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Detoxification Study with Different Dietary Protein Levels and Detoxifying Periods in
Lead Poisoned Rats

Kim Mi Kyung - Lee Hye Young
Dept. of Food & Nutrition, Ewha Womans University

=ABSTRACT=

This study was performed to investigate lead(Pb) detoxification with different dietary
protein levels and detoxifying periods in Pb poisoned rats.

Forty nine male rats of Sprague—Dawley strain weighing 114+4g were used and they
were fed 1% Pb—15% casein diet ad libitum for 2 weeks. After sacrifying 7 animals as
control group,remaining forty two rats were blocked into 6 groups according to body weight.
Three groups were fed each detoxifying diet(5%, 15% or 40% casein diet without Pb) for
| week and the other 3 groups were fed the same diets for 3 weeks.

The results obtained were summerized as follows ;

1) Liver and kidney weights, bone weight, and bone length were increased with increasing
dietary protein level and detoxifying period.

2) Hematocrit values were recovered to normal level during detoxifying periods but he-
moglobin contents in detoxifying diet groups showed no signficant difference. from those
in contral group.

3) Pb contents in blood were decreased with increasing dietary protein level, and Pb
contents in liver were significantly decreased in high protein diet groups. Pb contents in
kidney were significantly decreased during detoxifying period compared to control group,
but no significant difference was shown within the detoxifying diet groups. Pb contents
in femur were significantly decreased after 3 weeks of detoxifying period but no difference
was shown with different dietary protein level.

4) Urinary Pb excretions were significantly increased with increasing dietary protein level.
Fecal Pb excretions were remarkably decreased after 3 weeks of detoxifying period, but
no difference was showen in fecal Pb excretions with different dietary protein level.

Above results suggest that high protein diet improves Pb detoxification by increasing
urinary Pb excretion.
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Fig. 1. Feeding design of experimental animals

Exp.  Exp.
groups® diet™ 1week 2weeks 3weeks dweeks Sweeks
C 15% pro.

+1% Pb
LDl 5% pro. ——
SD1 15% pro.je—mMm ———— e - -- ]
HD1 40% pro.
LD3 5% pro. SN SN
SD3 15% pro.
HD3 40% pro,

B LR B b
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C : Control group

LD1 : Low protein detoxifying diet for 1 week group

SD1 : Standard protein detoxifying diet for 1 week
group

HD1 : High protein detoxifying diet for 1 week group

LD3 : Lew Protein detoxifying diet for 3 weeks group

SD3 : Standard protein detoxifying diet for 3 weeks
group ,

HD3 : Hign protein detoxifying diet for 3 weeks group

** _ : Pb added diet.

- ¢ Detoxifying diet.
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Table 1. Compositions of experimental diets (per kg diet)

\Exp. groups C LD,, LD, SD,, SD, LD, LD,
Ingredients

Corn starch(g) 700 810 710 460

Casein(g) 150 50 150 400

Corn oil(g) 100 100 100 100

Pb(g) 10 0 0 0

Salt Mix.*(g) 40 40 40 40

Vit,A.DMix.*(ml) 1 1 1 1

Vit EX Mix.*(ml) 2 2 2 2

Water sol.vit* - -

Vit.B,*(ml) 1 1 1 1

* Added according to Chung & Kim Korean J Nutr 15 : 258(1982)
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Table 2. Liver and kidney weight, length and weight of femur of rats fed on Pb
or detoxifying diet

Exp - groups Liver(g) Kidney (g) Length(cm) Weight (g)
C 4.6510.58" °* 1.47£0.13% 2.94%0.09° 0.27+0.02*%
LD, 4.90+0.31% 1.32+0.07¢ 2.92+0.05° 0.30+0.02*
Sh, 6.8710.61°¢ 1.69+0.14° 2.981+0.10° 0.30£0.03*
HD, 6.3040.28% 1.76+0.14¢ 3.0310.04** 0.29+0.02°%
LD, 5.6310.30%%¢ 1.54+0.07° 3.00+0.07% 0.33%0.03*
SD, 7.94+0.27% 2.091+0.13°¢ 3.33+0.01° 0.41+0.03°
HD, 8.8210.79° 2.56+0.15¢ 3.22+0.06"%¢ 0.4340.03°

Significant® A B A B A B A

factor ’
1) Mean+SE

2) Values with same alphabet within the column are
not significantly different at a=005 level by
Duncan’ s multiple range test.

