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Abstract: Immunohistochemical techniques have been used to identify Metallothionein3
(MT3) expression specifically to detect MT3 levels in the kidney. The techniques employed
are highly sensitive, thus allowing the detection of very low amount of proteins with the
use of antibodies. The present study aimed at identifying the MT3 expressions and
localizations in the kidney tissue of estuarine catfish Arius thalassinus from Kuala Gula
using immunohistochemical methods. Primary mouse monoclonal anti-MT3 (1F11),
primary antibody (1:2000), secondary antibody and Goat anti-mouse 1gG2 (1:2000) were
used. MT3 bands were detected using (Santa Cruz kit USA method). Heavy metals (Cd,
Pb, Zn and Cu) were determined using aqua regia’s methods followed by analyses with
AAS. The results showed high expressions of Metallothionein3 (MT3) with an increasing
concentration of heavy metals. Large catfish A. thalassinus had higher accumulation of
heavy metals concentrations therefore, exhibiting higher expressions than smaller sized
fish. The concentration of heavy metals in fishes were: Zn (284.00 £29.7, 259.32+ 23.2
and 240.90£20.3 pg/g-1 dw), Cu (7.00£1.7, 6.90+1.3 and 5.60+1.8 ug/g-1 d.w), Pb
(66.80+10.8, 35.31+6.4 and 26.02+6.9 ug/g-1 d.w) and Cd (1.32 + 0.12, 1.19 +0.12 and
1.20+ 0.09 ug/g-1 d.w) in large, medium and small fish respectively. The results of this
study suggests it suitability as biomarker candidate for pollution assessment in the
aquatic environment. The different MT3 expressions in different sized fish and different
polluted places showed the potential use of MT3 as biomonitoring biomarker for heavy
metals exposure in an aquatic environment.
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1. INTRODUCTION

Toxicity of Heavy metals in fish as aquatic organism and their dangers were reported by
many researchers from Malaysia [1,2,3,4,5,6,7,8,9,10].

Most of the aquatic organisms were reported to accumulate heavy metals in their tissues.
Consequently, fish is considered as one of the aquatic pollutant recipients and can
accumulate a significant heavy metals concentration in their tissues [11, 12]. Since fish is
consumed by a significant number of the human population worldwide as part of their
diet, they are considered the top consumers according to the food chain hierarchy.
Accumulation of heavy metals in the human body is capable of posing chronic toxicity if
their levels exceed the concentration levels necessary for body metabolisms. Biomarkers
being sensitive indicators of early effects of heavy metals in the coastal environment are
considered useful tools for monitoring some pollution effects. Any pollutant is a potential
inducer of stress in ecosystem biota[13]. Therefore, in order to get a better monitoring
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perspective and showing a clear picture of the damage of the heavy metal, the use of
metallothioneins, MT3 as biomarker can be a complementary technique to evaluate the
extent of pollution in the affected areas and assess the level of concentration and
accumulation of heavy metals in the animal’s tissues [14]. Therefore, expression is
generally used to illustrate animals’ cellular stress indicators as well as the intracellular
signal for induction.
Methallothionein-3 (MT3) is known as a growth inhibitory factor, hence, recent studies
have shown its ability of Metallothionein3 (MT3) expression in different organs such as
the stomach, heart, kidney, and reproductive system [15,16]. MT3 has metal bonding
properties with the highest affinity to Cu, Zn, Cd and Pb [14, 17, 18], and indicating acute
inflammation stress of cells in animals [19, 20] when compared to MT1 and MT2. This
protein provide protection against oxidative stress [21, 22]. The ability MT3 to bind to
heavy metal renders the MT3 an important mediator or reduced heavy metal-induced
toxicity. Previous studies suggested Metallothionein3 (MT3) as a good biomarker for
pollution in the environment [12, 20] and can be indicated as antioxidants having the
potentials of reducing several pathologic processes in the chemotherapy treatment of
tumor cell resistance[14]. Furthermore, several methods have been developed for
Metallothionein3 (Mt3) detection such as the spectrophotometric method, western blotting
method, RT-PCR method as well as immunohistochemical method [18].
Immunohistochemistry (IHC) is a method which is a combination of three techniques
known as biochemical, immunological and anatomical in order to provide image of the
discrete components found in tissues through the use of appropriately-labelled antibodies
to bind specifically to their target antigens in situ. Due to its advantages, this method can
detect the affected tissues through the use of antibodies [20]. It is very sensitive in
detecting proteins which binds to specific antibodies, thereby allowing the production of a
clearer picture of the Metallothionein3 (MT3) expression inside the organs. In addition, an
antibody is conjugated to an enzyme, such as peroxidase. This peroxidase can catalyze a
color-producing reaction. Lastly, the accumulation of the following metals Zn, Cu, Cd,
and Pb induced Metallothionein3 (MT3) in different organs of catfish such as liver, gill,
and kidney. The immunohistochemistry studies were conducted to determine the possible
impact of contamination due to the presence of heavy metal in different tissues. Health
condition of the environmental caused by anthropogenic impacts is usually monitored
using aquatic organisms. The main objective for this study is to identify the
Metallothionein3 (MT3) expressions and localizations in the kidney of different sized
estuarine catfish Arius thalassinus and examine the responses due to stress obtained from
Kuala Gula area using a biomarker to assess the fish’s response to exposure to heavy
metals (Zn, Cu, Pb, and Cd) by using immunohistochemical methods.

