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Abstract
Hexavalent chromium [Cr (VI)] is a constituent of chromite ore. Although it is known to have
several industrial and technological applications, its release into the aquatic environment as a
result of chemical spill or inadequate waste discharge may hamper the health of aquatic
organisms. In this study, we have investigated the effects of Cr (VI) on multiple biomarkers
responses in goldfish under sub-chronic exposure conditions. Laboratory-acclimatized fish were
exposed to 4.25 ppm and 8.57 ppm Cr (VI) for four weeks using a continuous flow-through
system. During exposure, fish samples were collected on a weekly basis and analyzed for multiple
biomarkers including catalase (CAT), superoxide dismutase (SOD), glutathione peroxidase (GPx),
metallothionein (MT), and total protein in liver and kidney. Study results indicated that the CAT
activity and total protein levels in Cr (VI) – treated goldfish did not significantly differ (p>0.05)
from their respective controls during experimentation. However, highly significant up-regulations
(p<0.05) of SOD, GPx, and MT expression in Cr (VI) – treated goldfish were recorded at different
exposure times depending on Cr (VI) concentration, test organ, and/or biomarker of interest. For
example, significantly higher liver GPx levels were found at weeks 2 and 3 in the 4.25 ppm
concentration, and at weeks 3 and 4 in the 8.57 ppm, while kidney GPx levels were significantly
higher at weeks 1, 2 and 3 in the 4.25 ppm concentration, and at weeks 2, 3 and 4 in the 8.57 ppm
concentration. In summary, Cr (VI)-induced oxidative stress was characterized by statistically
significant increases in SOD, GPx, and MT expression in goldfish tissues; with the kidney
showing a relatively higher sensitivity to Cr (VI) toxicity compared to the liver.
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INTRODUCTION
Chromium is a ubiquitous element in the earth crust. It exhibits various oxidation states;
among which, the trivalent (Cr (III)) and hexavalent (Cr (VI)) forms are most common. Cr
(VI) has diverse applications in various industries including chemical, refractory and
metallurgical industries. Inadequate treatment of effluents from these industries during the
processes of leather tanning, electroplating, steel manufacturing, burning of fossil fuels and
cooling towers releases Cr (VI) into the surrounding water bodies (Palmer et al., 1991). This
release may hamper the health of aquatic organisms (Torrey et al., 1978; Hattingh et al.,
1977; Elwood et al., 1980).
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Cr (VI) has more potential to cross the cellular membranes and is reduced to Cr (III) in
biological systems (Hneihen et al., 1993). During this chemical process, reactive oxygen
species (ROS) are generated (Wilbur et al., 1988). As result, the biological system induces
antioxidants such as catalase (CAT), superoxide dismutase (SOD) and glutathione-related
enzymes to combat the increased levels of ROS. Failure to mitigate the attack of ROS leads
to development of oxidative stress (Halliwell et al., 2007a; Halliwell et al., 2007b).
Antioxidants enzymes serve as excellent biomarkers to study oxidative stress in aquatic
organisms. Various studies have been conducted to measure the antioxidant levels as early
biomarkers to assess the oxidative stress (Sridevi et al., 1998; Bagchi et al., 1997; Lopes et
al., 2001). In a more recent study, Robert and Oris (2004) investigated a number of
biomarkers including biochemical, transcriptional and histological markers in rainbow trout
in response to chromium toxicity. Arillo et al., (1988) also pointed out that Cr (VI) induces
alterations in oxidative function of mitochondria in trout fish at micro molar concentrations.
In Tilapia sparrmanii it has been reported to cause thrombocytopenia by depleting
thrombocytes in blood (Van Pittius et al., 1992). It has also been found to inhibit ion-
transporting ATPases in gills, kidney and intestinal tissues of the coastal teleost,
Periohthalmus dipes (Thaker et al., 1996). In vitro studies of goldfish hepatocytes have
reported that acute Cr (VI) exposure significantly reduces cell viability and stimulates
production of ROS to induce oxidative stress (Krumschnabel et al., 2004). Arunkumar et al.
(2000) have reported that the Cr (VI) is more toxic and suppresses immune response more
significantly compared to Cr (III).

