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Abstract

Novakova J., D. Danova, K. Striskova, R. Hromada, H. Mic¢kova, M. RabiSkova:
Zinc and Cadmium Toxicity Using a Biotest with Artemia franciscana. Acta Vet. Brno 2007, 76:
635-642.

Of the various toxic elements heavy metals, particularly cadmium, lead, mercury and zinc,
occur frequently in the environment due to their relatively high industrial use. While the toxicity
of individual substances is usually well known, information about their mutual interactions is
relatively scarce. In animal experiments the prevailing trend is to substitute higher vertebrates
with biotests of the 2" generation. Our experiment focused on observation of the effect of
combinations of ZnSO,.7H,0 and CdCl,.2H,O on lethality to Artemia franciscana. The aim of
the study was to observe the synergistic or antagonistic effects of these two metals.

Depending on concentration, cadmium may increase or decrease the toxicity of zinc. At higher
concentrations of CdCl,.2H,0 exceeding 100 mg-1" one can observe obvious synergistic toxic
effects of both the substances. Our observations allowed us to conclude that the use of optimum,
relatively low concentrations of cadmium (up to 50 mg-1" CdC1,.2H,O) results in a significant
decrease in lethality to Artemia franciscana caused by ZnSO,.7H,0 at concentrations of 50, 100
a250 mgl'.

Artemia franciscana, crustacean, cadmium, lethality, nauplii, zinc

Modern civilization together with increased industrial activities brought gradual
redistribution of a number of toxic elements from the terrestrial crust into the environment
and thus increased the potential exposure of humans and animals. With increasing
pollution also the interest arises in consequences of the action of xenobiotics, including
hazardous chemical elements, on live organisms (Kovalkovicova et al. 2000; EliaSova
et al. 2003; Beyer et al. 2005; Obi et al. 2006; Zakova et al. 2006). Of the various toxic
elements heavy metals, particularly cadmium, lead, mercury and zinc occur frequently in
the environment due to their relatively high industrial use. The presence of these elements
in tissues reflects the contact of organisms with their environment (Pechova et al. 1998).
They belong to cumulative poisons that are toxic at low doses. The metabolism and toxicity
of these elements depend to a considerable degree on their interactions with essential
elements that are necessary for the nutrition of live organisms, such as calcium, zinc, iron,
selenium, copper, chromium and manganese.

From the viewpoint of water pollution observation it is suitable to focus on the
examination of water plankton. This may include observation of direct pollution of aqueous
environment, i.e. the effect of pollutants on plankton and its organisms, or observation of
accumulation of pollutants in the food chain, as plankton constitutes its lower links.

Cadmium belongs to heavy metals widely distributed in the environment. It is present
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in trace amounts in the oceans and in a wide range of plant and animal species. In
nature, it is found together with zinc at a ratio of 1 : 100, or even 1 : 1000. It is obtained
as a by-product of refining. Cadmium compounds are used in the electroplating of
metals, alkaline batteries or in compounds with other metals. Relatively high quantities
of cadmium are present in phosphate fertilisers (from some locations), which increase
the concentration of cadmium in soil and plants. Cadmium is an element highly toxic to
organisms living in the aqueous environment (Korénekova et al. 2002; Drastichova
et al. 2004). This is only one of the reasons why the crustacean Artemia franciscana
is a suitable subject of these studies. The current trend in toxicology is the reduction
of experiments on higher vertebrates. One of the possibilities is the use of alternative
biotest of the 2" generation performed on A. franciscana (Dvotak 1995; Dvotak
and Benova 2002). For conducting detailed observations the prolonged 10-day biotest
is a more suitable alternative (Dvofak et al. 2005). With regard to the taxonomic
revisions in nomenclature of the order Artemia, the majority of older studies referred
to this species as Artemia salina.

Zinc is one of the elements that can decrease the toxicity of orally administered cadmium
and its effect can be observed in competition with cadmium in certain transportation
systems as well as at binding sites on metallothionein (McDowell 1992; Barata et al.
2002; Seebaugh and Wallace 2004).

Zinc and cadmium do not occur in the organism separately but they are bound to
metallothionein - an intracellular, low-molecular protein rich in cysteine. Only after
blocking all binding sites on this protein, the metals pass to the blood and tissues as free
ions and cause intoxication. Under the action of medium and low concentrations of zinc
and low concentrations of cadmium the metallothionein synthesis increases within several
hours, which in turn increases the binding capacity of heavy metals (Barata et al. 2002;
Trinchella et al. 2006).