2. MATERIALS AND METHODS

2.1 Experimental design

The estuarine catfish Arius thalassinus were collected from Kuala Gula at (N
410816°90”’- N 40563/750 to E 10110854320”- E 100028/47.89”), Perak, Malaysia.
Thirty samples of fishes were caught by fishermen. Three different sizes were categorized
as indicated in (Tablel) and Chrysochir aureus (fish with low heavy metals content)
served as reference fish also obtained were by fishermen in the respective areas of this
study. The samples collected were placed in separate labelled clean polyethylene bags,
stored in an ice-chest and transported to the laboratory for further analysis.
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Table 1. Length and Weight of Small, Medium and LargeArius thalassinus

Size group Length (cm) Weight (g)
Small 13.0-16.5 29.3-595
Medium 17.0-19.7 41.0-72.3
Large 21.0-25.5 165.0 - 201.7

2.2 Heavy metal analysis

All the samples of catfish A. thalassinus were dissected with clean stainless steel
dissecting apparatus. Kidney tissues were removed following [23], [24]and [25]. All the
samples were oven-dried at 60°C for 72 h or until achieving a constant dry weight (dw).
About 0.5g dried tissue sample was taken from each plus 10 ml of HNO3 (AnalaR Grade,
BDH 69 %) were digested and stored. Heavy metals concentration (Zn, Cu, Pb and Cd)
determination was carried out by an air-acetylene flame atomic absorption
spectrophotometer (AAS, Perkin-Elmer Model Analyst 800, Shelton, CT, USA). For
immunohistochemistry studies, five specimens for each small, medium and large Arius
thalassinus and Chrysochir aureus were used.

2.3 Immunoperoxidase Staining

Immunohistochemical evaluation of MT3 was performed as described by [13, 20] and
determined at 48 hours following five micrometre thick paraffin sections through matched
coronal levels of the MT3 stained with Mouse monoclonal anti-MT3 (1F11) primary
antibody (1:2000) with the aid of standard immunoperoxidase techniques. Briefly,
paraffin sections of fish gill and liver were deparaffinization and rehydration in decreasing
alcohol dilution with distilled water. For antigen retrieval, all the slides were put in a
solution consisting of 150 pl of trypsin plus 150 ml of PBS and then put in the oven for 15
min 37°C. The samples were incubated for5 min 15 ml in PBS three times. All the
samples were incubated with a 3.0% hydrogen peroxide, then all samples incubated for
one hour in 1.5% blocking serum; in this step, 75ul normal blocking serum combined
with 5ml PBS. After that, it was washed with PBS for 15 min, 5min for each. MT3
immunoreactivity was detected with a conjugated horseradish peroxidase (HRP-
conjugated) 1gG secondary antibody at 1:2000 dilutions and ImmunoCruz mouse ABC
Staining kit. We counterstaining all slides with Mayer’s haematoxylin visualized in light
microscopy.

