experiment in rats

Group n=5 Heart Liver Spleen Kidney Muscle Hair Lung
A Mean 123.63 201.16 934.77 154.88 3046 91.99 108.16
+SD +27.12 +35.36  +14244 +20.78 +523 +20.51 +8.99
B Mean 146.91 166.00 916.94 18296 2831 94.39 128.30
+SD +19.17 +894 +77.91 +19.30 +3.69 +9.21 +21.35
C Mean 103.42 162.11 863.13 14593 23.07 69.92 108.92
+SD +13.43 +3340  +£125.51 +17.37 +4.26 +20.53 +8.88
D Mean 108.63 167.51 852.05 130.15 23.03 62.25 117.97
+SD +16.92 +2230 +112.04 +2191 +10.91 +21.39 +14.62
E Mean 136.11 195.89 1109.64 147.24 34.89 88.26 149.43
+SD +17.09 +35.17  +166.35 +23.87 +15.37 +9.34 +54.76

Remarks a : Significant (p< 005) difference
b : Highly significant (p  0.01) difference

Table 9. Effects of dietary lead on iron concentrations(pg/g, wet weight basis) in the heart, liver, spleen, kidney, muscle, hair and
lung on the 8th week of the experiment in rats

Group n=5 Heart Liver Spleen Kidney Muscle Hair Lung

A Mean 194.61 20145 1178.05 202.47 36.00 73.68 163.41
+SD +18.86 +16.07 11844 +34.90 +7.84 +15.47 +43.19

B Mean 191.80 185.69 1150.83 192.86 4371 69.49 183.65
+8D +74.63 +17.87  £103.71 +50.06 +35.92 +48.56 +65.17

C Mean 171.32 180.94 1242.60 235.08 39.57 91.13 180.86
+SD 1+37.65 +27.72 +99.83 +70.56 +13.07 +32.59 +89.02

D Mean 151.52 185.46 1120.07 192.10 42.56 70.40 165.67
+SD +8.15 +22.03  +26494 +40.00 +11.39 +28.43 +21.63

E Mean 167.02 190.46 1248.45 178.84 45.72 111.05 183.58
’ +SD +34.50 +23.29 +89.03 +30.77 +16.25 149.69 +34.32

Remarks a : Significant (p ( 0.05) difference
b : Highly significant (p  001) difference

Table 10, Effects of dietary lead on calcium concentrations(pg/g, wet weight basis) in the heart, liver, spleen, kidney, muscle,
hair and tung on the 4th weck of the experiment in rats

Group n=5 Heart Liver Spleen Kidney Muscle Hair Lung
A Mean 34.53 27.81 34.55 39.35 41.03 421.78 135.54
+SD +28.11 +9.55 +17.45 +30.51 +19.99 +158.64 +22.08
B Mean 3741 27.88 23.75 37.84 39.46 563.90 121.25
+SD +17.24 +2.54 +16.51 +18.51 +19.13  £165.87 +43.99
C Mean 1193 15.88 15.99 27.32 31.04 465.21 103.17
+SD +381 +6.41 +10.70 +593 +483  £169.79 +49.22
D Mean 26.65 16.13 2091 28.57 2140 282.22 95.12
+SD +13.11 +7.68 +10.16 +9.95 +2.61 18441 +49.75
E Mean 51.08 22.68 31.33 40.75 34.08 325.52 108.47
+SD +16.20 +2.74 +16.94 +11.00 +4.20 +78.49 +2191

Remarks a : Significant (p ( 0.05) difference
b : Highly significant (p < 0.01) difference
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Table 11. Effects of dietary lead on calcium concentrations{pg/g, wet weight basis) in the heart, liver, spleen, kidney, muscle,
hair and lung on the 8th week of the experiment in rats