However, if the time for metallothionein synthesis is insufficient due to parallel
administration of zinc and cadmium, statistically significant changes in the influence of
zinc on the prevention of cadmium toxicity can not be observed (Hua-Luo et al. 2002;
Martinez et al. 1999).

The aim of the present study was to observe synergistic and antagonistic effects of
cadmium and zinc in the form of water-soluble salts of zinc sulphate and cadmium chloride
on lethality to Artemia franciscana.

Materials and Methods

The experiment was carried out employing a 10-day biotest (Dvoiak etal. 2005). We used Artemia franciscana
hatched in sea-water (Dvotak 1995). Ten freshly hatched nauplii were placed into polystyrene Petri dishes, 60
mm in diameter, and the total content of sea-water was 10 ml including the sample. 4. franciscana were provided
glucose as an additional feed (Dvofak et al. 2005). During the experiment we used solutions of cadmium chloride
(CdCl,.2H,0) at concentrations of 5, 10, 15, 25, 50, 100 and 250 mg and of zinc sulphate (ZnSO,.7H,0) at
concentrations of 50 mg, 100 mg and 250 mg. All solutions used in our experiments were prepared in sea-water.
The study was conducted on 27 experimental groups and one control group (pure sea-water).

In every experiment we used 50 A. franciscana divided into 5 individual groups (dishes), 10 A. franciscana in
each. Therefore 1,400 individual 4. franciscana were used in the study. Petri dishes were placed into a thermostat set
to the temperature of 20 + 1 °C. During the subsequent 10 days the live A. franciscana were counted once in 24 h.

As we were interested in the synergistic or antagonistic effects of the selected chemical substances, we
compared the results obtained in the experimental groups (marked in our case Zn 50, Zn 100 and Zn 250) and
evaluated them statistically. In order to eliminate the distant values we used the Dean-Dixon test. The significance
of differences between individual 4. franciscana groups was tested (Wayland and Hayes 1991).

Results

Fig. 1 and tables include the control group that was not exposed to any chemical
substance added artificially to the aqueous environment because the lethality in this
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Table 1. Experimental 4. franciscana were divided to 27 group even after 240 h was
experimental groups as follows lower than 20%. This condition
Identification of groups Concentration of Concentration of must be met mn (}rder to evaluate
CdCL2H,0 (mgl") | ZnSO,7H,0 (mgl") |the test (Dvoiak et al. 2005).
Cds 3 0 All other results are presented
Cd10 10 0 in Tables 2 and 3 and in Fig.
Cd25 25 0 1. For both separately acting
Cds0 50 0 zinc (Zn 50, Zn 100 and Zn
Cd100 100 0 250) and cadmium (Cd 5 to Cd
Cd250 250 0 250) the relationship between
7Zn50 0 50 lethality and concentration is
Zn100 0 100 obvious. These groups served
71250 0 250 as comparison groups for the
Zn50Cd5 5 350 studies of mutual interactions.
Zn50Cd10 10 50 Assignificant  increase  in
Zn50Cd25 25 50 lethality compared to the first
Zn50Cd50 50 50 zinc exposure (Zn 50) was
Zn50Cd100 100 50 observed on day 8 of observation
Zn50Cd250 250 50 with the combination Zn50Cd50,
Zn100Cd5 5 100 on days 6 to 8 with the
Zn100Cd10 10 100 combination Zn50Cd100 and on
Zn100Cd25 25 100 days 3 to 8 with the combination
Zn100Cd50 50 100 Zn50Cd250.
Zn100Cd100 100 100 Asignificant  decrease  in
Zn100Cd250 250 100 lethality compared to the lowest
Zn250Cd5 5 250 zinc exposure group (Zn 50)
Zn250Cd10 10 250 was recorded on days 9 and 10
Zn250Cd25 25 250 with  combination Zn50Cd5
Zn250Cd50 50 250 and on day 6 with combination
Zn250Cd100 100 250 Zn50Cd10.
7n250Cd250 250 750 A significant  increase in

lethality compared to the
second zinc exposure group (Zn 100) was observed on day 4 with combinations
Zn100Cd25 and Zn100Cd50, on days 3 to 6 from the beginning of the experiment
with the combination Zn100Cd100 and on days 2 to 8 with the combination
Zn100Cd250.

