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Abstract: Metallothioneins (MTs) have been broadly measured for their probable use as exact bioindicator to be a
sign of the existence of heavy metal contamination, since their induction has been observed to be noticeably
elevated after heavy metal exposure in a large amount organism considered. In this study with the results from
spectrophotometric method induction of Metallothionein (MT) and levels of Zinc of the Java Medaka fish (Oryzias
Jjavanicus) were studied after long time (60 days) exposure of juvenile fishes to different concentrations of zinc.
Statistically significant differences in Zn and MT’s content in different organs of fish groups exposed to this metal
was found between control group and other groups with diverse concentrations of metal (p<0.05). Correlation
between Zn content and MTs in all body sections of Java Medaka fish (Oryzias javanicus) were statistically
significant and the correlation was positive; increasing the Zn content in body sections, the MTs levels increased
also (p<0.01). Also the Metallothioneins (MTs) content in the tissues of Java Medaka fish (Oryzias javanicus)
showed a significant difference between the different tissues of this fish. The order of MT content was in the
decreasing order of: visceral organs > gill > muscle. Long term effect and MTs protein results indicate that this fish
(Oryzias javanicus) is more useful and accurate to monitor particular metals and ecotoxicology studies in the estuary
and coastal areas.
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1. Introduction in more than 200 metalloenzymes and a functional
The measurement of heavy metals concentration component of transcription factor  proteins
in living organisms has been verified to be a contributing to gene expression and regulation
worthwhile chase but fails to explain the impacts of (Klaassen, 2001). Furthermore, zinc also plays
metals on health condition or as an early warning important roles in nervous and immune systems, in
signal on living creature. The approach taken by the optimal metabolism of vitamin A, and in normal
biological monitoring provides a holistic view of a calcification of bone. However, although excessive
potential or on-going environmental impact by not exposure of animals to zinc is relatively uncommon, it
only providing information on organism health, but does occur around the world, especially in coastal
also serving as an early warning system to areas, and many studies have monitored the
environmental risks (Bigot et al., 2009). The effects of concentration of zinc in the field (Paez-Osuna and
pollutants in living organism can be detected even at Ruiz- Fernandez, 1995; Pederson et al., 1997,
sub lethal concentrations or complex chemical Mantelatto et al., 1999; Turoczy et al., 2001), as well
mixtures, at molecular/biochemical levels. as having investigated the acute and chronic toxicity
Biochemical responses are typically the first line of of zinc to aquatic organisms (Vanegas et al., 1997;
defense in the cell against pollutants. Changes at Zyadah and Abdel-Baky, 2000). The LC50-96 h for
biochemical levels may induce structural or functional Zn were determined at 9.75 (9.65 - 9.85) mg/l for
change at a higher level, such as hormonal regulation, juveniles and 14.32 (13.94 - 14.70) mg/1 for adults of
immune system, and metabolism in an organism. Java Medaka fish (Oryzias Javanicus) (Daryoush &
These changes may finally impair the growth, Ismail., 2012).
reproduction and survival ability of the organism The use of toxicity tests and/or biomarkers has
(Adams et al., 1990; Filipovi et al., 2003). In other been suggested as useful tools to link biological
hand the coastal portion of seawater and brackish responses with contaminants in the environment
water of estuaries are often contaminated by many (Stauber & Davies, 2000; Wells et al., 2001).
kinds of pollutants and human pathogens because of The potential utility of biomarkers for
human activities (Chua, 1992; Paez-Osuna and Tron- monitoring both environmental quality and the health
Mayen, 1996). ). Zinc (Zn) is an ubiquitous and of organisms inhabiting polluted ecosystems has

nutritionally essential metal playing a role as cofactor
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received increasing attention during recent years
(Gauthier et al., 2004).

Nowadays, biomarkers, such as glutathione
(GSH), 7-ethoxyresorufin O-deethylase (EROD) and
metallothionein (MT), have been commonly
employed in studies of ecotoxicology and
environmental monitoring (on persistent organic
pollution and heavy metals, respectively) in
supplement with traditional quantifications of
pollutants (Schreiber et al., 2006;). Metallothionein
has been applied in both laboratory and field studies
(Hansen et al., 2006) as a biomarker of metal
exposure.