3) A : The effect of time length in the detoxifying period is significant at @=0.05 level by F test.
B : The effect of dietary protein level is significant at a=0.05 level by F test
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Table 3. Hematocrit and hemoglobin content of rats fed on Pb or detoxifying diet

Exp. groups Hematocrit(%) Hemoglobin(g / 100ml)
C 26.7+1.8" 141409 NS?
LD, 342412 b 116409
S, 372426 be 129407
HD, 408416 c 12.7409
LD, 374411 be 11.6+0.2
SD, 386431 bc 122411
HD, 404408 be 1263404
Significant
factor* B
1) Mean+SE

2) Values with same alphabet within the column are not significantly different
at a=005 level by Duncan’ s multiple range test.

3) Not significant at a=0.05 level by Duncan’s multiple range test.

4) B : The effect of dietary protein level is significant at a=0.05 leve by F test.
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Table 4. Pb contents in blood, liver, kidney and bone of rats fed on Pb or detoxifying diet

Exp. Blood Liver Kidney Femur
groups {1g/100m8) (ug/g wet tissue)
C 78.8+£10.3" 8¢ " 32.3+4.2°%¢ 171.2_:*:42.‘4° 478.9+65.1°
LD, 103.5+ 8.5°¢ 42,71+4.2° 43.7%15.6° 505.6+45.4°
SD, 104.5+18.9¢ 22.84+3.7* 58.5+15.4" 562.1+50.1°
HD, 78.6+11.4%% 15.3£3.0*° 45.7i8.0° 515.9+33.3°
LD, 96.0f 8.8°° 61.4%11.8° 51.0+8.2° 260.4+34.6°
SDy 65.4% 7.8%° 18.916.3%° 41.5+15.3° 236.5+52.7°
HD, 53.4% 4.6° 14.4+1.4° 11.1+75° 277.91+19.9°

Significant” AB B A
factor

1) Mean+SE

2) Values with same alphabet within the column are not significantly different
at «=0.05 level by Duncan’s multiple range test.

3) A : The effect of time length in the detoxifying period is significant at a=0.05 level by F test.
B : The effect of dietary protein level is significant at a=0.05 level by F test,

Table 5. Urinary and fecal Pb excretions of rats fed on Pb or detexifying diet

Exp. groups Urinary Pb (ug/ day) Fecal Pb(ug/ day)
LD, 2.840.7"a® . 16554283 be
SD, 70+15 b 206.8+24.2 ¢
HD, 56+19 ab 11514127 ab
LD, 30410 a 59.3+11.1a
SD, 6.0+09 ab 65.7+109 a
HD, 74408 b 737173 a
Significant B
factor®
1) Mean+SE

2) Values with same alphabet within the column are not significantly differentat =005 level by
Duncan’ s multiple range test,
3) B : The effect of dietary protein level is significant at a=0,05 level by F test.

el ole AuuAolzel ¥ FAHP<O. o] B 20 B F2lHel Fole et
05)02 Z7bE Folddch Mg @ Pbel M2 ux ggoh

e A5/ %] Heh Aolg nel A 1FTE o4d AT TPARY, AS/2E wu
uoh ASIZEFEAN f¥0o2 FAUYE,  WNolZold 43 @ hemotocritx)7h B ¥

—190—



=5 FE€ H3F0A o) DF £F R AZINo) w}E AS A v)w AP~

33, ¥ 2 7o Pbitgko] thE ol Y
3 froHoz ZAFEHJoN, &2 w4 E Pb
FE ST 2 EE aEyYols A
of 4 Pbe =8 T3 wjde IS
22X A= a9s Jehyh

oj9}l+e duiz o PoAlZEAE= B AYA
Htoz A & F AT AU FF4 o)L
4t gwAel metallothionein(MT) ¢} 283}
Bol g Aoz M) gwrgoz MT
= Cd, Pb, Zn, Cu%-9) metali} 21312 o] of &
Zatm, 53 Cda} Pbel ofsl AX) Aol
FE5 = g9 cysteine-d FH3F A E A9
metal binding protein¢. 2 g3 i}

ol2] FEAGT® o3 wrEd MT A
EX48L& AU T340 F4E AL F2
I AZzAYe A MT3Hde] A Z71s =3,
o] MT+x ZZJdll A free toxic metal ionz} 2
g8l non—toxic formo.2 AFA|Y W o
gt oM AFogo FF&olL WL kS
B3 MHS FE 5 AE §54 320
259 AUdAte] #FAqdtn o) £33 w
o] FFA] 7t AFF AU MTgHgo]
78 $8459 FA4o] gasAdE oA
o] AFHIEE BHEFA o] Tl 9
g PbAIZaRE 7ld& 2 & M) Pbet
22 27t FF%0] 29 CdAEA A E? Cd
02 =9 oA AolZ B Cde AA
stn ugtidolg FF3 A 7y AR zF
e CdF3e] 2A FAHAL, =2 ujidy
£ Cd¥e]l A3 78tk ok whelA
B Ao PbEE" A PbraEe F
gl ngejAolE FFENS o AW =3
g Pbe =& 53 wjdo] Z7lE RAE MTY
223 Qo] vkn A4 F YA

