WEERE&E26(6) : 743~757, 1993
Korean ] Nutrition 26(6) : 743~757, 1993

Pb %] Fe, Curt 81719 Aol v
asho] BF AT

Aol Ates A A

i
Erlo] A S 4l Zookdtal
The Effect of Fe and Cu on the Pb Toxicity in Rats
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ABSTRACT

This study was undertaken to investigate the effects of dietary Fe and Cu levels on Pb
accumulation of Pb poisoned rats. 80 male Sprague weaning Dawley rats weighing 80-90g
were divided into 8 groups(Pb groups : LFLCPb-low Fe, low Cu and Pb group, LFACPb-
low Fe, adequate Cu and Pb group, AFLCPb-adequate Fe, low Cu and Pb group, AFACPb-
adequate Fe, adequate Cu and Pb group, without Pb groups : LFLC-low Fe, low Cu and
without Pb group, LFAC-low Fe, adequate Cu and without Pb group, AFLC-adequate Fe,
low Cu and without Pb group, AFAC-adequate Fe, adequate Cu and without Pb group) accor-
ding to Pb administration(0, 500ppm in drinking water) and Fe and Cu levels(Fe : 6ppm,
40ppm, Cu : 0.5ppm, 0.8ppm) for 12 weeks.

The food intake, body weight gain, and FER of Pb groups were significantly lower than
those of without Pb groups(p<C0.01, p<<0.001, p<C0.001). The weights of liver in Pb groups
were significantly lower than that of adequate Fe and Cu group in without Pb group(AFAC)
(p<C0.001). The Cu contents of liver in Pb groups were significantly lower than that of AFAC
(p<C0.01). The liver Pb accumulation of LFLCPb was significantly higher than those of LFA-
CPb, AFLCPb, AFACPb(p<{0.001). The secrum Pb content of LFLCPb was significantly higher
than those of LFACPb, AFLCPb, AFACPb{(p<(0.05). The levels of Hb. and Hct. of 12 weeks
in Pb poisoned rats were lower than those of 8 weeks, in other words, long term Pb poisoned
rats were affected more serious on hematopoiesis. The fecal excretions of Fe and Cu in Pb
groups were significantty higher than those of without Pb groups(p<{0.001, p<<0.001). The
urinary Fe and Cu excretions were significantly higher than those of AFAC (p<(0.001, p<<0.001).
There were significant differences between Pb groups and without Pb groups according to
dietary Fe and Cu levels. So, dietary levels of adequate Fe and Cu were effective to reduce
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Pb accumulation in rats.

It were showed that the decreases of food intake, FER, body weight gain, serum level of
Fe and Cu in Pb groups than those of without Pb groups. And the increases of liver Pb

accumulation, serum Pb levels, fecal and urinary Fe and Cu excretions were showed in Pb

groups than those of without Pb groups by long term lead poisoning. Otherwise, adequate

Fe and Cu adminisirations in Pb groups have preventive cffects on the Pb poisoned rats.

KEY WORDS : Pb - Fe - Cu * plasma parameters * liver parameters * hemoglobin * hematocrit.
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Table 1. Experimental design

Dietary Groups! Dietary Cu Fe Pb  Levels

ppm

LFLC 0.5 6 -
LFLCPb 0.5 500

LFAC 8.5 6 -
LFACYPb 3.5 500

AFLC 0.5 40 -
AFLCFPb 05 40 500

AFAC 85 40 -
AFACFbH 85 40 500

1)LFLC : Low Fe, Low Cu and without Pb group
LFLCPb . Low Fe, Low Cu and Pb group
LFAC : Low Fe, Adequate Cu and without Pb
group
LFACPD : Low Fe, Adequatc Cu and Pb group
AFLC : Adequate Fe, Low Cu and withour Pb
group
AFLCPb : Adequate Fe, Low Cu and Pb group
AFAC ! Adequate Fe, Adequate Cu and without Pb
group
AFACPb © Adequate Fe, Adequate Cu and Pb
group
Experimental period was 12 weeks
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Table 2. Formulation of experimental diets
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Ingredient Low-Fe diet Adequate-Fe diet
glkg
Sucrose® 500.0 500.0
Corn starch® 150.0 150.0
Casein? 200.0 200.0
Cellulose® 50.0 50.0
Corn oil®7) 50.0 50.0
DL-methionine® 3.0 3.0
Choline bijtartrate® 2.0 2.0
Vitamin mixture!® 10.0 10.0
Mineral mixture!! 55.0 35.0
FeSO, « 7TH.O - 0.1394
Calculated value
Crude protein, % 20.0
Metabolizable energy, Kcal/g 3.34

1) Drinking water | Cu 8.0ppm as CuCO; - Cu{OH)
Pb 500ppm as C4H504Pb

2) Sucrose . Sigma Chemical Co,

8) Com starch : Junsel Chemical Co.