Metallothioneins (MTs) are low molecular mass
(6-8000 daltons), cysteine-rich (20-30%), metal
binding proteins (Huang et al., 2007) involved in the
binding and regulation of essential metals such as Cu
and Zn, and the detoxification of non-essential metals
such as Cd and Hg (Viarengo et al., 2007). MT plays
an important role in the detoxification of heavy metals
due to its strong binding ability to bind metals; for
example a studies by (Leung ef al., 2005) showed that
everyone mole of MT binds 7 moles of cadmium or
zinc. MT induction represents an early response to
heavy metals presence (Chesman et al., 2007; Van
Campenhout et al., 2008). Several works, including
both laboratory and field studies have established a
dose dependent relationship between Metallothionein
(MT) and trace metal exposure. Since their discovery
in 1957, the existence of MTs was firmly established
in a large number of animals including fish, in which
they occur in visceral organs, kidney, gill and muscle
(De Boeck et al., 2003; Scudiero et al., 2005). ). Fish
Metallothionein (MT) have attracted special attention
in the past 10-15 years, and have been studied in
detail mainly under experimental conditions (Smirnov
et al., 2005).

In fish, the efforts to establish a role for MT have
been focused on the potential function of MT in
reducing the toxicity of heavy metals (Park et al.,
2001), because metal toxicity is often related to
binding of the metal to non-thionein ligands with a
physiological important role that can be inactivated by
metal binding (Mason and Jenkins, 1995).

Several studies in fish have demonstrated
relationships between exposure to metals and MT
expression (Ghedira et al., 2010; Migliarini et al.,
2005; Urena et al., 2007). In general, MT binds to

heavy metals and reduces their toxicity. The use of
biomarkers in biomonitoring can give “early warning”
signals for assessing the elJects of contaminants on
organisms (Li ef al., 2012) and to detect and identify
possible pollutants, so that wunacceptable and
irreversible effects at higher levels of biological
organisation can be avoided (Shulkin et al, 2003),
rather than a mere quantification of their
environmental levels. This makes MT a useful
biomarker in monitoring heavy metal pollution.

Hence, the objectives of our present study were
first to identify the MTs or MT-like proteins of Java
Medaka fish (Oryzias javanicus) as a foundation, then
to investigate the induction of MTs and metal
accumulation patterns within the tissues of Java
Medaka fish (Oryzias javanicus) under long-term
exposure to Zn, and finally to further explore and
discuss the practicality of using MTs as biomarkers
for monitoring heavy metal pollution.

2. Material and Methods
Animal treatment

Specimens of juvenile Java medaka (Oryzias
javanicus) of 0.109-0.117gr (1.4-1.7 cm) were
prepared at the medaka laboratory (collected from
Linggi River estuary of Peninsular Malaysia) in the
Biology Department of Faculty Science of UPM. One
set of glass aquariums, each set with six aquariums
(five different concentrations of metal and one control
with no concentration of metal) were prepared. Every
aquarium was filled with natural Linggi estuary
filtered water as the main habitat water of the fish
with manual water being changed weekly (10 litres
per aquarium). There were 30 juvenile fish inside each
aquarium, with mean length of fish being 1.4 £ 0.7 cm
and mean weight of 0.109 £+ 0.06 gr.

After one week acclimation period, every
aquarium was added the desired concentration of Zinc
as znsos. The doses were 200, 400, 600, 800, 1000
pg/l and O (control). The chosen concentration was
significantly below LC50 amounts of Zn 9-13.5
mg/litter from juvenile to adult Java Medaka fish from
our previous study (Daryoush & Ismail, 2012).
Temperature was maintained between 29 and 31 °C
and dissolved oxygen was at least 90% saturation at
all times and Zn amount of aquarium waters (Linggi
estuary water) were between 0.02-0.08 mg/Lit (Table

).

Table 1: Mean amount of physicochemical parameters in aquariums

Parameter Salinity (ppt) |pH

Temperature (°C) | Conductivity (ms) | O, (mg/lit) | Zn (mg/Lit)

Mean 19.4-19.9 7.6-179

29.3 313

13.84-13.99 6.8-7.1 0.02-0.08

The fish were fed with artemia nauplii four times
daily and the light cycle was 12 hours light; 12 hours
dark during all 60 days of the experiment period.