Although oxidative stress has been linked to Cr (VI) toxicity, additional scientific data is
needed to further understand the cellular and molecular mechanisms, as well as the toxico-
kinetics and toxico-dynamics of its harmful effects to aquatic organisms. Therefore, this
research provides valuable information on tissue-specific toxicity of Cr (VI) through assays
that determine its ability to induce oxidative stress and alteration of protein expression in
goldfish under sub-chronic exposure conditions.

MATERIALS AND METHODS
Chemicals

Potassium dichromate with a purity of ≥ 99.5%, ethanol, chloroform, formaldehyde,
mannitol, ethylene glycol tetraacetic acid (EGTA), sucrose, 5,5′- dithiobis (2-nitrobenzoic
acid) (DTNB), reduced glutathione, ethylenediaminetetraacetic acid (EDTA), 2-
Phenoxyethanol, dimethyl sulfoxide, methanol, xylene, 10% formalin, Tris borate
electrophoresis (TBE) buffer, protease inhibitor cocktail, dithiotreitol (DTT), b-
mercaptoethanoln, sodium chloride (NaCl), hydro chloric acid (HCl) and human albumin
were purchased from Sigma-Aldrich (St Louis, MO, USA). Phosphate buffered saline (PBS)
was purchased from Trevigen Inc., (Gaithersburg, MD, USA). Heparin was purchased from
Fisher Scientific (Suwanee, GA, USA). Catalase assay kit, superoxide dismutase assay kit,
glutathione peroxidase assay kit, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
(HEPES) buffer, potassium phosphate and Tris-HCl were purchased from Calbiochem (San
Diego, CA, USA).

Test Animals and Chromium Exposure
Goldfish, Carassius auratus, with an average weight of 17.4 ± 4.5 g and average length of
9.0 ± 0.6 cm were purchased from a local commercial store in Jackson, Mississippi. More
than 210 fish were acclimatized to the laboratory conditions for 15 days in 2 glass aquaria of
150 L capacity each. During the acclimatization, the fish were fed with flakes food twice a
day. A photoperiod of 12h light and 12h dark was maintained. The laboratory-acclimatized
fish were used for chromium exposure.
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Fish were exposed to Cr (VI) under sub-chronic conditions for a period of four weeks in a
continuous flow through system. Chemical estimations were derived from a previous study
in which we found that the 96h-LC50 of Cr (VI) for goldfish was 85.7 ± 4.8 mg/L (Velma
and Tchounwou, 2008). During the sub-chronic exposure, the fish were exposed to 5% of
96h-LC50 (4.28 ppm) and 10% of 96h-LC50 (8.57 ppm). A control group of fish was also
made without chromium exposure. Filtered and aerated tap water was used for control and
treatment aquaria through out the experiment. The acclimatized fish were separated into 3
groups including control, 5% of 96h-LC50 and 10% of 96h-LC50. Each treatment had 70 fish
in a glass aquarium of 150 L capacity. The fish were fed twice a day during the exposure
and photoperiod was maintained. During the exposure, 3 fish were picked up randomly each
week to analyze each parameter from the control, 5% and 10% treatment aquaria. In
accordingly 15 fish were picked up per week for each treatment. The fish were anesthetized
with 0.1% 2-phenoxyethanol (Fluka) and dissected livers and kidneys were stored at −80°C.
We made 3 replicates of samples from each liver and kidney; in accordingly we have
analyzed 9 samples for each organ and each parameter. All controls and Cr (VI)-exposed
livers and kidneys were analyzed for selected antioxidants enzymes, metallothionein and
total protein levels in liver and kidney tissues.