4) Casein : Junsei Chemical Co.

5) a-Cellulose : Sigma Chemical Co.

6) Com oil : Doosan Co.

7) BHT as antioxidant was added 0.0125%/oil kg

8) DL-methionine : Hoong sung Co.

9) Choline bitartrate : Junsei Chemical Co.

10) Vitarnine mixture(0.2% ) : The mixture provides per

kg of diet . Thiamine - HCl . 6mg, Riboflavin ! 6mg,

Pyridoxine + HCI ! 7mg, Nicotinic acid  30mg, D-Caldum pantothenate | 16mg, Folic acid ; 2mg, D-Bio-
tin 1 0.2mg, Cyanocobalamin : 0.01mg, Retinyl acetate : 4,0001.U., d¢-a-Tocopherol acetate : 501.U., Cho-

lecalciferol © 0.025mg, Menaquinone X 0.05mg
1)

Mineral mixture(6% ) : The mixwure provides per kg of diet . Calcum phosphate, dibasic ; 17.5g, Sodium

chloride : 2.59g, Potassium citrate, monohydrate ; 7.7g, Potassium sulfate : 1.82g, Magnesium oxide : 0.84
g, Manganous carbonate : 0.21g, Zinc carbonate ; 56mg, Potassium jodate © 0.35mg, Sodium sclenite © 0.35

mg, Chromium potassium sulfate . 19.25mg,

*Ferric sulfate ; 1.0465mg, **Cupric carbonate : 0.03045mg
*Ferric sulfate as Fe ! 6ppm **Cupric carbonate as Cu [ 0.5ppm
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Table 3. Food intake, water intake, body weight gain, and food efficiency raio(FER) in rats

Cu Fe b Food intake Water intake Body weight gain FER

— ppm — g/day ml/day g/day

05 6 — (LFLC:no Pb group) 24.49%0.32Da? 26.1£ 1.6 ab 2.09£0.20 bc  0.09+0.01 be

0.5 6 500 (LFLCPb : Pb group) 14,82+ 2.831 ¢ 952+£25 b 1.531+0.12 d 0.08+0.03 c

85 6 — (LFAC:.no Pb group) 21.74£0.87 b 24.0+03 b 2274021 b 0.10+0.01 be

85 6 500 (LFACPb:Pb gToup) 14.60+ 047 ¢ 23.2+21 b 1.33+0.04 d 0.091 0.04 be

05 40 — (AFLC:no Pb group) 22.80£ 0.40 ab 26.4+0.6 a 3.851£0.13 a 0.15+£0.01 a

0.5 40 500 (AFLCPb I Pb group) 16.11£1.20 ¢ 26.0£ 1.7 ab 1.79+0.15 ¢ 0.09% 0.02 bc

8.5 40 — (AFAC:no Pb group) 22.22+1.26 ab 92583204 b 3.59+0.28 a 0.16+£0.01 a

8.5 49 500 (AFACPDb : Pb group) 16.36£ 2.20 ¢ 24.0+19 b 1.851£0.15 ¢ 0.11+0.01 b
CulA) 2.25 4.29 2.99 3.95
Fe(B) 0.70 2.19 160.807%" 35.58"%*
Pb(C) 178.90%* 2.19 521.94%%" 26.68%*

ANQVAD AXB 1.44 0.79 0.07 0.16

Term AXC 2.5% 0.79 1,58 Q.16
BXC 8.78 0.79 52.00%"* 12.797%

AXBXC 0.59 0.79 0.05 0.16
1) Meant S.D.

92) Means with different letters(ab,c,d) within a column are significandy different from each other ar P<(0.05
as determined Duncan’s multiple-range test(a>b>>c>d).
3) Fvalues for terms or interaction are based on 3-way analysis of variance(ANOVA).

“P<0.05 *FP<0.01 ***P<0.001
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Fig. 1. Growth curves of rats in different groups. Each point is meant $.D. of body weight for rats.

