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Abstract Glutathione-S-Transferase (GST) and metallo-
thionein are important biomarker endpoints in studying the
effect of Cd exposure. The purpose of this research was to
study the correlation between hepatic GST and metallo-
thionein with hepatic Cd in wild Fejervarya limnocharis
exposed to environmental Cd. Results showed that frogs
from contaminated sites had significantly higher hepatic
metallothionein (3.58 mg/kg wet weight) and GST activity
(0.259 pmol/min/mg total protein) than those from the
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reference site (2.36 mg/kg wet weight and 0.157 pmol/
min/mg total protein respectively). There was a signifi-
cantly positive correlation between hepatic Cd and GST
activity (r = 0.802, p = 0.009) but not between hepatic Cd
and metallothionein (r = 0.548, p = 0.139). The results
concluded that while frogs from the contaminated site had
higher GST and metallothionein, only GST showed sig-
nificant positive correlation with hepatic Cd levels, indi-
cating that hepatic GST activity may be used as a
biomarker endpoint.

Keywords Cd - Fejervarya limnocharis -
Metallothionein - GST - Biomarker

Biomarkers are sensitive tools for the assessment of bio-
logical effects of pollutants (Linde-Arias et al. 2008).
Biomarkers such as stress proteins, enzymes and other
biomolecules have been shown to be affected by metal
pollutants and they can be regarded as either specific or
non-specific biomarkers (Monserrat et al. 2007). One of the
direct responses of metal exposure is the production of
metallothionein. Free cystolic metal ions, especially Cd
induce the production of metallothionein (Baykan et al.
2007), and the resulting metallothionein will bind to metal
ions (Hansen et al. 2006). Loumbourdis et al. (2007) sug-
gested that metallothionein is a good biomarker of expo-
sure for heavy metal pollution and its use as a toxicant-
specific biomarker has been widely employed (Monserrat
et al. 2007). In this research, the traditional method of
determining metallothionein concentration is chosen over
the more contemporary approach of assessing metallothi-
onein induction by measuring mRNA expression. Schmitt
et al. (2007) stated that the traditional method docu-
ments cumulative and long term exposure history while
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metallothionein induction would give an account of the
active or recent metallothionein synthesis. Metallothionein
mRNA might not be detected in resident organisms that
have acclimated to contemporary exposure conditions.
Exposure to Cd may also lead to various physiological
responses such as the increased production of reactive
oxygen species responsible for oxidative stress in the body
(Valdivia et al. 2007). As a result, antioxidants such as
superoxide dismutase, catalase and glutathione-S-transfer-
ase (GST) will be produced.

In the agricultural areas of Tak Province, Thailand,
Simmons et al. (2005) reported elevated Cd levels in the
paddy soils and rice grain of the Mae Tao Creek vicinity,
which is located downstream of a zinc mining area. Our
previous studies have also found that Cd concentrations
from the contaminated site (Mae Tao, 16°45'13”N;
98°35'25”E) ranged from 0.0019 to 0.0021 mg/L in water
samples, and 2.92 to 3.29 mg/kg in sediment samples
(Othman et al. 2009). The concentration ranges at the
reference site (Mae Pa, 16°40'43"N; 98°35'36"E) were
0.0018-0.0020 mg/L (water) and 0.101-0.221 g/kg (sedi-
ment). The purposes of this study were to correlate hepatic
metallothionein and GST in Fejervarya limnocharis caught
from reference and contaminated sites and to correlate
hepatic GST and metallothionein with hepatic Cd in wild
Fejervarya limnocharis exposed to environmental Cd.

Materials and Methods

A visual encounter survey (Crump and Scott 1994) was
conducted and 97 frogs were collected on a monthly basis
during November 2007 and October 2008 from several rice
fields in Mae Tao and Mae Pa in Mae Sot District, Tak
Province. The livers of the frogs were removed for analysis.
For hepatic Cd concentration, the liver samples were sub-
jected to a microwave digestion procedure with concentrated
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nitric acid followed by cadmium determination using
graphite furnace atomic absorption spectrometer (AAS
ZEEnit 700 by Analytik Jena, Thuringia, Germany). The
standard curve range used was 0-10 pg/L and the detection
limit of this instrument is 0.020 pg/L. Recovery of spiked
liver ranged from 72 % to 93 %. Cd-hemoglobin affinity
assay was used to determine metallothionein. The tissues
were subjected to metallothionein preparation according to
Eaton and Cherian (1991) with modification by Kuroshima
(1995). The Cd in the supernatant was determined with
graphite furnace atomic absorption spectrometer. Metallo-
thionein concentrations were calculated by the assumption
that 7 g-atoms of Cd are bound to one mole of metallothio-
nein, and the molecular weight of Cd-metallothionein
complex is 7,000. Total protein concentrations in liver tissue
were determined by total protein assay (Bradford 1976). This
was then used as a tissue dilution guideline for the determi-
nation of the activities of hepatic GST. Glutathione-S-
transferase activities were determined by GST assay (Habig
et al. 1974).

All data were statistically analyzed with Two-way
ANOVA and Student-Newman Keuls tests by using the
SigmaStat 2.0 program (Systat Software, California, USA).
The Spearman-Rank Order correlation was also used to
determine correlation between hepatic metallothionein
concentration and hepatic GST activities with hepatic Cd
concentration.