Shaikhell?2] 3l Cdoll <3 =€ #39
g3 zoflA AFxzel MT7F 245U, o
& o] @ do] F543 AFste YL o}
H olgHthrt RS B3 =2 vjdE Aol

I Yok B MTe AWM YgHE = &
& o3 w2 A s ojw Agstn ¢l
d FF40] 2L free metal iono.2 {5 o]
=2 A" AY gA 23 42¢ MT
AEE FEs7Ie 3t g agez Pb
FE7N 5 MT9 Agste 23Ud &35
o] A" Pbzt AUIALS ARHA oz 2
B Y& Bl AZxA0E o] ¥ MT=2
FH feHI =2 ajddE 34 oM Ax
el A2 MTEAo] st 51, oy 4
ol gde] MTE4E A% F34dcl € &
Us Aoz AZEn 8, 2 AhAFN
Z3o] FAHE Pbe] AAGo] 2o uig}
Zh gt 7t Al PhEge AE 272
B ZAaHYoY, A3 W PoirEe A=
3FTEAA BAHUD. £=3, 93 7ke] Pb
AAEE 2o] gy FFo] ELFE F7ly
AL} W o] PbA|HEL o] gula 230
o3 Y-S ¥ 4t 28U AE 3FEE
ol 4] hemoglobingt&o] «A3] Rt o =
AW =g Pbrl &3] AAHA gton,
=9t HoZ Pbrl wjdE T Qe ALE Ko}
aguole] PoAlE e ASXVIFEH U
Brle ey 2 APgzAdqae PbFE
o2 RE &3] EE7)de 37719 7|3t
#ge Aoz NP

4 B

AR R 2 giEFY Zolg RAE
AE717ke] A3 Ao] gy f£Fo] FLFE
Z7k3kd k. Hematocritxl e AE717 & 943}
HA nguldo] FgA] H& Frldld A=
Hol& 333 HASE S W 28 8o B4
Fzog 325Ut 23y, hemoglobing}tek

— 191 —



- v -0l A 9-

& AENolg HHsULeHIT PbZEEFo
B)ah. pol 7} glo] AL Btk #8, 2o &
Hg Pbe AALL 2F wa g =
Yo Z Phte AS/IZ 2 o] g #
Zo) wa} o)z} o] AF7Izte] A3 Aol
QuE £30] 5242 PAHUL, e Pb
oo AS70d] B Fole PP 1Y
wAo) o)A FoA o2 Yoty Algel Pbgt
Fe ASZx7IRE PbZE70) Hjs) fode
2 ZAHYOY HEN|ZE ol E Ao
7} QIUTh. W o] Pbgake A B35 7oA Pba
=370 Hjs] FoHoE AL Ao] vy
A%z G Pole YUtk AE7VE =5
23 Poejde o] gmA £Zo] £L4E
fodog Z7En He £ Poujde A
= 323dA 3 FiagAoU Ho| wwA
#70] g Fole YUk F, Ho] g 4
Fo] 242 A £2¥ Pbe) =8 59 u)
e FANZozA ASENL e Aoz
Blon ol z= o uwie} Pbel A ALe] 2%
7} g} B 4ydMe AE 357 SH
BEe Yslde e Ao AU wY
A oo ApdMe PbASIIA 2 2A
o AEg9 Aol B3 a7 Y8 A=)
Be = o QAN 2 7ibEg 2AY MT#
%ol Wzt 24ste o] Wastea Az
ch.

References

1) Bryce SD, Stephens R. Sources & effects
of environmental lead. In : Trace elements
in health. ed. Rese, J pp88—131, Butterworths,
London, 1983

2) A71d 9l vigR, FEA 45 FEA
506, 1985

3) Grandjean ‘P. Widening perspectives of lead
toxicity. : A review of health effects of lead

exposure in adults. Env Res 17 : 303, 1978.