Group n=5 Heart Liver Spleen Kidney Muscle Hair Lung
A Mean 20.96 19.27 15.67 30.99 26.56 367.84 136.32
8D +2422 +4.58 +9.59 +13.37 +1.86 +33.25 +27.39
B Mean 27.11 30.32 17.42 43.64 44.35 644.69 211.88
+SD +22.55 +23.34 +4.18 +41.81 +21.14  +33751 +78.67
C Mean 2743 19.07 2323 37.02 32.15 510.10 165.45
+SD +17.72 +5.87 +8.86 +17.54 +838  £205.32 +41.05
D Mean 11.79 14.73 1043 25.30 23.38 372.86 104.52
+SD 1852 +8.16 +4.70 +13.27 +676 114595 +32.32
E Mean 37.40 13.64 20.67 3340 26.76 385.82 143.57
+SD +19.95 +2.98 +14.79 +15.72 +4.92 +33.48 +30.13

Remarks a : Significant (p { 0.05) difference
b : Highly significant (p ( 001) difference

a

Stubbs*'¢} de Treville’e] oj3}d | 7EHIY Ego:
Aol wet 2ol oy B 16ppm9 go] T 5ol
Jor, olH @ E Kol i F& HoAleg &
# A8 e 329 2AYR 54 Pk FY £ A
ol o8 Agal F29 Auld ¥ ¢ g4 §
# 2} Fr|zH o gutslo] YR P A8td} ¥k
AE B8 M= Y YA s 2h A, 25, W S A
FHol F4& doyA dot. wo] Aol FHE 4
2AA T we} 2ol Jou AF F4E NAxF
AGAHQ £4E Yo AY F5¢ 248 & Yo
Aol @A Y. AANEY HGo 2 uFEY g
F et B UB2E AAE AvdE 45

f T HO06™
9od + 94

h=%

5

a

N mlo

B, @7 098 ol AR EE
4% 52 B At 589 Aol Soi2 Aools
saoleh BHPE Aol FHol B B WYY
o 3528 9o 4+ sioke Aol WeA T AT
2 A $49Y AR 7 ol @ ol
A%} Avhol o= Fgol BAAE o}y HA3) w1
AA ghe Aol §& ARolth mad YFEA 2 3]
23 g8 Brchld, BE £7189 uAE 9%
29 e Ae W% A ¢ Azd 88 7
S 7127 ARE ANV HIH FoT EAE ¥
% i

e AU 943 471243 F2 A9, 0 2 W) 3%

[o

>

o
=
o
=
F

(%

o200 g N, N, 9, 2%, 9%, IR S
£ SHE0D gyA oS 2 ggdae
ratg Ao 2 ALY e Ageke] 10, 100, 1000,
5000pg/g0] =7 A7t S48 ¥ 49 4F £ 85
LAz A%, 24 e, A%, 24, SR, ¥ 59 ¢
Fe SA%q & A 10pg/gH7IT A4 € 4579 85H
5 g2 H§ 73S dehded fo4e
A=A Gtk 28 100pg/gold A7 TAlA =
475 4 8FHY I Az dM BF FAF FHE
el o3 dge dAZ AAES Ao} A
grgich. =4 1000pg/g7 3 5000pg,/g A 7bro| A= 43
A 2 8FA ZFA IR o] fo4 A F
7He Ao Hol Y59 AAAG 83 7Ex7F 3l
thn 4zt

ol AzA9 Br|FHF uAe G #BEA
Klauder et a™ 3} Singh et a7 ¢& 9] A} =& F
FE gt ) Fele e FAANNR FdHe
o], Rubino et al*& G5 % &249] o)y 28z 4 3}
o] ¥ AbkolA Fr\ZA W T HiFo) FAIETIa
Aok & A A8 4F Aol 100pg/g A7baol
A A%, 2k, A, HelA, 1000pg/g B 5000pg/g H7HE
oAM= gt A x| viste f93tAl FrletAT). 18
1 1000pg/g B 5000pg/g A7HEME ALRY B B
7t B&5E 100pg/g H7heol Hlg 2 A7) 22y 79
3ol WA} s BEE YRl on, 3] u)3elA
= 1000pg/g 2 5000pg/g A7FEo A =z v)s 9
A A #FAAEE deRTh A8 8FAdlE 100ug/g