¥p<0.05
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Table 4. Liver weight and liver Cu, Fe, Pb in rats
Cu Fe Pb Liver weight Liver Cu Liver Fe Liver Pb
— ppm — g £/100g body Wi ——— pg/g wet weight
0.5 6 -~ (LFLC) 7.46+0.20V¢d? 3.2640.04 be 1721045 b 187.85+76.54 b N.D®» ¢
0.5 6 500 (LFLCPb) 6.95+043 d  310%£0.09 ¢ 1.57:008 b 186.88+4517 bc 56.32+1045 a
85 6 — (LFAC)  7.43+015 ¢«d 341+0.07 ab 5251038 a 61.98£24.78 ¢ N.D. c
8.5 6 500 (LFACPb) 7.30+0.24 cd 8.25+0.04 bc 2.01£0.17 b 156.78+ 4043 bc 4098+ 3.03 b
0.5 40 — (AFLC)  881+0.56 b 853+0.07 ab 3.19£0.46 a 406.04+ 7151 a N.D. c
0.5 40 500 (AFLCPb) 7.68+£0.26 cd $45%0.17 ab 2.17+0.15 b 201.92+5514 b  7.72% 5.04 ¢
8.5 40 — (AFAC) 9.67+045 a  5.68+0.12 a 3.501£0.12 a 14658+ 44.49 be N.D.
8.5 40 500 (AFACPb) 200£0.70 ¢ 360+027 a 324L£074 a 1821715556 be  1.53% 010 ¢
Cu(A) 4.70 575" 27.71° 18.55%%% 9.67%"
Fe(B) 52.64%% 20.55%% 51.90%=+ 8.45% 161,755
ANOQOVA Pb(C) 24 72% 3.69 14.86% 0.96 236.86%*
Terrs® AXB 1.54 0.03 0.96 0.75 1.75
AXC 0.05 0.02 0.01 11.52%* 9.67+*
BXC 9.7%% 0.22 0.28 4.60% 161.75%++
AXBXC 1.77 0.0% 11.03* 1.10 1.75
1) Meant S.D.

2) Means with different(a, b, ¢, d) within a colum are significanty different from each other at p<{0.05
as determined Duncan’s muldple-range test(a>b>c2>d).

3) Not Detcciahle

4) F-values for terms or interaction are based on 3-way analysis of variance(ANOVA).

*P<0.05 *P<0.01

P<0.001
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-
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TE% H]ﬂ%%(AFLCPb, LFACPb, LFLCPb)e]]
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Hb.(g/dD)
0
I 8 week Hb.
[ 112 week Hb.
15F

Il

LFLC LFLCPb LFAC LFACPb AFLC AFLCPb AFAC AFACPb

Fig. 2. Hemoglobin concentration in vars at 8 and 12 weeks on experimental diets.

Het(% )

30

Il 3 week Hb.
40+ []12 week Hb.

If

LFLC LFLCPb LFAC LFACPb AFLC AFLCPbL AFAC AFACPL

Fig. 3. Hematocrii concentration in rars at 8 and 12 weeks on experimental dicts,
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Table 6. Fecal weight, and fecal excretions of Copper, Iron, and Lead in rars

Cu Fe Pb Fecal weight Cu Fe Pb
— ppm — g/day ug/g wet weight
0.5 & — (LFLC) 1.00+ 0.259b2 9946+ 26.94 de 2089.65+ 834.19 bc N.D.® b
0.5 6 500 (LFLCPb) 1.66%0.17 a  544.98+59.60 a 735455+ 978.83 ab 180071+ 10.70 ab
85 6 (LFAC) 1764025 a 16574 19.90 cd  1484.05% 705.57 ¢ N.D. b
8.5 6 500 (LFACPb) 1.67£022 a  259.19+8856 b  7588.11%£775.04 ab 35160.48% 79.15 ab
0.5 40 — (AFLG) 1.57£0.88 ab  $7.05-10.66 ¢  2491.12%+674.90 bc N.D. b
0.5 40 500 (AFLCPb) 142+0.56 ab 24229+ 64.03 be 4765.68+ 67590 ab  2181.07+510.26 ab
8.5 40 (AFAC) 1.83£0.25 ab 124.65£17.55 d  2192.04+ 659.24 be N.D. b
8.5 40 500 (AFACPb) 1.58+046 ab 146.25+2324 d 370085140386 bc  5128.13+ 97547 a
Cu(A) 1.85 NS 8.85%* 0.07 0.28
Fe(B) 0.13 45.957% 1.23 0.96
Ph{(C) 1.85 100.00%+* 29.46%%* 10.977
ANOVAY  AXB 2.82 7.58% 1.59 1.67
Term AXC 0.46 48,9277 0.85 0.28
BXC 0.92 16.59% % 5.65 0.96
AXBXC 3.82 4.82* 2.24 1.67
1) Meant S.D.

2) Means with different letters(a, b, ¢, d) within a column are significantly different {rom each other at
P<0.05 as determined Duncan’s muliple-range test(a>>b>c>d).

8) Not Detectable

4) F-values for terms or interacdon are based on 3-way analysis of variance(ANOVA).

*P<C0.05 **P<0.01 ***P<0.001
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