Results and Discussion

Hepatic metallothionein levels of F. limnocharis caught
from Mae Pa range from 1.50 to 2.76 mg/kg wet weight
(Fig. 1a). For those caught from Mae Tao, the range is
2.99-3.91 mg/kg wet weight. The differences in hepatic
metallothionein between the stations are statistically significant
(p = 0.048). The overall average hepatic metallothionein for
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Fig. 1 Quarterly average (a) hepatic metallothionein and (b) glutathione-S-transferase activity in Fejervarya limnocharis caught from Mae Sot,
Tak. All mean differences between stations are statistically significant (p < 0.05)
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frogs caught from Mae Pa is 2.36 mg/kg wet weight, while
the value is 3.58 mg/kg wet weight for frogs caught from
Mae Tao.

Figure 1b shows the activities of GST in the livers of F.
limnocharis caught from Mae Pa and Mae Sot. GST
activities of the frogs caught from Mae Pa range from
0.154 to 0.159 umol/min/mg total protein. For Mae Tao,
the range extends from 0.199 to 0.331 pmol/min/mg total
protein. The difference of GST activity between the sites is
statistically significant (p < 0.001). The overall average
GST activity for frogs caught from Mae Pa is 0.157 pmol/
min/mg total protein, while for Mae Tao, the overall
average value is 0.259 pmol/min/mg total protein.

A strong positive correlation was found between hepatic
Cd and hepatic GST activity (r = 0.802, p = 0.0096). For
the hepatic Cd-hepatic metallothionein pairing, there is a
modest positive correlation (r = 0.548). However, this
correlation is not statistically significant (p = 0.139). This
may indicate that while increase in hepatic Cd is likely to
result in an increase in hepatic GST activity, the same
assumption cannot be made for the hepatic Cd-hepatic
metallothionein interaction.

Hansen et al. (2006) reported that in Salmo trutta,
metallothionein is an important mechanism in Cd accli-
matization because Cd-acclimatized Salmo trutta had
increased intercellular concentrations of metallothionein-
like proteins. A number of other studies also have found
that organisms exposed to Cd were induced to produce
metallothionein. Other amphibians that have shown this
response include include Xenopus laevis (Mouchet et al.
2006) and Rana ridibunda (Loumbourdis et al. 2007).
Figure 1a of this study confirms the findings of the research
mentioned above because F. limnocharis living in the Cd
contaminated site (Mae Tao) had higher hepatic metallo-
thionein concentration as opposed to those living in the
reference site (Mae Pa). This indicated that frogs exposed
to high Cd concentrations in the environment would react
by producing metallothionein as a line of defense from the
toxic effect of Cd. This is because induction of metallo-
thionein would provide more binding sites for Cd, hence
would limit latent damage (Linde-Arias et al. 2008). This
would limit the possibility for cationic Cd to impact its
toxicity against the organ in which it had accumulated.

Isani et al. (2008) reported that Cd that was absorbed from
the environment would be transported to the liver and would
induce the production of hepatic metallothionein. Therefore,
it may be inferred that there is a positive correlation between
the concentration of Cd in the liver and the amount of
metallothionein produced by the liver. There was a strong
and significant positive relationship between hepatic
metallothionein and hepatic Cd concentration in Anguilla
anguilla (Bird et al. 2008). However in this research, despite
having a positive correlation between hepatic Cd and hepatic

metallothionein, the correlation was not significant. This
could be attributed to the insufficiency of metallothionein
induction due to a spillover effect (Mouchet et. al 2006).
Spillover occurs when the body’s capacity to sequester metal
is overwhelmed. As a result, the spilled-over metal would
remain as free metals rather than sequestered metals. In this
case, there would be an initial positive correlation between
both parameters. However, after a certain threshold level, the
liver would no longer be able to produce enough metallo-
thionein to bind with the increasing amount of Cd. Therefore,
in F. limnocharis caught from Mae Sot, the insignificant, but
positive correlation between hepatic Cd and hepatic metal-
lothionein may be explained by an overwhelmed defense
capacity that leads to spillover effect. Due to the over-
whelmed accumulation of Cd, further increase in Cd uptake
may not result in the increase of Cd being sequestered to
metallothionein to form the Cd-thiolate clusters in the
metallothionein-Cd complex. Instead, this would increase
the concentration of free Cd in the liver.

Figure 1b shows that F. limnocharis caught from the
contaminated site (Mae Tao) had higher GST activity than
those caught from the reference site (Mae Pa). Also, there
was a strong correlation between hepatic Cd and the hepatic
GST activity. This is in line with results from studies on
Rana ridibunda (Loumbourdis et al. 2007), Salmo trutta
(Hansen et al. 2006), Xenopus laevis (Mouchet et al. 2006),
Sparus aurata (Isani et al. 2008), Sander vitreus and Perca
flavescens (Larose et al. 2008). The higher activity of GST
in F. limnocharis caught from Mae Tao and the strong
correlation between hepatic Cd and hepatic GST was
anticipated because Cd is known to induce oxidative stress
by the formation of reactive oxygen species (Isani et al.
2008). This leads to an increase in glutathione concentration
(Kuroshima 1995) and the production biotransformation
enzyme GST. According to Larose et al. (2008), research
has shown that high activity of GST can be induced by
exposure to Cd. Glutathione-S-transferase is one of the key
enzymatic players in the defense mechanism against reac-
tive oxygen species and oxidative stress (Hermes-Lima and
Zenteno-Savin, 2002).

This research found that rice frogs from a site contam-
inated with Cd had elevated levels of Cd in the liver as well
as significantly higher concentrations of hepatic metallo-
thionein and GST, when compared to rice frogs from a
reference site. However, only GST showed a significant
strong positive correlation with hepatic Cd concentration.
Therefore it would appear that the biomarker of hepatic
GST activity would be more useful than the biomarker of
hepatic metallothionein concentration in cases where sen-
tinel species are chronically exposed to Cd.
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