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Influence of time period of cadmium intoxication
on the concentrations of ascorbic acid selenium in certain
tissues and blood serum of rats

Cadmium is a harmful substance. It mainly cnters the organism through the alimen-
tary tract and by way of respiration. Most cadmium is found in the kidneys, liver and
bones. Cadmium 1is stored in the liver by low molecular-weight proteins -
metallothioneins — which are characterized by relatively high cystein content. If cadmium
levels exceed the metallothioneins’ binding ability it can then threaten various cells (12,
15). Cadmium’s toxic activity is associated first of all with its influence on the metabolism
and function of many important bioelements. Interactions between these bioelements and
cadmium can occur at various stages such as absorption, transport and excretion — impor-
tant biological functions of the cell. The fact that cadmium and calcium have similar
electron structures can influence absorption of calcium from the alimentary canal, which
can lead to reduced biogenic amine synthesis.

Cadmium is a biological antagonist to zinc. Cadmiumy/zinc interactions can interfere
in those metabolic processes that are zinc regulated, mainly the cellular production of
DNA, RNA, proteins and enzymes. In the event of acute toxicity, an increase in peroxi-
dase dysmutase has been observed in lungs and liver (14). In cases of chronic toxicity,
this enzyme’s activity has been observed to be decreased or unchanged. Cadmium ab-
sorption can be influenced by the presence of calcium, iron, zinc, copper, manganese and
selenium as well as vitamins C and D (2). Supplementation with these bioelements and
vitamins can limit dangerous effects of cadmium on the organism. Ascorbic acid can bind
toxic cadmium ions in the form of complexes and remove these complexes from the or-
ganism (4).

Selenium can prevent the cadmium-influenced degeneration of the cell nucleus. In
erythrocytes and certain tissues, glutathione peroxide, which contains selenium as a pros-
thetic group, is responsible for the morphological and functional changes caused by cad-
mium (1). Negative effects of cadmium on a series of metabolic processes and reports
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In the case of blood serum, the decrease in vitamin C concentration was greater when
the concentration of cadmium increased. However, no major changes in vitamin C con-
centration occurred when intoxication periods varied.

Tablel. Cadmium influence on tissue ascorbic acid

Ascorbic acid concentrations
Tested g/g of tissue
tissues after 3 weeks of intoxication after 6 weeks of intoxication
group | group II group III group IV group V group VI

Liver *192.0+£44.2 | *267.7£42.9| 334.64+56.9 | *183.7+£34.9 | *209.6+37.7 | 244.8+514
Kidney 66.9+13.4 64.6+£16.8 69.7+13.2 63.2+15.2 62.3+13.1 65.3+14.4
Spleen 60.6+13.3 68.1+!7.1 65.0+13.7 65.8+171 68.3+16.4 66.6+18.0
Heart *53.7£19.4 60.6+£13.3 69.0£16.6 *41.6+10.8 55.5+12.8 57.7+£14.4
Brain *22.8+5.3 25.2+5.7 29.9+7.5 *20.7x5.4 26.1£5.0 29.2+6.4
Femoral *19.5+4.9 21.1+4.0 26.3+6.8 *18.6+5.1 19.443.7 27.1+6.2
muscle

Group I and IV - cadmium 300 mg/dm?, group Il and V - cadmium 100 mg/dm?, group I and VI - control.

The greatest drop in vitamin C levels occurred in the liver tissue. In the case of this
tissue, higher cadmium concentrations and longer intoxication periods very clearly cause
decrease in levels of vitamin C. These results were statistically significant when both of
the experimental cadmium concentrations were administered for 3- and 6-week intoxica-
tion periods. In kidney and spleen, no vitamin C concentration changes were observed in
the tested animals. In the case of heart, thigh muscle and brain tissues, only greater
cadmium concentrations caused a statistically significant decrease in vitamin C concentra-
tions. Longer periods of intoxication resulted in slight changes in vitamin C levels. This
may be due to the fact that the rat has the ability to synthesize this vitamin. Intoxication
may cause an increase in vitamin C synthesis, therefore changes in its concentration took
place only in certain tissues when cadmium concentration was increased.

Our results indicate that cadmium levels and periods of intoxication both influence
tissue selenium concentrations (Table 2).