Mortality of fishes in the 60 days experiment period
averaged less than 10% in the all aquariums.
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After 60 days of exposure, fish were cached
from aquariums and three parts of fish were separated
as gill, caudal muscle, and visceral organs and washed
briefly in ice-cold homogenizing buffer and each
organ was divided into two parts. Two sets of samples
were obtained. The first set was wused for
Metallothienein (MT) analysis and the second set of
tissues was used for cadmium and zinc analysis. All
samples were flash frozen in liquid nitrogen and
stored at - 80°C until start of analysis.

Determination of zinc concentrations in the
samples. The filtrates obtained from biological
samples were determined for Zinc by using an air-
acetylene flame atomic absorption spectrophotometer
(AAS) Perkin Elmer Analyst 800. Standard solutions
were prepared from 1000 mg/L stock solution of each
metal (BDH Spectroso L) and the wavelength was
213.9, nm for Zn. The data were presented in pg/g dry
weight. Multiple-level calibration standards were
analyzed to generate calibration curves against which
sample concentrations were calculated.

Determination of Metallothioneins (MTs)
induction. Metallothionein (MT) content was
analyzed in visceral organs, gills and muscle by the
assay of Viarengo et al. (1997). Pooled tissue of 3-6
Java Medaka fish (Oryzias javanicus) (1.0g) was
homogenised in 3 ml of 20 mM Tris-HCI buffer (pH
8.6) containing 0.5 M sucrose, 0.006 mM leupeptin,
0.5 mM Phenylmethylsulfonyl fluoride (PMSF) and
0.01% pB- mercaptoethanol and centrifuged for 20
minutes at 30,000 g at -4°C. The supernatant (1 ml) of
the sample was purified with 1.05 ml of cold ethanol
(-20°C) and 80 pl chloroform and centrifuged for 10
minutes at 6000 g at -4°C. To the supernatant 40 pL
37%concentrated HCl and 6 mL of cold ethanol were
added and allowed the protein to denature at 1 hour at
-20°C. The mixture was centrifuged for 10 minutes at
6000 g at -4°C and the pellet was saved.

The supernatant was discarded and 1 mL of
previously described homogenizing buffer solution
was added, 6 mL cold ethanol and 80 uL chloroform
and centrifuged for 10 minutes at 6000 g at -4°C. The
supernatant was discarded and dried the pellet with N,
gas. The pellet was resuspended in 150 pL 0.25 M
Nacl and 150 uL 1 N HCI with 4 mM EDTA. To
assess MT content of a sample, 4.2 ml of a solution
containing 2 M Nacl and 0.43 Mm 5.5’-dithio-bis-2-
nitrobenzoic acid (DTNB) adjusted pH 8 with 0.2 M
Na-phosphate (NaH,PO,) were added at room
temperature. After centrifugation at 3000 g for 5
minutes, supernatant absorbance was measured at
412nm in aUV-Visible Recording Spectrophotometer
Shimadzu UV-160 A Model. The MT concentration
was estimated using GSH as a reference standard
(Viarengo et al., 1997) and modification of the
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method described by Ghedira et a/ (2010). Scheme of
MT assay is presented in Figure 1.

GSH contains one cysteine per molecule; thus, it
is a standard for quantifying cysteine in protein
analyses. The amount of metallothionein in the
samples was estimated using the GSH standard,
assuming that 1 mol of MT contains 20 mol of
cysteine (Linde and Garcia-Vazquez, 2006).

Statistical analyses. Statistical analysis was
performed with one-way analysis of variance
(ANOVA) to determine the treatment and time effects
on MT induction and metal accumulation after
exposure to zinc. Duncan’s multiple-range test was
used to evaluate the mean difference among
individual groups at a 0.05 significance level. Results
are reported as the mean and the standard errors (SE).

Result And Discussion

Comparison of Zn and MT levels in Java
medaka fish tissues exposed to different
concentration of Zn. Zinc and it’s depending
Metallothionein content in muscle, visceral organs
and gill in fish groups to different concentration of
zinc were compared.

Muscle: Zinc content and MTs levels in muscle
differed significantly among fish groups exposed to
different concentrations of Zn for 60 days (Figures 2
and 3). Statistically significant differences in zinc
content in fish groups exposed to that metal were
found between control group and groups exposed to
different concentrations of metal.