- 715 -



A7 RE B712A &, 4%, 3 9, A%, 25, 9
=, 5, 1000pg/g R 5000pg/g A7HES A 42 gz
o vl fog FeEFe 7 ARHAG 2y
1000pg/g 2 5000pg/g H7bLolH e BE 71244
Al ge 27} £€4E 100pg/g A7kl vlE T
o 3tae] A FaHE AL Jehifion 53
1000pg/g A7Hre] B4, 5000pg/g A7hEe A%, v,
AgdAE iz H3ted ¢ ZAAFE Yl
th o] ds} Zof ratd] glojA He FoA AY 454 F
8FA 25 100pg/g A7tolA Felo) o] Ha 57t
34T}, 1000pg/g R 5000pg/g 7oA e ZE 37
zAdA 283 ARY 39 FEI 855 100ug/g 2
7hol Hjd Fele el FA FaHE AFE YE
S E AL S e AMEA 2 AEEgToR a4
7l 2 goz diAME 8 st B3
T ool # Uojet AZdt.

Singh et al”’& rate] A g 37|t FAY B¢ G
otdg o)l Frhatgttn Hudtgon Az o]¥E A
AN FFEA ANZAY odTFY F/HE By
o B Ay Ay 453HdE 1000pg/g A7t A
&, 5000pg/g A7h2 9] AR AFA, AY 8F o=
1000pg/g A7 47, 5000pg/g A7H29 A4, ¥l%
2 NN 7 27 vlste K FAREFE o
Ehileh o)el A M9 nage dutde 241
22X ¢o2 % sty Aok & FAlE 4480

Singh et al” T} Rubino et al*& z}2} rats} Abgo| A
G2 5N 89 EFY F718 2 O, A # o
e AgdA § FEA F712AY AFFole At
Aok sk B A4 A3 A71z2AY BEFele 9
37} ARHA Fch.

Dave et a2 o] Aol M Zgel AE7 o] FolE B
a4 e RAZTR AeH, A o)¥E Aol 3
7122 ZEdFole Mt dvtn ST E AYd
NE ZHEFY dde AP TAA ARHA &3t

a4 £

WE 50 AzAY ¢ ¥ F1ARP vAe 3%
T 540 ratE YHOZ 7| ZAE (AT, YZ2T )
we] Ago] 242 10 (B), 100 (CZ), 1,000 (DF),
5,000 (ET ug/g SIA A7lsted 2 282 A A538d

A 4Y 434 % 870 SUske] 1%, 1, 2%, 4%,
4%, 9 2 AEg AA% T LAESEIYEA
(ANALAB 91004, H971/AFF)E ol§stel 2 3
28 QAR ¥, okd, 7, 3§ BEUFE ¥
H39Y o 4YAHE 2op Thed et

L 7123 dFe BES) 3% 49 454 4 87
A BF H2ZQ AT W8 343%E dehion
FO4e A4EA gkt CRANE 4F 454 2 4
8 87A 4%, 2, A%, ARAH J2FA AT
s BF YUFS) $9¢ 3 9F9YG. DE ¥
EoIAE RE 712404 48 434 2 83400 4}
2 ¥ 57t §84% D89 9% 550 43S
et

2. 47240 FRRHE 4P 4340 E CT9 4%,
2, 4%, A, D23 E29) A g2l Hstel 59
3 37kt 290 DE 2 ERAIAE AR 29
$57h $44% C2o W 24 12a TA9 B3
o A% A2 YL YehhRon S3 M e
D23 EzolA) e va f94 g4 BABYe
SERTLE

Ay 85A0 L C29) BE 371243 DF % EZ9)
Atz datel 498 TR I} 93
S0 28y D23 EZlAE BE 372404 A
£ 99 $E7 $84E CTA Hld oo G0l
% 225 3¢ Jehhgon 53 D2 v, EE
o A%, W2, ABARE D22 Hde §98 ga
A%$ verigich

3. 37124 o AR 4Y 4340 = DY 43,
EZS 4% % A4, 49 83Ae DZY 4%, F
29 4%, W% B A 242t 2 Wt §o)
# 247 %2 Yshigic,

4. 471240 A B BEYFL B, C, D, EFY o=
RNZRANE 22 Aol Hld i@ wst o
cERET L)

gngs

1. US. Department of Labor. Inorganic lead. Oc-
cupational Safety and Health Administration, Wash-
ington DC, PB-266(162) : 5-95, 1977.