A significant decrease in lethality compared to the second zinc exposure group (Zn 100)
was detected on days 5 to 10 with combinations Zn100Cd5 and Zn100Cd10 and on days 7
to 10 with combinations Zn100Cd25 and Zn100Cd50.

A significant increase in lethality compared to the third zinc exposure group (Zn 250)
was observed on days 3 to 6 with combination Zn250Cd100 and as early as on days 2 to 7
with combination Zn250Cd250.

A significant decrease in lethality compared to the third zinc exposure group (Zn 250)
was recorded on days 6 to 10 with the combination Zn250Cd5, on days 7 to 9 with the
combination Zn250Cd10, 6 to 9 with the combination Zn250Cd25 and 7 to 8 with the
combination Zn250Cd50 (Tables 2 and 3).

Other differences were statistically non-significant.

The effect of interactions of low cadmium concentrations (Cd 5, Cd 10 and Cd 25)
is illustrated in Fig. 1. This graph indicates that the toxicity of individual concentrations
of zinc is decreased by low concentrations of cadmium used in optimum concentration
combinations.
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Table 2. Lethality to Artemia franciscana (%) resulting from single action either of cadmium chloride
(CdCl,.2H,0) or zinc sulphate (ZnSO,-7H,0) in dependence on the time of action

Time (h) 24 48 72 96 120 144 168 192 216 | 240

X 0 0 0 0 0 0 6 6 6 8

Control n 5 5 5 5 5 5 5 5 5 5
SD 0 0 0 0 0 0 43 43 43 43

X 0 0 0 0 0 2 18 18 20 24

Cd5 n 5 5 5 5 5 5 5 5 5 5
SD 0 0 0 0 0 4.3 4.3 4.3 0 8.6

X 0 0 0 0 4 10 16 16 24 56

Cd10 n 5 5 5 5 5 5 5 5 5 5
SD 0 0 0 0 4.3 0 4.3 4.3 4.3 8.6

X 0 0 0 0 0 2 28 36 50 80

Cd25 5 5 5 5 5 5 5 5 5 5
SD 0 0 0 0 0 4.3 4.3 8.6 4.3 8.6

0 2 4 6 14 50 58 68 76 86

Cds50 5 5 5 5 5 5 5 5 5 5
SD 0 4.3 4.3 43 4.3 8.6 4.3 12.9 86 | 129

X 0 2 18 24 32 80 94 98 100 {100

Cd100 n 5 5 5 5 5 5 5 5 5 5

SD 0 4.3 4.3 8.6 8.6 17.2 12.9 4.3 0 0

X 0 6 22 62 78 96 98 100 100 {100

Cd250 n 5 5 5 5 5 5 5 5 5 5

SD 0 4.3 4.3 12.9 12.9 4.3 4.3 0 0 0
X 0+ 0+ 0+ 0+ 16+ 28+ 46+ 50+ 96+ [100+

Zn50 n 5 5 5 5 5 5 5 5 5 5

SD 0 0 0 0 43 8.6 8.6 43 4.3 0
X 0 0 0 0 10 18 36 46 78* | 86*

Zn50Cd5 n 5 5 5 5 5 5 5 5 5 5
SD 0 0 0 0 4.3 8.6 8.6 8.6 43 8.6

X 0 0 0 0 6 12%* 44 64 84 96

Zn50Cd10 n 5 5 5 5 5 5 5 5 5 5
SD 0 0 0 0 4.3 43 8.6 12.9 12.9 43

X 0 4 4 6 10 18 36 50 88 98

Zn50Cd25 n 5 5 5 5 5 5 5 5 5 5
SD 0 43 43 4.3 0 43 8.6 43 12.9 43

(+*) differences between the values marked with the same symbol were significant (o = 0.05)
n  number of Petri dishes, each containing 10 nauplii

x  arithmetical mean
SD standard deviation

Discussion

Cadmium is an element highly toxic to live organisms (Korénekova et al. 2002). Its
toxicity was described also for organisms living in the aqueous environment (Drastichova
et al. 2004). For this reason it appeared advantageous to use the crustacean A. franciscana
in our experiments (Dvotak 1999). The alternative 10-day biotest was used for the first
time to examine the mutual interactions of toxic elements. Its main advantage is the limited
influence of biological variability, i.e. random results. Our study was conducted on a large
number of experimental crustaceans (28 groups, 50 in each, i.e. 1,400 4. franciscana). An
experiment of similar extent can hardly be conducted on higher vertebrates or it would
require extraordinary expenses.
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Table 3. Lethality to Artemia franciscana (%) resulting from single action either of cadmium chloride