Catalase (EC 1.11.1.6 - CAT) Assay
The liver and kidney tissues were rinsed with phosphate buffer (pH 7.4) to remove red blood
cells, and homogenized in cold buffer (1:8 w/v) containing 50 mM potassium phosphate, pH
7.0 and 1 mM EDTA per gram of tissue. The homogenate was centrifuged at 1500x g for 5
min at 4°C (Beckman XL-100K, USA). The supernatant from each tissue was used as the
enzyme source and analyzed in a 96 well plate according to Johansson and Borg method
using commercial catalase assay kit (Johansson and Borg, 1988). Three replicates of 20 μl
samples were mixed with 100 μl of 100 mM potassium phosphate, pH 7.0 and 30 μl
methanol. The reaction was initiated with 20 μl of 35 mM hydrogen peroxide and the
mixture was incubated on shaker at room temperature for 20 min. The reaction was
terminated by adding 30 μl of 10 M potassium hydroxide. Thirty μl of 4-amino-3-
hydrazino-5-mercapto-1, 2, 4-triazole (chromogen) was added to the three replicates of each
sample, and incubated on a shaker for 10 min at room temperature. After incubation, 10 μl
of potassium periodate was added to the mixture and incubated for 5 min at room
temperature. Finally, the reaction mixture's absorbance was recorded at 540 nm using 96
well plate reader (Multiskan Ascent, Lab systems USA). The principle of this assay is based
on the reaction of the CAT with methanol in the presence of an optimal concentration of
hydrogen peroxide, and the measurement of formaldehyde produced. One unit of CAT is
defined as the amount of CAT that will cause the formation of 1.0 nM formaldehyde per min
at 25°C. Reference standard curve was prepared with formaldehyde solution.

Superoxide Dismutase (EC 1.15.1.1 - SOD) Assay
The tissues were rinsed with phosphate buffer (pH 7.4) containing 0.16 mg/ml heparin, to
remove any red blood cells. The tissues were homogenized (1:8, w/v) in cold 20mM HEPES
buffer, pH 7.2, containing 1mM EGTA, 210 mM mannitol, and 70 mM sucrose per gram of
tissue. Each tissue homogenate was centrifuged at 1500x g for 5 min at 4°C (Beckman
XL-100K, USA). The supernatants were further analyzed in a 96 well plate according to
Marklund and Marklund method using commercial SOD assay kit (Marklund and Marklund,
1974). Three replicates of 10 μl of each sample were mixed with 200 μl of radical detector.
Radical detector was prepared with 50 μl of tetrazolium salt solution and 19.95 ml of 50 mM
Tris-HCl (pH 8.0, containing 0.1 mM diethylene triamine pentaacetic acid and 0.1 mM
hypoxanthine). The reaction was initiated by adding 20 μl of xanthine oxidase and the
reaction mixture was incubated on a shaker for 20 min at room temperature. The xanthine
oxidase was prepared with 50 μl of xanthine oxidase solution and 1.95 ml of 50 mM Tris-
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HCl, pH 8.0. After 20 min of incubation, the reaction mixture's absorbance was recorded at
450 nm using 96 well plate reader (Multiskan Ascent, Lab systems USA). The assay
principle is based on the utilization of a tetrazolium salt for detection of superoxide radicals
generated by xanthine oxidase and hypoxanthine. One unit of SOD is defined as the amount
of enzyme needed to exhibit 50% dismutation of the superoxide radical. The standard
reference curve was prepared with solution of bovine erythrocyte SOD.

Glutathione Peroxidase (EC 1.11.1.9 - GPx) Assay
The tissues were washed with phosphate buffer saline (PBS), pH 7.4, and containing 0.16
mg/ml heparin, to remove red blood cells. The tissues were homogenized (1:8, w/v) in cold
buffer containing 50 mM Tris-HCl, pH 7.5, 5 mM EDTA and 1 mM DTT per gram tissue.
The homogenates were centrifuged at 1500x g for 15 min at 4°C and each tissue supernatant
was separated (Beckman XL-100K, USA). The supernatants were analyzed according to the
method described by Paglia and Valentine using commercial GPx assay kit (Paglia and
Valentine, 1967). Three replicates of 20 μl of each sample were mixed with 100 μl of 50
mM Tris-HCl, pH 7.6, containing 5 mM EDTA and 50 μl of co-substrate mixture
(Calbiochem supplied NADPH, glutathione, and glutathione reductase). The reaction was
initiated by adding 20 μl of cumene hydroperoxide solution. The reaction mixture was
vortexed properly, and the absorbance was recorded at 340 nm wavelength (Multiskan
Ascent, Lab systems USA). The assay indirectly measures the activity of GPx by a coupled
reaction with glutathione reductase. One unit of GPx is defined as the amount of enzyme
that will cause the oxidation of 1.0 nmol of NADPH to NADP+ per minute at 25°C.

