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Abstract The aim of this study was to measure antioxidant
enzyme activities as biological indicators of pollution in
tissues of two species of fish. Five Clarius gariepinus and
three Oreochromis mossambicus were collected from Um-
guza Dam (polluted dam) whilst seven C. gariepinus and
eight O. mossambicus were collected from Wright Dam
(relatively pristine dam). Diphosphotriphoshodiaphorase
and catalase activities were consistently lower (42 + 2%
and 78 £ 20%, respectively) in liver whilst malondialde-
hyde levels were two times higher in muscles of both species
of fish collected from Umguza Dam. However, selenium-
dependent glutathione peroxidase (Se-GPX) activity was
elevated four-fold in liver and gills of O. mossambicus col-
lected from Umguza Dam. Metal levels were two to five
times higher in muscles of both species of fish collected from
Umguza Dam. Fish from Umguza Dam seem to have
responded to pollution by increasing Se-GPX specific
activity in an effort to detoxify peroxides produced as a result
of metal induced oxidative stress.
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High levels of trace metals in freshwater may occur as a
result of natural weathering of minerals in the sediments
and bed rocks or as a result of anthropogenic activities such
as mining, industrial, municipal and agricultural discharges
(Winston 1991). Most trace metals are essential in small
concentrations for normal metabolic processes in mammals
including fish and humans. At abnormally high concen-
trations, metals can cause death in fish. Metals such as lead
(Pb), cadmium (Cd), copper (Cu) mercury (Hg), silver (Hg)
and cobalt (Co) have been shown to be extremely toxic
when they bind to fish gills (Tao et al. 2000). Fish are
exposed to metals through contaminated food and the water
column in chronically contaminated aquatic ecosystems,
the main routes of accumulation being through gills (Tao
et al. 2000). Sublethal and chronic concentration of metals
exerts their toxicity on fish by generating free radicals such
as the hydroxyl radical ("OH), peroxyl-radical (RO®,) and
superoxide (O°,7) and some non-radical ROS such as
hydrogen peroxide (H,O,). These ROS can trigger oxida-
tive damage to proteins, nucleic acids and lipids (Winston
1991). However, defensive antioxidant enzymes, which
detoxify reactive oxygen species, are present in the liver,
kidneys, gills and intestine (Buhler and Williams 1988).

Antioxidant enzymes have been used as biomarkers of
pollution by metals and organic compounds that generate
oxidative stress in molluscs (Cossu et al. 2000) whilst MDA
levels have also been shown to be affected by oxidative stress
(Rodrigues-Ariza et al. 1993). As antioxidant enzyme
activities and MDA levels can be used as biomarkers of
pollution, this study was undertaken to determine the rela-
tionship between concentration of metals, antioxidant
enzyme activities and MDA levels in two species of fish
collected from Mguza Dam (which receives domestic and
industrial effluent from Bulawayo City sewage works) and
from Wright Dam with no history of pollution.
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Materials and Methods

Two species of fish, five Clarius gariepinus (catfish) and
three Oreochromis mossambicus (tilapia) were collected
from Umguza Dam (a polluted site) whilst seven C. gari-
epinus and eight O. mossambicus were collected from
Wright Dam (a site with no history of pollution). These fish
were chosen because they are benthic and pelagic feeders,
respectively. The fish were periodically collected from
gillnets cast over 24 h and the captured fish were killed on
site and sexed. Only female fish were used in this study. The
liver, gill, kidney and pectoral muscles were removed, snap
frozen in liquid nitrogen and transported to the laboratory
where they were stored at —80°C until used. Pectoral mus-
cles from each fish species were thawed and 1 gdigested on a
hot plate using concentrated nitric acid and concentrated
hydrochloric acid in a ratio of 3:1. The digestions were
carried out for 6 h or until the samples were clear. Metal
determination was then done in duplicate or triplicate with
reagent blanks being assayed after every ten samples. In
addition, a known concentration of the standard solution was
also assayed after every ten samples to verify the analytical
quality of the result since no certified standard reference
material was available. For spike levels of 0.01 mg/kg, the
recovery rate ranged from 81% to 110% depending on the
metal assayed for using a Varian Atomic Absorption Spec-
trophotometer (Spectra AA 20 Plus, Victoria, Australia).
Gill filaments, liver and kidney from each fish were
thawed and homogenized with 5 volumes of 50 mM potas-
sium phosphate buffer (pH 7) and centrifuged at 9,000g for
10 min at 4°C. The supernatant was aliquoted and stored at
—80°C until required. The activity of CAT was determined
spectrophotometrically according to the method described
by Clairborne (1989) whilst DTD activity was measured
according to the method described by Lind et al. (1990)