Significant differences in zinc content in fish
groups exposed to zinc were found between the
groups exposed to control group and groups exposed
to 300, 400 and 500ug/l zinc and between group
exposed to 100 pg/l and groups exposed to 300, 400
and 500 pg/l zinc and between group 200 pg/l and the
groups exposed to 300, 400 and 500 pg/l zinc
(p<0.05).

About MTs level in fish exposed to different zinc
concentrations in the 60 days, the highest content was
found in the group exposed to 500 pg/l zinc
(53.69+4.36 ng/g) followed by group exposed to 400
pg/l (53.22+1.45 pg/g) and the lowest content was
found in the control group (26.08+0.15 pg/g) followed
by group exposed to 100 pg/l zinc (27.16+0.17 ng/g)
(Figure 3). Significant differences among groups were
found between control group and groups exposed to
400 and 500pg/1 zinc, then between group exposed to
100 pg/l and groups exposed to 400 and 500ug/1 zinc
and groups 200 and 300 pg/l with groups 400 and
500pg/1 (p<0.05).

Visceral organs. Zinc and MTs in visceral
organs differed significantly among fish groups
exposed to different concentrations of zinc for 60 days
(Figures 4 and 5).
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Figure 1: Scheme of Metallothionein assay (Viarengo et al. 1997)
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Figure 2: Zinc levels (ug/l) in fish muscle after control 100
exposure to differentconcentrations of Zn with
standard errors after 60 days.
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MT in Muscle (ug/g)
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Figure 3: Metallothionein levels (ug/l) in fish muscle

Significant differences in zinc content in visceral after exposure to different concentrations of Zn, with
organs of fish groups exposed to zinc were found standard errors after 60 days.
between the group exposed to control group and
groups exposed to 200, 300, 400 and 500ug/1 zinc and About MTs level in fish groups exposed to
between group exposed to 100 pg/l and groups different zinc concentrations in the 60-day experiment
exposed to 300, 400 and 500 pg/l zinc and between period, the highest content was found in the group

exposed to 300 pg/l zinc (229.99+2.49 pg/g) followed
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by group exposed to 500 pg/l (227.80+4.18 pg/g) and
the lowest content was found in the control group
(176.60+4.27 pg/g) followed by group exposed to 100
pg/l zinc (176.92+5.47 pg/g) (Figure 5). Significant
differences among groups were found between control
group and all other groups exposed to different zinc
concentrations, then between group exposed to 100
pg/l and all other groups exposed to zinc and at last
between group 200 pg/l and with groups exposed to
300, 400 and 500pg/1 (p<0.05).

Visceral organs Zn
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Figure 4: Zinc levels (ug/l) in fish visceral organs
after exposure to different concentrations of Zn, with
standard errors after 60 days
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Figure 5: Metallothionein levels (ug/l) in fish visceral
organs after exposure to different concentrations of
Zn, with standard errors after 60 days.

Gill

Zinc and Metallothionein content in gill differed
significantly among fish groups exposed to different
concentrations of Zn for 60 days (Figures 6 and 7).

Statistically significant differences in zinc
content in gills of fish groups exposed to that metal
were found between control group and groups
exposed to different concentrations of metal.
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Figure 6: Zinc levels (ug/l) in fish visceral organs
after exposure to different concentrations of Zn, with
standard errors after 60 days.
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Figure 7: Metallothionein levels (ug/l) in fish gill
after exposure to different concentrations of Zn, with
standard errors after 60 days.

Significant differences in zinc content in gills of
fish groups exposed to zinc were found between the
group exposed to control group and groups exposed
t0200, 300, 400 and 500png/1 zinc, and between group
exposed to 100 pg/l and groups exposed t0200, 300,
400 and 500 pg/l zinc and between group 200 pg/l
and the groups exposed to 300, 400 and 500 pg/l zinc
(p<0.05). No significant difference between groups
exposed to 300, 400 and 500 pg/l zinc was found
(p>0.05).

As for the MTs level in gills of fish groups
exposed to different concentrations of zinc in the 60-
day experiment period, the highest content was found
in the group exposed to 400 pg/l zinc (85.91£1.58
pg/g) followed by group exposed to 500 pg/l
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(85.69£1.19 pg/g) and the lowest content was found
in the control group (52.42+0.42 pg/g) (Figure 7).
Significant differences among groups were found
between control group and groups exposed to all other
concentrations of zinc, then between group exposed to
100 ng/g and groups exposed to 200, 300, 400 and
500pg/1 zinc and between group 200 pg/l with groups
300,400 and 500pg/l also (p<0.05). No significant
difference between groups exposed 400 and 500 pg/l

the cadmium content in body sections also increased
(p<0.01) (Table 2).