Metallothionein (MT) Quantification
MT levels were quantified as described previously by Viarengo et al. (1997). Briefly, the
tissues were homogenized separately (1:8, w/v) in a buffer containing 20 mM Tris-HCl, pH
8.6, 0.01% ß-mercaptoethanol, protease inhibitor cocktail and 0.5 M sucrose. The
homogenates were centrifuged at 30000x g for 20 min (Beckman XL-100K, USA); and the
supernatants were collected and resuspended in 49% ethanol containing 3.7% chloroform.
The mixture was centrifuged at 30000x g for 20 min and again resuspended in 49% ethanol
containing 3.7% chloroform, and centrifuged at 6000x g for 10 min. The supernatant was
collected, acidified cold 87% ethanol was added and the mixture was incubated at −20°C for
1 hr. The mixture was centrifuged at 6000x g for 10 min, the pellet was resuspended in 20
mM Tris-HCl buffer, pH 8.6, containing 87% ethanol and 1% chloroform, and centrifuged at
6000x g for 10 min. The pellet was allowed to dry under a nitrogen gas stream and
resuspended in a solution containing 0.16 M NaCl, 0.5N HCl, and 2 mM EDTA. The
resuspended 0.3 ml aliquots were mixed with 4.2 ml of 0.43mM DTNB. The DTNB was
prepared in 0.2 M phosphate buffer, pH 8.0, supplemented with 2M NaCl. The mixture was
centrifuged at 3000x g for 5 min at room temperature and the absorbance of the supernatant
was measured at 412 nm using reduced glutathione as reference standard.

Total Protein Quantification
The goldfish liver and kidney tissues were homogenized (1:8 w/v) in pre-chilled phosphate
buffer (pH 7.4). The total protein levels were measured according to the Bradford method
using bovine serum albumin as reference standard (Bradford, 1976).

Statistical Analysis
Each experiment was repeated three times, and the data were expressed as means ± SDs.
Statistical analysis was performed using SAS software for Windows (SAS Institute, Cary,
North Carolina, USA). Differences between controls and Cr (VI)-treated goldfish for all
assessment endpoints were determined by ANOVA for global comparison, followed by
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Dunnett's test for identifying groups whose means are significantly different from the
controls. The level of significant difference was considered at p<0.05.

RESULTS
Catalase (CAT) Activity

CAT activity levels in liver of goldfish after sub-chronic exposure to Cr (VI) for four weeks
are summarized in Figure 1. In the 5% LC50 concentration (4.25 ppm), the CAT activity was
decreased during the 1st, 2nd and 3rd week of exposure, and increased during the 4th week of
exposure compared to the control. In the 10%-LC50 concentration (8.57 ppm), the CAT
activity was increased during the 1st week and decreased during the 2nd, 3rd and 4th week
compared to the controls. However, the increases or decreases in CAT activity were not
significantly different (p>0.05) from the controls. CAT activity levels in kidney of goldfish
after sub-chronic exposure to Cr (VI) for four weeks are summarized in Figure 2. The CAT
activity levels were decreased in both 5%-LC50 and 10%-LC50 concentrations during the
exposure period except for the first week in 5%-LC50. However, the decreases or increases
in CAT activity were not significantly different (p>0.05) from the controls.