modified and adapted for a 96 well microplate reader in our
laboratory. The reaction mixture was in a final volume of
200 pl and a decrease in absorbance at 600 nm over 3 min at
30°C was recorded. Se-GPX activity was determined as
described by Scholz et al. (1981) using 1.5 mM H,O, as a
substrate, after adapting the method for a 96 well microplate
reader. Consumption of NADPH was monitored at 340 nm
over 3 min at 30°C. The activity of superoxide dismutase
(SOD) was measured according to the method of Sun et al.
(1988) whilst lipid peroxidation was assessed by measuring
MDA concentration according to the method of Draper and
Hadley (1990). Protein was measured according to Lowry
etal. (1951) using bovine serum albumin as the standard. All
enzymatic assays were performed in either triplicate or
quadruplicate using either a Perkin Elmer UV/VIS Spec-
trometer, Lambda 2 (Perkin Elmer Corporation, FRG) or a
Spectra Max 96 well plate reader (Spectra Max 340,
Molecular Devices Corporation, California, USA).

Results and Discussion

Table 1 shows levels of metals in both C. gariepinus and
O. mossambicus pectoral muscles collected from Umguza
and Wright Dams whilst Figs. 1 and 2 show antioxidant
enzymes specific activities of C. gariepinus and O. mos-
sambicus collected from both locations.

Hepatic DTD specific activities were significantly
depressed (p < 0.01) in C. gariepinus and O. mossambicus
collected from Umguza Dam when compared to those
collected from Wright Dam (Figs. 1, 2). In C. gariepinus
kidney, higher activity of DTD was observed in those fish
collected from Umguza Dam compared to those collected
from Wright Dam (p < 0.01). Fish from Umguza dam had
a higher transition metal body burden compared to fish

Table 1 A comparison of metal

*
content (mg/kg wet weight) in Metal

Lower Mguza Dam

Wright Dam

C. gariepinus and C. gariepinus

0. mossambicus C. gariepinus 0. mossambicus

0. mossambicus muscle

collected from Lower Mguza Cd 0.10 4 0.03*
and Wright Dams (n=5)
Zn 1.18 £+ 0.43*
(n=5)
Cu 0.13 £ 0.06*
(n=25)
Ni 0.16 £ 0.06*
* Metal concentrations with a (n=15)
common alph.ab.etical Fe 335 + 1.33%
superscript within rows for each
fish species indicate that means (n=35)
are not significantly different, Pb 0.31 £ 0.08*
p > 0.05. Values are expressed (n =5)

as mean = SD for sample, n

0.12 + 0.02° 0.05 £ 0.01° 0.05 + 0.01°
(n=3) (n=28) =7
1.23 + 0.14° 0.23 £ 0.04° 0.48 & 0. 09°
(n=3) (n=28) =7
0.13 & 0.04* 0.12 + 0.01* 0.03 &+ 0.01°
(n=3) (n=28) n=7)
0.09 + 0.06 1.01 £ 0.33° 0.83 + 0.23¢
(= 3) (n=8) m="7)
481 + 2.05° 234 £+ 1.1° 3.02 + 1.79*
(n=3) (n=28) =7
0.43 + 0.04* 0.06 % 0.03° 0.17 £ 0.07°
(n=3) (n=28) =7
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Fig. 1 A comparison of antioxidant activities of female C. gariepinus
collected from Lower Mguza Dam and Wright Dam. DTD activity is
in mU/mg protein whilst SOD activity is x 10 mU/mg protein. CAT
and Se-GPX activities are in U/mg protein. Values are means = SD
from 3 to 8 fish. ** p <0.01 and *** p < 0.001 significantly
different from Wright Dam, Students ¢ test
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Fig. 2 A comparison of antioxidant activities of female O. mossam-
bicus collected from Lower Mguza Dam and Wright Dam. DTD
Activity is in mU/mg protein whilst SOD activity is x10 mU/mg
protein. CAT and Se-GPX activities are in U/mg protein. Values are
means £ SD from 3 to 8 fish. *p <0.05, **p <0.01 and
*#% p < 0.001 significantly different from Wright Dam, Students # test
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from Wright Dam (Table 1). Because of their ability to
redox cycle, transition metals are pro-oxidants generating a
mixture of O%,~ and H,O, which represent a major source
of ROS (Imlay 2003). High pro-oxidants have been shown
to decrease DTD activity compared to lower doses (Sturve
et al. 2005). The primary metabolic role of DTD is the
reduction of a broad range of substrates that undergo redox
cycling. It has also been shown that DTD is involved in the
inhibition of initiation and propagation in lipid peroxida-
tion by maintaining membrane bound co-enzyme Q in its
reduced antioxidant state as well as oxidation of proteins
and DNA (Ernster and Dallner 1995). The decreased
activity of DTD in the liver of fish may compromise the
enzyme’s protective role against ROS production since the
liver is the major organ for xenobiotic metabolism whilst
the higher renal DTD activity observed in both fish species
collected from Umguza may be indicative of the protective
role of the enzyme in the kidney.