Muscle is a kind of tissue which is extrinsic to
the target organs for Zinc accumulation and for
Metallothionein (MT) production (Jezierska and
Witeska 2001). In our study, MTs levels had positive
correlation with concentration of Zn in different body
sections of fish. In Visceral organs and gill the
situation was more pronounced because of

was found (p>0.05). accumulation of this metal and because of enhancing
Correlation between cadmium and zinc content of Metallothionein (MT) synthesis in these tissues.
with MTs levels. The highest content of Zinc in visceral organs

Correlation between cadmium content and MTs
levels in all three body sections of java medaka fish
(Muscle, Gill and Visceral organs) was statistically
significant. The correlation was positive; increasing

(111.59+0.85pug/g) was found in the group exposed to
500ug/g Zn. It has been reported that the first target
organ for zinc after exposure of zinc salt in water is
the visceral organs, especially the liver (Glynn and
Olsson 1991; Jezierska and Witeska 2001).

Table 2: Results of Pearson’s Correlation Analysis, relationships between Zn concentration in different tissue of

0.javanicus and MTs levels

Visceral  organs

Visceral organs

MT Gill MT Muscle MT 7N Gill ZN Muscle Zn
Visceral organs |
MT
gill MT 914” 1
Muscle MT 663" 7987 1
Visceral organs . - o
N 88 914 957 838 1
Gill ZN 938" 969 7437 930 1
Muscle Zn 8007 869 909 8927 849™ 1

**_ Correlation is significant at the 0.01 level (2-tailed).
*_ Correlation is significant at the 0.05 level (2-tailed).

The ability of fish species to synthesize
Metallothioneins (MTs) is also different among them.
A difference between red-blooded and white-blooded
Antarctic teleost has been demonstrated. There, the
highest MTs contents are found in the visceral organs
(acute study of 60 minutes of exposure to high Cd
concentration), and hepatic concentration of Cd, Cu
and Zn and Metallothioneins (MTs) shows positive
correlation in red-blooded teleosts (7rematomus
bernacchii) but not in white-blooded teleosts
(Chionodraco hamatus) (Santovito, Irato et al. 2000).

Sex-differences in  the  synthesis  of
Metallothioneins (MTs) have been demonstrated too.
The levels of hepatic MTs in the male dab, Limanda
limanda, are better correlated with cadmium exposure
in the mixture with Cu than in females (Hylland, Haux
et al. 2002). The age of fish is another factor that
needs to be correlated. It is not amazing that the
hepatic and kidney cadmium levels increase with the
age of fish, due to gathering of various metals. Similar
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behaviour has been shown in Metallothioneins (MTs)
application. This is based on findings that both Cd and
MT concentration in fish body sections increase under
conditions of chronic exposure to this ion (Brown,
Bay et al. 1990; Chaterjee and Maiti 1991).

Symptoms of Zn effects show that in low
concentrations, fish had unusual swimming activity
and in high concentrations they showed increased
activity and irritability, imbalance, changed skin
colour, formation of mucus on skin, vertical
swimming and slipped eye, formation of blood spots
around eye and under stomach, gill hyperaemia, and
curvature of the spine at the end of 60 days
experiment especially in the two last higher
concentrations (Figure 8).

In our study, MTs in visceral organs section
showed high levels (above85.91 pg/g) in fish exposed
to 400ug/g of zinc and low levels (below 52.42ug/g)
in the control group of fish exposed to zinc. A similar
trend could be seen in MTs in gill, although the
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stability of MTs content in fish groups exposed to
higher Zn concentration was noticeable. This finding
could confirm the notion that synthesis of
Metallothioneins (MTs) and binding capacity of these
proteins is restricted (Dallinger, Egg et al. 1997).
Furthermore, Dallinger et al (1997) observed that
MTs isolated from visceral organss and kidneys
contained cadmium mainly and thus displaced zinc
and copper. Moreover, they observed that
Metallothioneins (MTs) induction usually needs some
time to develop and settle in after a certain time of
experience (Bigot, Doyen et al. 2009).