Superoxide Dismutase (SOD) Activity
SOD activity in goldfish liver exposed to 5% and 10%-LC50 for four weeks is presented in
Figure 3. Activity levels in goldfish liver exposed to 5%-LC50 were increased compared to
controls throughout the exposure period; showing a significant difference during the 1st
week of exposure, and no significant differences (p>0.05) at weeks 2, 3 and 4. In the 10%-
LC50 concentration, SOD activity levels were increased; showing statistically significant
differences (p<0.05) over the controls at weeks 1, 2 and 3, and no significant difference
(p>0.05) at week 4. SOD activity levels in goldfish kidney after sub-chronic exposure to Cr
(VI) are summarized in Figure 4. In the 5%-LC50 concentration, kidney SOD activity was
increased. This increase was significantly different (p<0.05) from the control at weeks 1 and
2. In the 10%-LC50 concentration, there was also an increase in SOD activity; showing
statistically significant differences (p<0.05) over the controls at weeks 1, 2 and 3.

Glutathione Peroxidase (GPx) Activity
GPx activity levels in goldfish liver exposed to 5%- and 10%-LC50 concentrations are
presented in Figure 5. As shown on this graph, GPx activity in goldfish liver was increased
at exposure weeks 1, 2, 3 and 4. This increase was significantly different (p<0.05) from the
control at weeks 2 and 3. In the 10%-LC50 concentration, the increase in GPx activity in
goldfish liver was significantly different (p<0.05) from the control at weeks 3 and 4. GPx
activity levels in goldfish kidney after sub-chronic exposure to Cr (VI) are shown in Figure
6. In the 5%-LC50 concentration, GPx activity in goldfish kidney was increased, and this
increase was statistically significant (p<0.05) at weeks 1, 2 and 3. In the 10%-LC50 the
increase in GPx activity in goldfish kidney was statistically significant (p<0.05) at weeks 2,
3 and 4 compared to the control.

Metallothionein Expression
MT levels in goldfish liver exposed to Cr (VI) at 5%- and 10%-LC50 concentrations are
presented in Figure 7. As shown in the figure, MT levels in goldfish liver were elevated
during the exposure, in both 5% and 10%-LC50 concentrations. However, the increase over
the control level was statistically significant (p<0.05) at weeks 3 and 4 in the 5%-LC50
concentration, and at weeks 2, 3 and 4 in the 10%-LC50 concentration. The MT levels in
goldfish kidney exposed to 5% and 10%-LC50 Cr (VI) are presented in Figure 8. MT levels
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in kidney of exposed fish were elevated at all tested concentrations; showing statistically
significant differences (p<0.05) over the controls at weeks 2, 3 and 4.

Total Protein Expression
Total protein levels in goldfish liver exposed to Cr (VI) at 5%- and 10%-LC50
concentrations are presented in Figure 9. The total protein levels in goldfish liver exposed to
5%-LC50 were decreased at weeks 1 and 3, and increased at weeks 2 and 4 compared to the
controls. In the 10%-LC50, the total protein levels in goldfish liver were decreased at weeks
1 and 2, and increased at weeks 3 and 4 compared to the controls. However, the increases
and decreases in total proteins were not significantly different (p>0.05) from the controls for
both 5% and 10%-LC50 concentrations. Total protein levels in kidney of goldfish exposed to
Cr (VI) at 5% and 10%-LC50 are presented in Figure 10. The protein levels in goldfish
kidney exposed to 5%-LC50 were decreased at weeks 1, 3 and 4 and increased at week 2
compared to the controls. However, the decreases or increases in protein levels were not
significantly different (p>0.05) from the controls. In the 10%-LC50 concentration, the total
protein levels in goldfish kidney were decreased at weeks 1 and 2, and increased at weeks 3
and 4. However, the decreases or increases in protein levels were not significantly different
(p>0.05) from the controls.

