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The relationship of dietary protein to cadmium absorption and tissue deposition was studied in
male Sprague-Dawley rats exposed to different levels of cadmium in the drinking water. In
animals fed a high-protein or low-protein diet and drinking water containing 25 or 50 ppm
cadmium, liver and kidney cadmium and metaliothionein were both significantly higher in rats
fed the high-protein diet for 2 to 4 months. These differences may possibly be explained by the
concentration of cysteine observed between these two diets.  When cysteine was added to
the low-protein diet to the level observed in the high-protein diet and fed to rats receiving 25
ppm cadmium in the drinking water, significant dietary differences in liver and kidney cadmium
and metallothionein were not observed. The importance of dietary protein to cadmium-induced
toxicity was also assessed in these studies. The activity of catechol-o-methyltransferase was
used as a measure of cadmium-induced toxicity. The activity of this enzyme in the lung, liver
and heart was significantly lower in rats fed a low-protein diet than those fed the high-protein
diet and 50 ppm cadmium. Metallothionein concentration in the lung and liver from low protein
fed rats was approximately half the level observed in rats fed the high-protein diet, which
suggests a relationship between cadmium-induced toxicity and metallothionem concentrations.
These results imlustrate the importance of considering dietary protein (and possibly cysteine)
when studying cadmium metabolism in experimental animals.

Introduction

Several investigators have reported that dietary protein may influence the intestinal absorption
of cadmium. Fitzhugh and Meiller (1) were the first to report that the toxicity of cadmium was
increased by a low-protein diet. Since then, abnormalities of the bone, liver, and blood have
been observed in animals given cadmium (orally or by injections) and fed a low-protein diet
(2,3)
. These abnormalities were not observed when the level of protein in the diet was relatively
high.

In short-term studies (i.e., days), Suzuki et al. (4) compared the effect of low- and high-protein
diets on the accumulation of cadmium in several tissues and observed higher levels of cadmium
in the liver, kidney, and whole body of mice fed low protein diets for 24 hr before and after an
oral dose of 115Cd. In long-term studies, rats fed low- or high-protein diets and drinking water
containing 50 ppm cadmium for 3 months were found to have significantly higher concentrations
of cadmium and metallothionein (MT) in the liver and kidney than those rats fed the high-protein
diet (5). These results suggest that the effect
of dietary protein may be associated with the length of exposure.
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Although ltokawa et al. (2) observed abnormalities of bone in rats fed cadmium and
low-protein diets for 30 days, bone cadmium was higher in rats fed the high-protein diet. Thus,
in relatively long-term studies, the tissue level of cadmium may be higher in animals fed a
high-protein diet, but the toxicity of cadmium may be greater in animals fed a low-protein diet.
These conflicting effects may be associated with the tissue level of MT. For example, MT
synthesis may be reduced in animals fed a low-protein diet (5),
which would allow cadmium to bind to other macromolecules (i.e., enzymes), thus increasing
the tissue toxicity of this element.

The present studies were performed to determine, in rats exposed to drinking water containing
different levels of cadmium, the importance of dietary protein and exposure time on the tissue
accumulation of cadmium and MT. The relationship of the tissue level ofMT to
cadmium-induced toxicity was also assessed. Since cysteine has been suggested as a factor
explaining the effect of dietary protein, studies were performed to determine its effect on
cadmium absorption and tissue accumulation.

Methods

Male rats of the Sprague-Dawley strain, approximately 3 months old, and weighing an average
of 150 g, were used. They were randomly divided into several groups and fed (ad libitum)
drinking water and purified diets as follows. Group A, the control group, was fed various control
diets [high-protein or low-protein (Table 1)] and deionized water. Groups B and C were fed,
respectively, a low-protein diet or high-protein diet and drinking water containing 5, 25, or 50
ppm cadmium. Group D was fed a low-protein diet with 400 gg of L-cysteine/g diet added and
drinking water containing 25 ppm cadmium. The rats were exposed to these diets and drinking
water for a total period of 4 months and at 1-month intervals; 96 rats from each experimental
group (i.e., 4 for each level of cadmium/group/time point) and 32 controls (i.e., 4 for each dietary
level) were killed by decapitation. The urine (collected directly from the bladder), heart, kidney,
and liver were then removed, and blocks of these tissues and urine were analyzed as follows.
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Table 1. Chemical composition of the various dista,