4) Wapnir RA, Moak SA, Lifshitz F. Malnut-
rition during development : Effecis on later-
susceptibility to lead poisoning. Am J Clin
Nutr 33 : 1071, 1980

5) Mahaffey KR. Nutritional factors in lead
poisoning. Nutr Rev 39 : 353, 1981

6) Nzelibe CG, Knight EM, Adkinds JS. Effect
of carbohydrate on lead absorption and reten-
tion in weanling rats. Env Res 41 : 458, 1986

7) Rose HE, Quarterman J. Dietary fiber and
heavy metal retention in the rats. Env Res
42 : 166, 1987

8) Conrad ME, Barton JC. Factors affecting
the absorption and excretion of lead in the
rats. Gastroenterology 74 : 731, 1978

9) Garber BT, Wei E, Influence of dietary fac-
tors on the gastrointestinal absorption of lead.
Toxicol Appl Pharm 27 : 685, 1974

10) Kiyozumi M, Mishima M, Noda S, Studies
in poisonous metal. 1X Effects of dietary fibers
on absorption of cadmium in rats. Chem Pharm
Bull 30(12) : 4494, 1982

11) Kim MK, Cho KH. Metabolic changes in
growing rats fed diets with different levels of
lead and protein. Korean J Nutr 19(5) : 323,
1986

12) Kim JS, Kim MK. Metabolic changes in
growing rats fed diets with different levels of
lead and lipid. Korean J Nutr 20(4) : 225,
1987

13) Lee HY, Kim MK, Effects of dietary cadmium
and protein levels on the body protein meta-
bolism and cadmium toxicity in growing rats.
Korean J Nutr 21(6) : 27, 1988

14) Zinterhofer LJM, Jatlow I, Fappiano A.
Atomic absorption determination of lead in
blood and urine in the presence of EDTA. J

— 192 —



i 259 QA Ao] wed £2 L AS/I] BE ASEDH Bl AP

Lab Clin Med 78 : 664, 1971

15) Yeager DW, Cholak J, Henderson EW.
Determination of lead in biological and related
material by atomic absorption spectrophoto-
metry. Environ Sci Technol 5 : 1020, 1971

16) Mitruka BM, Rawnsley HM. Clinical bioc-
hemical & hematological reference values in
normal experimental aniaml & nomal humans
2nd ed. Masson, New York, pp 63, 1981

17) Foulkes EC. Biological roles of metallothio-
nein. Elsevier North Holland, New York, 1982

18) Revis NW, Osborne TR. Dietary protein
effects on cadmium and metallothionein ac-
cumulation in the liver and kidney of rats.
Environ Health Persp 54 : 83, 1984

19) Revis NW. The reletionship of dietary protein
to metallothionein and cadmium—induced da-
mage. Toxicology 20 : 323, 1981

20) Kotsonis FN, Klaassen CD. The relationship
of metallothionein to the toxicity of cadmium
after prolonged oral administration to rats.
Toxicol Appl Pharm 46 : 39, 1978

21) Kojima S, Kiyozumi M, Mishima M. Effects
of three proteins on absorption of cadmium
in rats. Toxicology 34 : 161, 1985

22) Muto Y, Omori M. Nutritional influence on
the onset of renal damage due to long—term

administration of cadmium in young and adult
rats. J Nutr Sci Vitaminol 23 : 349, 1977

23) Cherian MG, Nordberg M. Cellular adap-
tation in metal toxicology and metallothionein.
Toxicology 28 : 1, 1983

24) Omori M, Muto Y. Effects of dietary protein,
calcium, phosphorus and fiber on renal accu-
mulation of exogenous cadmium in young rats.
J Nutr Sci Vitaminol 23 : 361, 1977

25) Hildebrand CE, Griffith RA, Tobey RA.
Molecular mechanism of cadmium detoxifica-
tion in cadmium—resistant cultured cells : Role
of metallothionein and other inducible factors.
In ; Biological roles of metallothionein. pp279,

- 1981

26) Foulkes EC. Role of metallothionein in tran-
sport of heavy metals. In ; Biological roles
of metallothionein. ppi31, 1981

27) Shaikh ZA. Metallothionein as a storage
protein for cadmium : Its toxicology implica-
tions. In ; Biological roles of metallothionein.
pp69, 1981

28) Suzuki KT. Induction and degradation of
metallothionein and their relation to the toxi-
city of cadmium, In ; Biological roles of me-
tallothionein. pp215, 1981

—193—