2.4 Statistical Analyses

The data were analyzed using One way ANOVA procedure of the Statistical Package of
Social Science (IBM SPSS) package (IBM Corp. IBM SPSS Statistics for Windows,
Version 22.0. Armonk, NY: IBM Corp.). For simple analysis of few parameters,
parametric analysis using statistical package SPSS version 22 was employed[26]. The
significance was reported at P < 0.05 levels. However, in the field, multiple parameters
interact with each other with varying degrees. Hence, non-parametric statistics were
employed [27, 28, 29]. Non-parametric analysis using ranked value was used to indicate
the expression in different species, different sizes, and different organs. P<0.05 was
considered statistically significant. The rank-based analysis offers alternative methods to
interpret complex multi-parameter data that do not require the data to be normally
distributed and in the presence of outliers. With this approach, the effect of outliers can be
minimized, plus any problem of skewness is avoided because all rank is equally distanced
from each other. The main aim of the present study is to observe the trend and relationship
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between different parameters, their overall interactions with variables. Therefore, if the
data are handled non-parametrically, those issues can be elucidated clearly.

3. RESULTS AND DISCUSSION

3.1 Heavy Metals Accumulation in Different Fish Size and Tissues:

The results showed Zinc (Zn) concentrations were highest in all tissues in different sizes
of kidney tissues, moderate for Pb, and Cd was the lowest (Table 2). Large catfish A.
thalassinus exhibited a higher accumulation of heavy metals than medium and small. The
concentration of heavy metals fishes were as follows: Zn (284.00 +29.7, 259.32+ 23.2 and
240.90+20.3 pg/g-1 d.w), Cu (7.00+£1.7, 6.90+1.3 and 5.60+1.8 pg/g-1 d.w), Pb
(66.80+10.8, 35.31+6.4 and 26.02+6.9 ng/g-1 d.w) and Cd (1.32 + 0.12, 1.19 +0.12 and
1.20+ 0.09 pg/g-1 d.w) in large, medium and small fishrespectively.

Table 2: Mean Concentration of Zn, Cu, Pb and Cd in different Size of Kidney of
Small, Medium, And LargeA. thalassinus (pg/g d.w +SD)

Small Medium Large
Zn
240.90£20.3 259.32+ 23.2 284.00 £29.7
1) 2) 3)
Cu
5.60%£1.8 6.90+1.3 7.00£1.7
1) 2) 3)
Pb
26.02+6.9 35.31+6.4 66.80+10.8
1) 2) 3)
Cd
1.20+ 0.09 1.19 £0.12 1.32+£0.12
1) 2) 3)

Remark: Value in bracket is ranked value. High value gets the highest score. 10
specimens of each size for each species

Present work have demonstrated that heavy metals contamination in the river in fish from
Kuala Gula and the contaminations were slightly higher (Table 2) due to human activities
in this river [4, 30]. From this study, large fish size showed higher accumulation of heavy
metals similarly reported by [31, 32, 33]where the heavy metals concentration increase
with increasing age or size.

Zinc (Zn) register a higher accumulation in the kidney of large fish, while Cu
accumulation was lower. There is the possibility that Cu metal was either completely
removed or excreted through gills, kidney or liver tissues of A. thalassinus through
specific metabolism process and coenzyme catalysts reaction taking place in the kidney
[34].

From the results, Pb showed the second-highest accumulation while Cd was the lowest in
the kidney of fish. Similar results were also reported by [35]who reasoned that an increase

Volume 23, Issue 6, June - 2021 Page -189



Journal of University of Shanghai for Science and Technology ISSN: 1007-6735
in heavy metals concentration such as Pb and Cd in Kuala Gula was due to an increase in
human activities coinciding with the period of the annual migration of birds from January
to April. A large number of tourists visited this area to watch the migratory birds. Their
use of boats and vehicles contributed significantly to the pollution of the river.