It is obvious that MTs can detoxify certain
concentration of zinc only. Zinc ions, which cannot be
bound by MTs, interact with high molecular mass
proteins. This phenomenon may result in toxic effects.
Very similar results were presented in another study
(Chan 2005) in which it was shown that most of the
cadmium (60%) was located in the heat stable
cytosolic ~ component, probably bound by
Metallothioneins (MTs), protecting the visceral organs
from cadmium toxicity. In this study (Yudkovski,
Rogowska-Wrzesinska et al. 2008), the authors paid
their attention to cadmium distribution in yellow
perch (Perca flavescens) visceral organs. Perches
were under several natural long-term exposures to
water-borne cadmium. They showed that fish hepatic
cellular components, fractionated by differential
centrifugation, sequestered cadmium in constant
ratios. Cadmium was bound by both cadmium-
sensitive and resistant cellular components. Bio-
accumulated amounts were in correlation with the
exposure intensity.

It was demonstrated that induction of MTs
synthesis by Zn depends on the way of metal uptake
by the fish. The way for metal uptake in fish appears
to be via gills, intestine and skin, but the virtual
amount of these ways varies, depending somewhat on
the chemical and physical features of water and
sediments (Couillard 1997).

In the environment, metals are presented as free
ions or as complexes with suspended particles and
sediments. Transition metal ions dissolved in the
ambient water are adsorbed through the gills
(Yudkovski, Rogowska-Wrzesinska et al. 2008) and
other permeable body surfaces. Metals bound to solid
particles are ingested detached from their carrier
particles in the digestive system and absorbed through
the gut epithelium (De Smet and Blust 2001).

It has been shown that absorption of Zinc by
visceral organs is much more competent (17-18%)
than through physiological intake (0.32-0.44%) in the
sentinel fish (Lithognathus mormyrus) (Alvarado,
Quesada et al. 20006).

We have shown that MTs have an important role
in zinc detoxification in fish. The level of zinc was
closely related to the increase of MTs level.
Correlation between zinc content and
Metallothioneins (MTs) concentration in tissues of
visceral organs, gill and muscle was positive and this
fact was statistically significant in most of the groups
exposed to Zn. In the similar study, Zn accumulations
in the tissues were reported in the following order:
kidney > visceral organs > gills and concentration of
Zn binding Metallothioneins (MTs) ((Zn)-MTs) was
in the following order: visceral organs > kidney > gills
(Berntssen, Aspholm et al. 2001).

Figure8: Noticeable changes in the body of O. javanicus fish after expose to Zinc concentrations.
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Table 3. Different levels of Metallothionein in different aquatic organism.

Organism Organel Determined range Reference
Visceral organs 2.32+0.35 mg/g

Liza aurata Kidney 1.56+0.21 mg/g (Filipovi and Raspor 2003)
Brain 1.344+0.24 mg/g
Visceral organs 2.11+1.13 mg/g

Mullus surmuletus Kidney 3.41+0.89 mg/g (Filipovi and Raspor 2003)
Brain 1.36+0.15 mg/g

Anguilla anguilla
Brown Trout

European eel

Eel Anguilla anguilla
Common carp
Sparus auratus
Seriola dumerilli
Salmo salar

Sparus auratus

zebra mussel

Oryzias javanicus
Oryzias javanicus
Oryzias javanicus

Visceral organs
Visceral organs
Kidney

Visceral organs
Visceral organs
Visceral organs
Visceral organs, gill
Different parts
Different parts
Different orgalels
Different parts
Gill

Visceral organs
Caudal muscle

280-2580 pg/g

110 ng/g

13 pg/g

100-180 pg/g
350-3500 pg/g

15 nmol SH/mg
50-450 pg/g
200-1800 ng/g
120-168 pg/g
22.04-399.53 pg/g
69.33-346.329 ng/g
52.42-85.69 ng/g
176.60-227.80 pg/g
26.08-53.69 ng/g

(Langston, Chesman et al. 2002)
(Linde, Sanchez-Galan et al. 1998)

(Linde, Sanches-Gallan et al. 2001)