DISCUSSION
Catalase (CAT) is one of the antioxidant enzymes used in the present research to study
oxidative stress in goldfish. CAT is one of the sensitive enzyme biomarkers and its activity
is modulated by various factors including over production of superoxide radicals (Kono and
Fridovich, 1982; Pandey et al., 2002), and carbonylation of proteins (Stadtman and Oliver,
1991). In the present study, our results indicated some alterations in CAT activity in liver
and kidney of Cr (VI) exposed fish during experimentation. However, the increase or
decrease in CAT activity was not significantly different from control. It has been reported
that CAT is a sensitive antioxidant, and its protein function can be influenced by the
products of lipid peroxidation, thereby modulating the enzymatic activity level (Stadtman
and Levine, 2000; Bagnyukova et al., 2006). Hence, the lack of a significant up-regulation
of CAT activity in the present study might be attributed to a number of factors that may
include the test conditions (sub-chronic exposure) and test species (goldfish).

Superoxide dismutase (SOD) plays a significant role in cellular antioxidant defense
mechanism. Modulation of the SOD activity is an early indicator of oxidative stress in
biological systems. Our data indicated that SOD activity was elevated in liver and kidney of
exposed fish at all tested concentrations. Similar findings have been previously reported
from a study evaluating the enzymatic activity of SOD in gills and liver of rainbow trout fish
exposed to ozone and oxygen-supersaturated water (Ritola et al., 2002). Several other
studies have also demonstrated the potential of Cr (VI) to up-regulate SOD activity. In an
investigation of rainbow trout exposed to sub lethal concentrations of Cr (VI) for 28 days,
Roberts and Oris (2002) reported a significant increase in liver SOD activity. Similarly, a
significant induction of SOD activity has been observed in liver fractions of Oreochromis
niloticus (Tilapia) and Wistar rats administered with intra-peritoneal doses of Cr (VI)
(Tagliari et al., 2004). The significant up-regulation of SOD activity observed in our study
indicates the high potential of Cr (VI) to induce oxidative stress in goldfish.

Glutathione peroxidase (GPx) is one of the antioxidant-associated enzymes. It catalyzes the
reduction of hydroperoxides (including hydrogen peroxides) by reducing glutathione. In our
study, the GPx levels were significantly increased in Cr (VI)-treated fish, in a time-
dependent manner. This result is in agreement with previous studies reporting that Cr (VI) is
a strong inducer of GPx activity because of its high sensitivity to hydro-peroxides
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concentrations (Pandey et al., 2002; Ahmad et al., 2006). Geetha et al. (2002) studied the
antioxidants and immunomodulatory mechanisms of seabuckthorn in response to Cr (VI)
exposure, and reported an increased cytotoxicity, apoptosis, free radical production and
decreased glutathione levels. Results from the present study also indicated that the induction
of GPx was more pronounced in the kidney tissue; indicating that this organ may be more
sensitive to Cr (VI) toxicity compared to the liver. Moreover, data from this study indicates
that GPx appears to be a more sensitive biomarker of Cr (VI) – induced lipid peroxidation in
goldfish compared to CAT.

Metallothionein (MT) is a family of cystein-rich, low molecular weight proteins that play an
important role in neutralizing the toxicity of heavy metals and protect the cell from stress
(Kägi and Schäffer, 1988). In the present study, MT levels were elevated in all the Cr (VI)-
treated goldfish compared to the controls. This increase in MT expression was time-
dependent. Our result is in agreement with previous reports indicating a concentration-
dependent MT induction in rat liver and kidney cells exposed to Cr (VI) (Solis-Heredia et
al., 1999). Another important study has also demonstrated the Cr (VI) potential to induce the
MT mRNA levels in fish. Treatment of zebra fish liver and caudal fin cell-line models with
Cr (VI) resulted in an induction of MT mRNA (Cheuk et al., 2008). Induction of MT mRNA
in liver and kidney could be the result of direct activation of metal responsive elements of
MT gene (Roberts and Oris, 2004).