3.2 Expression of Metallothionein3 (MT3)

From the results, the expression of Metallothionein3 (MT3) (indicated by brown color) in
catfishes A. thalassinus of different sizes, of catfish, kidney of large fish showed higher
expression than the medium and small-sized fish. The kidney of reference fish
(Chrysochir aureus) however exhibited negative expressions (absent of brown color) due
to low concentrations of Zn, Cu, Pb and Cd heavy metals than in two species of catfish
(Figure 1).

Most Metallothionin3 (MT3) protein expression indicated in the kidney was in cytoplasm,
renal corpuscles, and renal tubules. It was progressively positive from mild, moderate to
severe expression.
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Figure 1. Kidney of reference fish Chrysochir aureus (a) renal corpuscle
and renal tubule showing negative expression of MT3 (arrows); (b) small
catfish ~ A. thalassinus, positively expression of MT3 and
immunolocalization in cytoplasm of kidney (stars) and renal tubules
(arrows); (c ) Positively expression of MT3 on medium catfish A.
thalassinus from Kuala Gula, cytoplasm of kidney (stars) and renal tubules
(arrows); (d) Positive expression of MT3 on large cat fish A. thalassinus in
renal tubule (arrows), cytoplasm and around renal tubule (stars) from Kuala
Gula, Scale bars: 20 (a, b)and 50 (c, d) um.

The results of this study showed that Metallothionein3 (MT3) expressions were present in
different tissues of (small, medium and large) catfish. Large A. thalassinus showed more
intense expression of Metallothionein3 (MT3) than other size categories, most likely due
to higher heavy metals accumulation in the tissues. However, in Chrysochir aureus as a
reference fish, the metal concentration was low and the MT3 induction was absent. A
similar result was also reported by [36], suggesting that MT3 expression increased with
increasing age which corresponding with the fish’s size. They speculated that the
mechanism of MT3 homeostasis is related to the control and regulation of heavy metal
and toxic substances.

The tissues with MT3 induction through the activation of MT3 protein was indicated in
the form of brown color. In the reference fish group, Chrysochir aureus although the
specie was different from the test fish, living in different niche and with different feeding
habit, fish was low in heavy metal content and therefore did not show MT3 induction. It is
very likely that low heavy metal concentration did not activate MT3 protein, hence this
fish exhibit negative expression with MT3
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The higher level of MT3 in the tissues of fish that was exposed to effluent may suggest
adaptation mechanisms developed by stressed fish via isolating undesirable metal load.
The presence of brown morphology indicated that cells have activated the protein MT3 in
the organs of fish. The higher concentration and higher binding effects of Zn, Pb, Cu and
Cd, the higher bioaccumulation and biomagnification formation through the food chain in
their tissues. The effects of heavy metals Cu, Zn, Cd, and Pb in water and sediment can
also be reflected through MT3 expression in both species investigated. The presence of
brown tissues in the different size of kidney clearly demonstrates the high presence of
activation MT3 protein.

Increased concentration of heavy metal leads to a change in cell structure and this might
be related to the protection strategy of A. thalassinus in response to stress from heavy
metal accumulation. Activation of MT3 protein in A. thalassinus gradually developed in
conjunction with steady increase in heavy metal concentration. The phenomenon was
validated in the present study by the activation of MT3 protein in the two catfish species.
Similar finding was reported by [37]who mentioned that Metallothionein expression in
fish is often associated with the organs involved in metal uptake, metabolism, and
excretion which is the kidney. Another study by [38]stated that significant cellular
protective processes could be linked with metallothionein proteins. Such cellular
protective processes include; protection against immunotoxins, hemotoxins, nephrotoxins
and inactivation of hydroxy! radicals.

Consequently, through the choice of A. thalassinus, good experimental design, and right
tissues to be analyzed, MT3 concentration can be regarded as the most reliable biomarker,
signifying that a cell is responding to an increased trace metals exposure. Furthermore, an
increase in heavy metal concentration might be linked to diverse kinds of anthropogenic
discharged from industrial and domestic wastes that were not properly treated in the
vicinity of the river [38].