(Noel-Lambot, Gerday et al. 1978)
(Gorbi, Baldini et al. 2005)
(Ghedira, Jebali et al. 2010)
(Dallinger, Egg et al. 1997)
(Berntssen, Aspholm et al. 2001)
(Ghedira, Jebali et al. 2010)
(Frank, Singer et al. 2008)

This study

This study

This study

And our results show Zn accumulation in the
medaka fish tissues was in the following order:
visceral organs > gill > muscle, and concentration of
MTs binding with Zn it was in the following order:
visceral organs > gill > muscle; for fish groups
exposed to Zn in different concentrations. However,
in another study(Huang, Zhang et al. 2007) the
authors showed that accumulation capacity of every
single organ depends on other metals in water.
Common carps coexposed to cadmium, mercury and
lead had the amounts of cadmium in this order: kidney
> gills > visceral organs > muscle and
Metallothioneins (MTs) were in the order of: gills >
kidney > wvisceral organs > muscle. Detailed
explanation of the reason for this would require
further study.

Conclusion: Our results showed that Zn
accumulation in the medaka fish tissues was in the
following order: visceral organs > gill > muscle for
Zn, and concentration of MTs binding with Zn was in
the following gill > visceral organs > muscle for fish
groups exposed to different Zn concentrations. Range
of MT in the gill, caudal muscle and visceral organs
was: were 26.68-53.69 ng/g, 52.42-85.69 pg/g and
176.60-227.80 pg/g caudal muscle, gill and visceral
organs respectively in fish exposed to different Zn
concentrations. The results show that with increasing
level of both zn concentrations, level of MT also
increased. Values were elevated in fish visceral organs
in correlation to physiologically occurred levels. The
low MT content in gills and caudal muscle could be
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attributed to low binding capacity of this organs to
metals. Synthesis of metal-binding thionein ligands
has been reported in fish gill (De Boeck et al., 2003;
Lange et al., 2002) but the amount is likely low
because this synthesis occurs primarily in chloride
cells of the gills and much less in the other cell types
(Chao Dang et al., 2000) which comprise a minority
(<10%) of the branchial epithelial surface area. Some
investigators have suggested that the gill does not
constitute a good organ for MT quantification
(Hamza-Chaffai et al., 1997). In the present study the
values of MT in gills were found lower compared to
visceral organs but higher than muscle. In addition,
many studies have illustrate that MT mRNA and the
MT protein are highly correlated with heavy metal
levels at low doses, but the expression is reduced at
high doses (Wu et al., 2000) when the heavy metal
treatment dose or time exceeds the fish’s resistance,
and similar effects are not specifically limited to
heavy metals as seen in in vivo studies. Over time
tissues metal concentrations increase and then
stabilize (McGeer et al., 2000) and ultimately, the
internal physiology of the animal either returns to the
pre-exposure condition or new equilibrium is
established. Metals uptake depends not only on
bioavailability, but on ecological needs and metabolic
activity of species.

The results of our study are confirmed by the
findings of other authors (Fabrik, Ruferova et al.
2008) who concluded that the concentration of
cellular stress proteins (including Metallothioneins
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(MTs)) is a good indicator of water pollution.
However, it has been reported that MT level is a good
bioindicator of heavy metals pollution in Salmo trutta,
but not in Anguilla anguilla (Linde, Sanches-Gallan et
al. 2001). Therefore, it could be concluded that not
every fish species is suitable for biomonitoring. We
have demonstrated in our study that the Java Medaka
fish (Oryzias Javanicus) could be considered as a
specimen of fish suitable for this purpose. This study
of MTs as biomarker suggests that there is connection
between some heavy metals contamination and MTs
production in Java Medaka fish (Oryzias Javanicus).
Also, the higher heavy metals concentrations and MTs
levels have confirmed the role of MTs in metals
homeostasis and detoxification. Therefore, MTs
content can be as an effective biomarker for metal
stress in Oryzias. Javanicus (Table 3).

Recommendations for future research

1. Biological factors such as age, sex,
reproductive status as well as hormone levels may
influence MT induction, therefore increasing response
variability should be considered into account when
MT is to be used as a biomarker.

2. The presence of different variety of MT
inductors unrelated to metals contaminants in the
environment, requires more detailed studies to
establish a relationship and patterns between these
environmental contaminants and MT induction in Java
Medaka fish in the west coast of Peninsular Malaysia.
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