Decreased selenium levels were most obvious in kidney tissue and were statistically
significant at both lower and higher cadmium doses administered to the animals. In liver,
selenium concentration was mainly dependent on the level of cadmium administered and
was statistically significant at higher concentrations of this element. In thigh muscle, sele-
nium concentration reductions were dependent on cadmium concentration levels and
length of intoxication periods. The period of intoxication influenced selenium concentra-
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Table 2. Cadmium influence on selenium concentration in certain rat’s tissues

Tested After 3 weeks of intoxication After 6 weeks of intoxication

tissues group | group I1 group HI group IV group V group VI
Liver *189+ 36 560+42 580+48 *108+24 50640 573+46
Kidney *150+28 *845+73 1073£96 *102+18 *330+38 840+82
Femoral *108+24 *175428 243+49 *104+30 *155+34 220+46
muscle

Group | and IV - cadmium 300 mg/dm?, group Il and V - cadmivm 100 mg/dm?, group I and VI - control.

tion levels to a small extent in all of the tested tissues. This perhaps was associated with
the presence of adaptation mechanisms in the affected animals.

DISCUSSION

According to the literature, kidney tissue is especially sensitive to cadmium activity
and accumulation of this element leads to renal tubule dysfunction (9). In experimental
animals with cadmium-induced liver and kidney damage, altered zinc and copper metabo-
lism has been observed, which is the earliest indicator of cadmium’s nephrotoxicity (6).
Cadmium intoxication decreases the activity levels of various enzymes. This process is
reduced to a certain extent by supplementation. For example, in the presence of magne-
sium, cadmium reduced amino-acyl tRNA synthetase activity (11).

Cadmium causes liver and kidney damage. Damage to these organs leads to increased
levels of alanine aminotransferase and malate dehydrogenase and proteins. In the case of
both of these tissues, cadmium caused an increase in lipid peroxidase. Administration of
antioxidants along with cadmium in the first phase of intoxication protected the animals,
to a great extent, from inflammation and poisoning (14).

Vitamin C decreases the toxic effects of cadmium, which is demonstrated by lipid
peroxidase assays (5). In cases of cadmium intoxication, increased lipid peroxidation was
observed, however administration of cadmium together with vitamin C resulted in signifi-
cantly reduced lipid peroxidation.

During the course of cadmium intoxication other elements play a significant role in
its activity, either increasing or eliminating it (2, 3, 8).

Ognjanovic has observed results similar to ours (10). Furthermore, he also as-
sayed the activities of vitamin E and antioxidative enzymes in the livers of cadmium-
intoxicated rats, selenium-intoxicated rats as well as rats intoxicated with both cadmium
and selenium together. He stated that cadmium intoxication resulted in reduced SOD,
catalase and peroxidase activities as well as decreased vitamin E concentrations. Sele-
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nium acted as an antagonist and increased SO and catalase activities as well as vitamin C
and E concentrations. In cases of simultaneous cadmium/selenium administration, cad-
mium activity was significantly limited.

CONCLUSIONS

1. Cadmium intoxication caused reductions in vitamin C concentra-
tions in blood serum and tested tissues. These changes were dependent on
the intensity of intoxication and type of tissue tested. Period of intoxica-
tion influenced vitamin C concentration to a small extent.

2. Selenium tissue concentration decreased under the influence of cad-
mium in a manner dependent on the intensity and period of intoxication.
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SUMMARY

Ascorbic acid and selenium are important antioxidants for the reactive forms of oxy-
gen. The purpose of these experiments was to determine the influence of various concen-
trations of cadmium on ascorbic acid and selenium concentrations in certain tissues of
rats. The results showed that cadmium, added to rats’ feed, influenced the concentration
of ascorbic acid in blood serum and tested rats’ tissues. Cadmium influenced the concen-
tration of selenium in certain tissues as well. Furthermore, it has been demonstrated that
ascorbic acid and selenium concentrations are dependent on the type of tissue tested as
well as on the size of cadmium concentrations and length of the experiments.

Wplyw czasu intoksykacji kadmem na st¢zenie witaminy C i selenu
w wybranych tkankach i surowicy szczuréw

Kwas askorbinowy i selen spelniajg wazna role¢ jako antyoksydanty w unieczynnia-
niu reaktywnych form tlenu. Celem przeprowadzonych do$wiadczef bylo wykazanie wply-
wu roéznych stezenn kadmu na stezenie kwasu askorbinowego i selenu w wybranych tkan-
kach szczuréw. Uzyskane wyniki wykazaly, ze kadm podawany w pozywieniu wplywatl na
stezenie kwasu askorbinowego w surowicy krwi i badanych tkankach szczuréw. Kadm
wplywal réwniez na tkankowe st¢zenie selenu w wybranych tkankach. Stezenia kwasu
askorbinowego i selenu zalezaly od rodzaju badanej tkanki, jak rowniez od st¢zenia poda-
wanego kadmu oraz czasu intoksykacji.