(CdCl,.2H,0) or zinc sulphate (ZnSO,.7H,0) in dependence on the time of action

Time (h) 24 48 72 96 120 144 168 192 216 | 240
X 0 0 6 10 22 32 58 76 90 94
Zn50Cds0 n 5 5 5 5 5 5 5 5 5 5
SD 0 0 4.3 43 4.3 8.6 4.3 17.2 8.6 4.3
X 0 0 2 4 18 50% 70% 88* 100 100
Zn50Cd100 n 5 5 5 5 5 5 5 5 5 5
SD 0 0 43 43 43 8.6 172 12.9 0 0
X 0 6 42* S4% 98* 100* 100* 100* 100 100
Zn50Cd250 n 5 5 5 5 5 5 5 5 5 5
SD 0 43 12.9 8.6 4.3 0 0 0 0 0
X 0+ 0+ 0+ 0+ 22+ 40+ 70+ 78+ 88+ | 100+
Zn100 n 5 5 5 5 5 5 5 5 5 5
SD 0 0 0 0 8.6 8.6 172 8.6 8.6 0
X 0 0 0 0 0* 10* 10* 18* 42% S4%
Zn100Cds5 n 5 5 5 5 5 5 5 5 5 5
SD 0 0 0 0 0 43 43 43 8.6 172
X 0 0 2 2 6* 12* 16* 22* 56* 74*
Znl100Cd10 n 5 5 5 5 5 5 5 5 5 5
SD 0 0 43 43 43 43 8.6 8.6 172 172
X 0 4 10 14* 14 26 26* 38* 66* 8%
Zn100Cd25 n 5 5 5 5 5 5 5 5 5 5
SD 0 43 0 4.3 8.6 8.6 8.6 8.6 172 17.2
X 0 0 10 14* 14 24 28% 36* 70% 86*
Zn100Cd50 n 5 5 5 5 5 5 5 5 5 5
SD 0 0 8.6 43 43 43 8.6 129 8.6 8.0
X 0 2 26* 34* 40* 68* 76 80 92 96
Zn100Cd100 | _n 5 5 5 5 5 5 5 5 5 5
SD 0 43 12.9 8.6 8.6 12.9 12.9 17.2 8.6 8.6
X 0 52% 96* 96* 98* 100* 100* 100* 100 100
Zn100Cd250 | _n 5 5 5 5 5 5 5 5 5 5
SD 0 129 4.3 4.3 4.3 0 0 0 0 0
X 0+ 0+ 14+ 14+ 24+ 42+ 84+ 100+ 100+ | 100+
Zn250 n 5 5 5 5 5 5 5 5 5 5
SD 0 0 4.3 4.3 4.3 8.6 12.9 0 0 0
X 0 2 8 10 16 18* 20* 42* 74* 78*
Zn250CdS n 5 5 5 5 5 5 5 5 5 5
SD 0 4.3 43 0 43 4.3 4.3 8.6 17.2 172
X 0 2 22 24 26 32 40* 58* 8% 88*
Zn250Cd10 n 5 5 5 5 5 5 5 5 5 5
SD 0 4.3 8.6 4.3 43 8.6 4.3 17.2 17.2 17.2
X 0 4 6 12 18 20* 36* 52% 82* 90
Zn250Cd25 n 5 5 5 5 5 5 5 5 5 h]
SD 0 4.3 43 4.3 43 0 8.6 17.2 8.6 8.6
X 0 0 22 26 32 44 48* 82* 94 96
Zn250Cd50 n 5 5 5 5 5 5 5 5 5 5
SD 0 0 8.6 8.6 12.9 8.6 17.2 8.6 4.3 4.3
X 0 6 36* 56* 68* 76* 86 98 98 100
Zn250Cd100 |_n 5 5 5 5 5 5 5 5 5 5
SD 0 8.6 43 8.6 12.9 172 12.9 43 43 0
X 0 S8% 96* 100* 100* 100* 100* 100 100 100
Zn250Cd250 |_n 5 5 5 5 5 5 5 5 5 5
SD 0 8.6 4.3 0 0 0 0 0 0 0