The activities of CAT in gills of C. gariepinus from both
dams were similar whilst the enzyme activity was signifi-
cantly lower in liver and kidney (p < 0.001) of fish col-
lected from Umguza Dam (Fig. 1). In contrast, similar
CAT activity was observed in kidney of O. mossambicus
collected from both locations whilst gill and hepatic CAT
activities were significantly lower in O. mossambicus col-
lected from Umguza Dam (Fig. 2). The decrease in hepatic
CAT activity in fish from sites polluted by domestic and
industrial wastes has been reported by other workers (Ba-
iny et al. 1996) and fish exposed to organic chemicals
(Sturve et al. 2005). Our results are in agreement with these
studies but in contrast with those of Rodriguez-Ariza et al.
(1993) who reported increased CAT activity in fish col-
lected from polluted areas.

The specific activities of Se-GPX for both species of fish
from both dams are shown in Figs. 1 and 2. Except in the
kidneys of both fish species, significantly higher activity
was observed in fish collected from Umguza Dam com-
pared to those collected from Wright Dam. No significant
differences in GPX activities were observed in either liver
or kidney of O. mossambicus collected from Wright Dam
(Fig. 2) whilst Se-GPX activity in gills was not detectable.
In agreement with our results, Almar et al. (1998) reported
significantly elevated Se-GPX activity in the liver of fresh
water fish, Gobio gobio, collected from polluted water
bodies although reduction of the enzyme activity has also
been noted in fish liver and kidney (Bainy et al. 1996) as
well as gills and digestive gland of mussels (Cossu et al.
2000) from a polluted site.

The specific activity of SOD was significantly higher
(p < 0.05) in gill than liver of C. gariepinus collected from
both Dams (Fig. 1). Statistically higher activity of SOD in
gill compared to liver was noted in O. mossambicus col-
lected from Umguza Dam (p < 0.001) but not in gills and
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Fig. 3 A comparison of malondialdehyde concentration in female
O. mossambicus and female C. gariepinus muscle collected from
Lower Mguza Dam and Wright Dam. *** p < 0.001 significantly
different from Lower Mguza Dam

liver of those collected from Wright Dam. No significant
differences in the activity of SOD was seen in gill or liver
of C. gariepinus as a function of location. However, sig-
nificantly depressed activity of SOD was seen in gills and
liver of O. mossambicus collected from Umguza Dam
(p < 0.001).

Mean MDA levels in pectoral muscle of C. gariepinus
collected from Umguza and Wright Dams are shown in
Fig. 3. MDA levels in pectoral fish muscles of both
C. gariepinus and O. mossambicus collected from Umguza
were significantly higher than MDA levels in their coun-
terparts collected from Wright Dam (p < 0.01). The higher
levels of MDA as well as metals and the pronounced
increase in Se-GPX in fish collected from Umguza Dam
suggests that these fish are under greater oxidative stress
compared to those collected from Wright Dam. Our data on
MDA, on one hand, is in agreement with the increased
MDA levels found by others in short-term exposure studies
of fish to metals and organic xenobiotics in laboratory
studies. It was reported that acute exposure of carp to Cu**
resulted in increased Se-GPX activity and higher MDA
levels in most tissues whilst superoxide dismutase and
catalase activities were decreased (Winston 1991). Zn>*
was also reported to increase liver Se-GPX (Radi and
Marcovics 1988). Sanchez et al. (2007) found significantly
elevated levels of thiobarbituric acid-reactive substances in
fish collected from a polluted stream when compared to
those from an unpolluted site. On the other hand, our data
is in contrast to reports that molluscs (Cossu et al. 2000)
and fish (Rodriguez-Ariza et al. 1993) from polluted areas
display high GPX activities in parallel with low MDA
suggesting adaptation by animals living in polluted areas.
Overall, the increases in MDA levels and GPX activity and
the decrease in CAT and DTD activities in livers of fish
exposed to polluted areas suggest that these molecules can

be used to discriminate between two differently polluted
dams.