2. Hernadez-Avila M, Romieu I, Rios C, et al. Lead-

- 716 -



10.

11.

12.

13.

14.

glazed ceramics as major determinants of blood
lead levels in Mexican women. Environ Health Per-
spect, 94 : 117-120, 1991.

. Koller LD. Public health risks of environmental con-

taminants: Heavy metals and industrial chemicals. J
Am Vet Med Assoc, 176: 525-529, 1980.

. Goyer RA. Lead toxicity: A problem in environmental

pathology. Am J Pathol, 64 : 167-179, 1971.

. Goldberg A. Drinking water as a source of lead pol-

lution. Environ Health Perspect Exp, 7 : 103-105,
1974,

L BeY. ABAW N AAE 7HEARY ekl

B¢ 24T, FZTAFRYTYA, 9(1) : 13-16,
1992.

. Allcroft R, Blaxter KL. Lead as a nutritional hazard

to farm livestock. V. The toxicity of lead to cattle
and sheep and an evaluation of the lead hazard und-
er farm conditions. J Comp Path, 60 : 209-218,
1950.

. Cannon HL, Bowles JM. Contamination of vege-

tation by tetracthyl lead. Science, 137 : 765-766,
1962.

. Hankin L, Heichel GH, Botsford RA. Lead in pet

foods and processed organ meats. J Am Med Assoc,
231 : 484-485, 1975.

Goyer RA. Lead toxicity: From overt to subclinical
to subtle health effects. Environ Health Perspect, 86 :
177-181, 1990.

Magdalena RL, Carlos SB. Use of lead-glazed
ceramics is the main factor associated to high lead
in blood levels in two mexican rural communities. J
Toxi and Environ Health, 42 : 45-52, 1994.

Sharma RP, Street SC. Public health aspects of toxic
heavy metals in animal feeds. J Am Vet Med Assoc,
177 : 149-153, 1980.

Hammond PB, Aronson AL. Lead poisoning in cat-
tle and horses in the vicinity of a smelter. Ann New
York Acad Sci, 111: 595-611, 1964.

Osweiler GD, Ruhr LP. Lead poisoning in feeder
calves. J Am Vet Med Assoc, 172(4) : 498-500, 1978.

. Domingo JL. Metal-induced developmental toxicity

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

- 77 -

in mammals: A review. J Toxi and Environ Health,
42 :123-141, 1994.

Erphart CB. A critical review of low-level prenatal
lead exposure in the human: 1. Effects on the fetus
and newborn. Reprod Toxicol, 6 : 9-19, 1992.
Jacquet P and Gerber GB. Teratogenic effects of
lead in the mouse. Biomedicine, 30 : 223-229, 1979.
Thompson, GN, Robertson EF, Fitzerald S. Lead
mobilization during pregnancy. Med J Aust, 143 :
131, 1985.

Hallen IP, Oskarsson A. Dose dependent transfer of
203lead to milk and tissue uptake in suckling offspr-
ing studied in rat and mice. Pharmacology & Tox-
icology, 73 : 174-179, 1993.

Keller CA, Doherty RA. Bone lead mobilization in
lactating mice and lead transfer to suckling offspr-
ing. Toxicol Appl Pharmacol, 55 : 220-228, 1980.
The United Nations Environment Programme and
The World Health Organization. Environmental
health criteria 3. lead, World Health Organization,
Geneva : 80-83, 1977.