Data obtained from the protein analysis experiment indicated some alterations in total
protein levels in goldfish liver and kidney. However, these alterations were not statistically
significant. Our findings are in agreement with a recent study that did not find any
significant alterations in total protein levels in freshwater fish Oreochromis niloticus
exposed for 30 days to various heavy metals including chromium (Oner et al., 2009). In
another study, Vutukuru (2003) reported the acute toxicity of chromium to Labeo rohita
following 24 h and 96 h exposure times. He pointed out a decrease of total proteins in gill,
muscle and liver as a result of chromium exposure. It has also been reported that metallic
stress may impair or decrease the rate of protein synthesis (Nanda and Behera, 1996).
Moreover, total protein levels can be depleted because of the utilization of proteins for
energy needs and in cell repair (Nagai and Ikeda, 1971).

CONCLUSION
Hexavalent chromium is a known human carcinogen that has also been reported to be highly
toxic to aquatic organisms. However, its mechanisms of toxicity as well as its toxicokinetics
and toxicodynamics have not been fully elucidated. Our research investigated its oxidative
stress potential in both liver and kidney of goldfish exposed under subchronic conditions;
using catalase (CAT), superoxide dismutase (SOD), glutathione peroxidate (GPx),
metallothionein (MT), and total protein as specific biomarkers and toxicological end-points.
Study results indicated a significant modulation SOD, GPx and MT activities in liver and
kidney in response to Cr (VI) toxicity, and adaptability of goldfish to chromium-induced
stress. The kidney appeared to be more sensitive to Cr (VI) toxicity than the liver. CAT
activity modulation and total protein expression in Cr (VI)-exposed fish were not
significantly different compared to controls.
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Fig.1.
Catalase (CAT) activity in Carassius auratus liver exposed to Cr (VI) (5% and 10% of 96hr-
LC50) for a four week time period. Each point represents a mean value ± SD of three
replicates.
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Fig. 2.
Catalase (CAT) activity in Carassius auratus kidney exposed to Cr (VI) (5% and 10% of
96hr-LC50) for a four week time period. Each point represents a mean value ± SD of three
replicates.
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Fig. 3.
Superoxide dismutase (SOD) activity in Carassius auratus liver exposed to Cr (VI) (5% and
10% of 96hr-LC50) for a four week time period. Each point represents a mean value ± SD of
three replicates. *Significantly different from the control according to Dunnett's multiple
comparison test.
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Fig. 4.
Superoxide dismutase (SOD) activity in Carassius auratus kidney exposed to Cr (VI) (5%
and 10% of 96hr-LC50) for a four week time period. Each point represents a mean value ±
SD of three replicates. *Significantly different from the control according to Dunnett's
multiple comparison test.
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Fig. 5.
Glutathione peroxidase (GPx) activity in Carassius auratus liver exposed to Cr (VI) (5%
and 10% of 96hr-LC50) for a four week time period. Each point represents a mean value ±
SD of three replicates. *Significantly different from the control according to Dunnett's
multiple comparison test.
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Fig. 6.
Glutathione peroxidase (GPx) activity in Carassius auratus kidney exposed to Cr (VI) (5%
and 10% of 96hr-LC50) for a four week time period. Each point represents a mean value ±
SD of three replicates. *Significantly different from the control according to Dunnett's
multiple comparison test.
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Fig. 7.
Metallothionein levels in Carassius auratus liver exposed to Cr (VI) (5% and 10% of 96hr-
LC50) for a four week time period. Each point represents a mean value ± SD of three
replicates. *Significantly different from the control according to Dunnett's multiple
comparison test.
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Fig. 8.
Metallothionein levels in Carassius auratus kidney exposed to Cr (VI) (5% and 10% of
96hr-LC50) for a four week time period. Each point represents a mean value ± SD of three
replicates. *Significantly different from the control according to Dunnett's multiple
comparison test.
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Fig. 9.
Total protein levels in Carassius auratus liver exposed to Cr (VI) (5% and 10% of 96hr-
LC50) for a four week time period. Each point represents a mean value ± SD of three
replicates.
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Fig.10.
Total protein levels in Carassius auratus kidney exposed to Cr (VI) (5% and 10% of 96hr-
LC50) for a four week time period. Each point represents a mean value ± SD of three
replicates.
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