Acknowledgments This work was supported by grants from
International Program of Chemical Sciences, Sweden and Research
Board, National University of Science and Technology, Zimbabwe.
The authors wish to thank the Bulawayo City Council and Mr Dave
Wright for allowing them to collect samples from their Dams.

References

Almar M, Otero L, Santos C, Galego JG (1998) Liver glutathione
content and glutathione dependent enzymes of two species of
freshwater fish as bioindicators of chemical pollution. J Environ
Sci Health B33:769-783

Bainy ACD, Saito E, Paulo SM, Carvalho V, Jungeira BC (1996)
Oxidative stress in gill, erythrocytes, liver and kidney of Nile
Tilapia (Oreochromis niloticus) from a polluted site. Aquat
Toxicol 34:151-156

Buhler DR, Williams DE (1988) The role of biotransformation in the
toxicity of chemicals. Aquat Toxicol 11:19-28

Clairborne A (1989) Catalase activity. In: Greenwald AR (ed)
Handbook of methods of oxygen radical research. CRC Press,
Florida, p 283

Cossu C, Doyottea A, Babutb M, Exingerc A, Vasseura P (2000)
Antioxidant biomarkers in freshwater bivalves, Unio tumidus, in
response to different contamination profiles in aquatic sediments.
Ecotoxicol Environ Saf 45:106-121

Draper H, Hadley M (1990) Malondialodehyde determination as an
index of lipid peroxidation. Methods Enzymol 186B:421-431

Ernster L, Dallner G (1995) Biochemical, physiological and medicinal
aspects of ubiquinone function. Biochem Biophys Acta 1271:
195-203

Imlay JA (2003) Pathways of oxidative damage. Annu Rev Microbiol
57:395-418

Lind C, Cadenas E, Hochstein P, Ernster L (1990) DT-diaphorase
purification. Methods Enzymol 186:287-301

Lowry OH, Rosebrough NJ, Farr A, Randall RJ (1951) Protein
measurement with the Folin phenol reagent. J Biol Chem 193:
265-275

Radi AAR, Marcovics B (1988) Effect of metal ions on the
antioxidant enzyme activities, protein content and lipid perox-
idation tissues of carp. Comp Biochem Physiol 90C:69-72

Rodrigues-Ariza A, Peinado J, Pueyo C, Lopez-Barea J (1993)
Biochemical indicators of oxidative stress in fish from polluted
littoral areas. Can J Fish Aquat Sci 50:2568-2573

Sanchez W, Ait-Aissa S, Palluel O, Diche JM, Porcher JM (2007)
Preliminary investigation of multi-biomarker responses in three-
spined stickleback (Gasterosteus aculeatus L.) sampled in
contaminated streams. Ecotoxicology 16:279-287

Scholz RW, Cook LS, Todhunte DA (1981) Distribution of selenium
dependent and non-selenium dependent glutathione peroxidase
activity in tissue of young cattle. Am J Vet Res 42:1724-1729

Sturve J, Stephensen E, Forlin L (2005) Effect of redox cycling
compounds on DT diaphorase activity in liver of rainbow trout
(Oncorhynchus mykiss). Comp Hepatol 4 [on line]. Accessed
15th Jan 2007

Sun Y, Oberley LW, Li Y (1988) A simple method for clinical assay
of superoxide dismutase. Clin Chem 34:497-500

Tao S, Liu C, Dawson R, Long A, Xu F (2000) Uptake of cadmium
adsorbed on particulates by gills of goldfish (Carassius auratus).
Ecotoxicol Environ Saf 47:306-313

Winston GW (1991) Oxidants and antioxidants in aquatic animals.
Comp Biochem Physiol 100C:173-176

@ Springer



	Metal Accumulation and Antioxidant Enzyme Activity �in C. gariepinus, Catfish, and O. mossambicus, Tilapia, Collected from Lower Mguza and Wright Dams, Zimbabwe
	Abstract
	Materials and Methods
	Results and Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