Cerklewski FL, Forbes RM. Influence of dietary
zinc on lead toxicity in the rat. J Nutr, 106: 689-
696, 1976.

el-Waseef A, Hashim MM. Zinc lead-interaction in
the rabbit. Acta Medica Hungarica, 42(3-4) : 199-
207, 1985.

Klauder DS, Murthy L, Petering HG. Effect of
dietary intake of lead acetate on copper metabolism
in male rats. Trace subst. Environ Health-6 Proc
Univ Mo Conf, 6 : 131-136, 1972.

Six KM, Goyer RA. The influence of iron deficiency
on tissue content and toxicity of ingested lead in
the rat. J Lab Clin Med, 79 : 128-136, 1972.
Hershko C, Konijn AM, Moreb J, et al. Iron de-
pletion and blood lead levels in a population with
endemic lead poisoning. Israel J Med Sci, 20 : 1039-
1043, 1984.

Quarterman J, Morrison JN, Carey LF. The in-
fluence of dietary calcium and phosphate on lead

metabolism. Trace Subst Environ Health-7. Proc



28.

29.

30.

31.

32.

33.

34.

35.

Univ Mo Annu Conf 7th ed, 347-352, 1974.
Quarterman J, Morrison JN, Humphries WR. The
influence of high dietary intakes of calcium on lead
retention and release in rats. Proc Nutr Soc, 34 :
89A-904, 1975.

Sukhanov BP, Korolev AA, Marinchuk AN, et al.
Experimental study of the protective role of calcium
in lead poisoning. Gigiena I Sanitariia, 12 : 47-49,
1990.

Barltrop D, Barrett AJ, Dingle JT. Clinical and ex-
perimental subcellular distribution of lead in the rat.
J Lab Clin Med, 77 : 705-712, 1971.

Hsu FS, Krook L, Pond WG, et al. Interactions of
dietary calcium with toxic levels of lead and zinc in
pigs. J Nutr, 105 : 112-118, 1975.

Blaxter KL. Lead as a nutritional hazard to farm
livestock. II. The absorption and excretion of lead
by sheep and rabbits. J Comp Path, 60 : 140-159,
1950.

Dinius DA, Brinsfield TH, Wiliams EE. Effect of
subclinical lead intake on calves. J Anim Sci, 37(1) :
169-173, 1973.

Zook BC, Lopito L, Carpenter JL, et al. Lead pois-
oning in dogs : Analysis of blood, urine, hair and
liver for lead. Am J Vet Res, 33 : 903-909, 1972.

ol &3, A A APEL BF APHAT.
4o &A, 4 : 43-49, 1979,

36.

37.

38.

39.

40.

41.

42.

43.

Schroeder HA, Tipton IH. The human body bur-
den of lead. Arch Environ Health, 17 : 965-978,
1968.

Singh B, Dhawan D, Mangal PC, et al. Combined
acton of lead and lithium on essential and nones-
sential elements in rat blood. Biological Trace Ele-
ment Research, 46(1-2) : 15-28, 1994.

Rubino BE, Pagliandi E, Prato V, et al. Erythrocyte
copper and porphyrins in lead poisoning. Br J Hema-
tol, 4 : 103-107, 1958.

Aoy, oldy : g 494 4FEd 39 ¢
et #2123 #7013 §Fe 4
ety g APy, 33 @ 493-505,
1993.

Dave V, Vitarella D, Aschner JI, et al. Lead in-
creases inositol 1,4,5-triphosphate levels but does
not interfere with calcium transients in primary rat
astrocytes. Brain Research, 618(1) : 9-18, 1993.
Stubbs RL. Institute of petroleum. In Hepple P. ed
Lead in the Environment, Academic Press, London :
1, 1972.

de Treville R. Lead in the environment. In Waldron
HA and Stofen D. ed Sub-clinical Lead Poisoning,
Academic Press, New York : 1, 1974.

Buck WB. Toxic materials and neurologic discase in
cattle. J Am Vet Med Assoc, 166 : 222-223, 1975.

- 718 -