Ingredients in dict, %

Low protein Lovw High
Ingrisdisnt plus cysteine  proteim protein
Casein (vitamin fres) 5.5 5.5 75
Bucrose Z1.56 7.8 o
Caorn ail 5 5 5
Lard & 8 5§
L-Cyataima 0.04 0 0
Doxtrin 46.55 48.55 3.15
Mathionina 0.15 (I8 13 015
RP vitamin mixtares 20 20 2.0
Chaling chloridn 0.20 020 0.20
Mingral mixturet 5.0 5.0 5.0
Nonnutritive fber a0 a0 a0

(Sokka-floc)

sEnch diet contained the fellowing vitaminakyg of diet:
thinmine HCL, 20 mg; riboflavin, 20 mg niacin, 20 mg;
pyridexine HC], 30 mg; D-ealeium pantethenate, 60 mg; folic
acid, 4 mg; Debiotin, 0.4 mg inositel, 200 mg; metadions
sodium bisulfite, 20 mg; vitamin A asetats, 22 L witamin
Dy, 2.2 I and Dll-a-tocopherol acetate, 50 [LU kg,
kl¥iets were adjusted to contain the following mireral nutrf-
ents calcium, 0U75%; phosphorus, 0,48%; potassiam, (L46%;
sediim, 0.20%; mognesium, 0L085%; manganese, 65 mp'kn
iron, 50 mgfhky: zinc, 20 mg'kg; copper, 16 mg'kg; fuoride, &
mg'kg; cobalt, 3.2 mg'kg; chromium, 3 mg'kg; iodine, 0.6 mg'
kg molybdenum, 0.8 mg'kg; and selenium, 0.2 mghkg. The
content was 042% in the low.protein diet and
DAEE in the -protein diet. Cadmium in the diets was leas
than 0.04 pg's weight.

e

Table & Effect of dietary protein and drinking water cadmium on bedy weight at the end of 4 months of trealment.

By weaight, g=
Treatment group Initial Final Difference
Controls
Lavwr-pirodein 166 + 4 5= 8 4%
High-protein 163 = 3 vt I 170
Lew-profedn + 400 pg cyslaine 168 = 4 iz B TF
Experimental
5 ppm Cd, lew-prodein 148 = 4 W= & L
High-protein i62 + 3 316 = 11 167
5 ppen Cd, low-protein 163 = 2 206 = 8 5E
High-protein 160 = & 328 £ 16 168
B0 ppen C4, low-protokn 1656 = 1 196 = 5 40
High-protein 154 = 3 316 = 10 158
25 ppen low-protein +m5mm 151 = 2 ¥+ § T8

shdean + SEM for four rats per experimental group.
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Floure 1. Rats were fed a high- or low-protein diet and
drinking water containing B0 ppm eadmiom (as cadmiom
chlaridel, At sach time point, four rats from each group
were killed and the concentration of cadmium determined
in the kidney and liver. Resulis are expressed ns means
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Fisurre 2. Hata were foed a Bigh- or low-protein diet and
drinking waler conlaining 25 ppm cadmium (a8 cademium
chloride), At each time poini, four rats from each group
were Killed and the coneentration of eadmium determined
lnslhﬁdmm and liver, Resulta are oxproased &8 mpana
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Ficurg 3. Rats were fed a high- or low-prelein diel and
drinking water containing 5 ppm cadmium (a8 cadmium
chloride). At each time point, four rals from each group
were killed and the concentration of cadmium determined
in the kidney and liver. Resulls are exproased as means

+ SEM.
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Frouvre 4. Rats were fed the low-protein diet with L-cveteine
widddid (400 = g'g of diet) and drinking water conlaining 25
ppmn cadmium. At each time polnt, four rats from each
group wore killed and the concentration of cadmium was
determined in the kidney, Results are expreassd as means
= SEM. Data from Figare 2 were Included as a compari-

B,

5/7



Dietary Protein Effects on Cadmium and Metallothionein

1 FOT D HERY + Waes O

= % w0

¥ aiu = /‘_,-!lmiﬂ

& 1

= 3 i

5 .é - |"'