(+*) differences between the values marked with the same symbol were significant (o = 0.05)
n  number of Petri dishes, each containing 10 nauplii

X arithmetical mean
SD standard deviation
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Fig. 1. Lethality to Artemia franciscana (%) resulting from combinations of cadmium chloride (CdCl,.2H,0) and
zinc sulphate (ZnSO,.7H,0)

It has been recognised that zinc is one of the elements that can decrease the toxicity of orally
administered cadmium. Its effect has been observed in competition with cadmium in certain
transport systems or for binding sites on metallothionein (McDowell 1992; Barata et al.
2002; Seebaugh and Wallace 2004). Zinc has a favourable effect on liver cells, protecting
them against damage and helping to preserve membrane integrity through direct action on free
radicals. When administered before or together with cadmium, it can protect kidneys against the
nephrotoxic effect of cadmium without decreasing its level in this organ.

Zinc and cadmium do not occur alone in the organism but they are bound to
metallothionein - an intracellular, low-molecular protein rich in cysteine. Only after all
binding sites on this protein become occupied, the metals pass to blood and tissues as
free ions and cause intoxication. Under the action of medium and low concentrations of
zinc and low concentrations of cadmium the metallothionein synthesis increases within
several hours which results in the increase of binding capacity for heavy metals (Barata
et al. 2002; Trinchella et al. 2006). However, if the time for metallothionein synthesis
is insufficient due to parallel administration of zinc and cadmium, one may observe no
significant preventive effect of the addition of zinc on toxicity of cadmium (Hua et al.
2002; Martinez et al. 1999).

Studies of many authors indicated that the relationship between cadmium and zinc is

important for the toxicology of cadmium (Dvotak 1999). The protective role of higher
uptake of zinc during cadmium intoxication and higher accumulation and toxicity of
cadmium during zinc deficiency suggest that the metabolism and effect of cadmium on the
organism may be modified by regulation of the zinc uptake.
_ Additional multiple interactions can also play an important role. The study by Dvotak and
Sucman (1996) reported interactions between cadmium chloride, potassium dichromate
%Sr radionuclide and polychlorinated biphenyls. The paper mentioned predominantly only
synergistic, toxicity-increasing effects.
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Contrary to the studies mentioned above, our experiments indicate that mutual
combinations of individual concentrations of both elements are of decisive importance,
i.e. suitably low concentrations of cadmium can also decrease toxicity of zinc which is an
observation that has not been reported before. Toxicological hormesis can also be important
with regard to the final effect (Betiova et al. 2007).

In conclusion, relatively high concentrations of zinc and cadmium resulted in a synergistic
effect of these two metals. However, at suitable combinations of zinc and cadmium
concentrations and elapse of sufficient time after the onset of action of these substances,
a significant decrease in their lethality to A. franciscana was observed.

Vplyv interakeii roznych koncentracii zinku a kadmia na letalitu Artemia franciscana

Medzi réznymi toxickymi prvkami sa tazké kovy, najmd kadmium, olovo, ortut
a zinok, obvykle vyskytuji v zivotnom prostredi v désledku ich pomerne vysokého
priemyselného pouzitia. Zatial’ ¢o toxicita jednotlivych latok je zndma, ich vzdjomné
interakcie st zname pomerne malo. V experimentoch sa s maximalnou moznou mierou
nahradzaju vysSie stavovce biotestami II. generacie. V naSom experimente sme sle-
dovali uc¢inky kombindcii ZnSO,.7H,0 a CdCl1,.2H,O na letalitu Artemia franciscana.
Ciel'om pokusu bolo sledovanie synergickych alebo antagonistickych ucinkov tychto
dvoch kovov.

V zavislosti na koncentracii, méze kadmium zvySovat’ i znizovat’ toxicitu zinku. U vysSich
koncentracii CdCL,.2H,O nad 100 mg-I"' je viditelny synergicky toxicky ucinok oboch latok.
Z pozorovania vsak mézeme usudit, Ze pri pouziti optimalnych, relatlvne nizkych koncentracii
kadmia (do 50 mg1' CdCL,.2H,0) dochidza k vyraznému znizeniu letality Artemia francis-
cana spdsobeného ZnSO,.7H,0O v koncentracidch 50, 100 a 250 mg-1".
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