The role of MT complexes in the tissue of a fish is to deactivate excess load of heavy
metal through detoxifying its antagonistic influence in the fish biosystem flourishing in
the stress environment (ambient water) containing toxic metals [39]. Lee et al. [40],
stated that kidney tissues are the target organs possibly as a result of their functions in
detoxifying and releasing toxic substances in the body of organisms. Chronic exposure to
Pb in these organs caused a high accumulation of Pb. The further increment can disturb
the balance of antioxidants and capable of triggering oxidative stress. Pb poisoning and
induced stress progressively increased antioxidant responses. Additionally, when the fish
was exposed to Pb, it will cause toxicity effects to membrane function and structure due
to its high affinity to red blood cells, which increases vulnerability to oxidative stresses.
Many biological variables, such as age and sex, can also influence MT induction, thus
increasing the variability of the response [41].

Waterborne Pb exposure pathway mostly entered via the gills, while dietary pathway
entered through other internal target tissues [40]. However, MT3 is increasing its
expression in parenchymal tissues because they have a very active mechanism for
accumulation, metabolizing, and depuration of metals [42]. These are the logical reasons
for the increase of MT3 expressions in the kidney. Sow et al. [10], reported an increase of
MT expressions in the liver than gills because the liver serves as metals storage that is
required by enzymes and metabolic function and detoxification roles.

Among the heavy metals studied, Cd and Pb are nonessential, thus more disruptive than
Cu and Zn and MT s also involved in the metabolism of zinc and copper [43].

Present findings have shown that the activation of MT3 protein progressively increased
with increasing heavy metals (Zn, Cu, Pb, and Cd) concentration. It became apparent that
cells experiencing activation of MT3 protein exhibiting brown color, spreading and
forming cell groups.

The immune labelling present in Kidney tissues after heavy metals (Zn, Cu, Pb, and Cd)
exposure was higher than in reference fish. With immunohistochemistry techniques, the
cells undergoing activation of MT3 protein will produce brown color formation which
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spreads and later forming cell groups (Figure 1). With respect to the increasing
concentration of Zn, Cu, Cd, and Pb heavy metal, the brown coloration expression in the
kidney cell, liver and gill also increased in its intensity indicating higher manifestation of
activation protein MT3 [44, 45]. Furthermore, the increase in the concentration of heavy
metal also resulted in changes in the cell structure and could be linked to a protective
strategy in defense against stress due to the build-up of heavy metal. There is a strong
correlation that a high concentration of heavy metals results in the high development of
activation protein MT3 [46, 47].
As mentioned earlier, urbanization activities, animal production, processing industries,
manufacturing industry and agriculture/agro-based industries were among the important
sources of heavy metals contamination into the river. As such, the localization and the
expression of individual MT isoforms are also intracellular variations. This
metallothioneins isoform differs from the common MT in the regulation of gene,
transcriptional regulation during development as well as the phenotype of transgenic
animals. MT3 correspondingly possessed metal-binding characteristics with the highest
affinity to Cu, Zn, and Cd. The study of the metal binding property of MT3 revealed that
MT3 has a bigger affinity compared to MT1 and MT2. Furthermore, detection and
guantification of MT were not easy to perform due to low molecular mass and
comparatively high content of cysteine [16].

4. CONCLUSION

The increasing of differential MT3 expressions in different sized fish with increasing
accumulation of heavy metals may indicate the versatility of MT3 as a biomarker tool of
biomonitoring heavy metals exposure in an aquatic system. The increasing of protein of
Metallothionein3 presence inside the cells to protect the animals from the toxicity of
metals as Metallothionein3 (MT3) is expressed mostly in brain tissue but is also able to be
detected in another organ such as the kidney.

The additional advantage is that the use of Metallothionein3 (MT3) provides a graphic
expression of biomarker that is beneficial in providing a better understanding of the
impact of pollutions at the cellular level and heavy metals contamination in rivers.

The difference in the characteristic of localization/induction of MT3 in various cell types
as stated in the present study may suggest that the specific expression of MT3
quantification could be adopted in bio-monitoring programs as a biomarker of Zn, Cu, Pb
and Cd heavy metals exposure in aquatic environments.
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