= = e

E / §uem 2 / .-"{”:"'

T s L - ____; 7

3 L __.-F'E_ :r\- _._.-" : _./""E

T 9 A 5 o0 e

I g e

i F L | ] v H] 3 -;
[TFSUEL T ey ERPFEURE TIMNE dred

Frovre 5. Metallothionein (MTh was determined in the liver and kidney (s diseussed in method sectbond from rats fed the high
or low protein diet and drinking water containing 25 ppm eadmium, Resulis are expressed as means = SEM,
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FizrRe 6. Metallothionesn (MT) was determined in the liver and kidney (as discussed in texth from rats fed the high- oF low-peotein
diet and drinking water containing 50 ppen cadmiam. Results are expressed os means = SEM.

Table 4. Effect of cadmium on catechol-0-methyliransferase (COMT) and metallothionein (MT) levels in the lung, heart
and liver from ruts given for 4 months, drinking waler containing 5 ppm cadmium and a high- or low-protein diet.

MT, ' wel weighls COMT, pmeole'mg proteintres
2 months 4 moniths 2 months 4 msonths
Treatment group Tissue EXpOAanE EXPOSLITE EXPOSITE EXpOsSUTE
Controls
Laow-protein Lung 00 = 0.07 0.13 = 00T 15 =2 1T =3
Liver T=3 W=xh 13 =18 15§ =18
Heart - - 24 =04 30 =02
High-protein Lung 010 = 008 01T = 0.10 4 =4 18 =3
Liver 1= 1.8 ¥ x8 4 =2 15§ =18
Heart —_ - 26 =03 3l =06
Experimental (50 ppm Cd)
Low-protein Lung 018 = D07 0.28 = 0.10° a1 =08 52 = LO¢
Liver 155 = 48¢ J68 = 35 83 =13 BT =2
Henrt 128 = 0.3* 073 = 0.15%
High-protein Lung 066 = 13 050 = 017" M = 12 =3
Liver 385 = 29¢ BE = THd 13 =4 1nm =2
Heart - -— 20 =04 21 =05
aMeans * SE for four rets'groupiime point
*p = 005,
tp o 0000
by o 0L0D)
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Table 5 Retention of WeCd in various lissues expressed as a percentage of initial dose.

190 retentbon, % of initial doss'g dryeeighie

4 hr 46 hr V2 br
Experimenial group Tirsae BEPOENE BEpOALTS X IS
High-protein diet Liver 048 = 014 0,48 = (.08 044 = 01l
Kidney 088 = 019 088 = 0,13 040 = 008
Gl irpect 05 = 15 OfF = 23 98 = 1.1
Low-protein dist Liver 069 = 1% 070 = 014 B8 = 0.19
Kidney 139 = 0.2l 120 = 017 080 = 0.10
G trnct o7 = 21 g7 =18 97 = 1.0
Low-protein Liver 066 = 013 060 = 019 053 = 047
diet plus Kidnay 1LER = M325 1.0 = D16 073 = 015
cysleine Gl truct B =23 84 = 1.0 83 = 1.7

slais were proviously fed the respective diets for 30 days prior to intubating a sofution containing M0 and the respective diets.
At the various time points, rats were killed and the liver, kidneys and gastrointestinal tract ﬁn:llﬂjmﬁeﬂmm slamack and
intestine, contents included) were lyophilized, weighed and mdicactively determined. The valoe shown at each time point
represent an average from six rata. The time points given are from the administration of initial dose. Values are the means = SEM.

anmmllrﬂ!bm mahievimnnl SR oot eweo o 8 roeerh i b imocondh o ia midriaduinlley omd Aot vt il iff aFah ko &
Table & Urinary excretion of 108Cd ns 0 percentage of the initin] doss in rats previously fod diots for 30 days with

different levels of protedn.
1 xereted, % of initial doass
24 hr 44 hr T2 hr

Treatmant after nfter after
Frap ExXpodune Pl ERpOELTE
Lqmpralﬂp 003 = QUi O = g QR = 0010
High-protein 005 = QuDLD® 00 = (uT 0,03 = 0.013
Losw-protein plus cysleine 007 = 0.010° 003 = udis 0,03 = 0.015

wMenn = SEM for six rats

*p < 0.06,

o< 0,01,
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