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ABSTRACT

The objectives of this study were to evaluate the toxicity of Cu and Cd on the juvenile of milkfish
(Chanos chanos), their impact to osmo regulation and histological changes of the gills. Mortality
increased with increasing Cd and Cu concentration. The 96 h LC50 with 95% confidence limits
were 154.27 (129.27-184.11) mg/L Cd and 20.27 (17.33-24.18) mg/L for Cu. Increasing Cd and Cu in
media increased the SO of fish. The level of gill damage increased with increasing Cd and Cu
concentration of media. The changes in gill morphology due to exposure to Cd and Cu in this study
could be a defense response of fish to metals in the environment, since all fish still alive during
the experiment.
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INTRODUCTION

Milkfish (Chanos chanos, Forsskal, 1775) commonly
live in tropical offshore marine waters around
islands and along continental shelves, at depths of 1
to 30 m. They also frequently enter estuaries and
rivers (Froese et al., 2015). The milkfish is an
important seafood in Southeast Asia and some
Pacific Islands (FAO, 2020). Milkfish are normally
harvested at sizes of 20-40 cm (about 250-500 g), and
marketed mostly fresh or chilled, whole or deboned,
frozen, or processed (e.g. smoked fish deboned, and
pressure cooked milkfish). In general, all marketed
milkfish are produced in farms, only a few being
caught from natural waters (FAO, 2020).Milkfish is
the popular seafood product of Indonesian fishing
towns, such as Juwana and Semarang in Central
Java, and Sidoarjo and Surabaya in East Java.In Java
Island, most milkfish ponds are located along the
coastal area, however coastal waters may be
contaminated with heavy metals, including
cadmium (Cd) and copper (Cu), because of human
activities (USEPA, 2007; Asih et al., 2013; Soegianto et
al., 2013; Nursanti et al., 2017). Hence, the impacts of

these metals on milkfish culture should be
considered.

Cu and Cd are commonly found in aquatic
systems as a result of both natural and
anthropogenic sources (USEPA, 2007). In most
natural waters, Cu and Cd are usually present at low
concentration, however, in polluted waters, the
concentration of Cu can reach 0.85–7.75 mg/L
(Boran and Altinok, 2010; Asih et al., 2013), and as
high as 200 mg/L especially in and near mining
areas (USEPA, 2007), meanwhile the concentration
of Cd was up to 16.1 mg/L in polluted waters (Cao
et al., 2012).

Cu is an essential element required by all living
organisms because it plays prominent roles in a
variety of physiological and biochemical processes
(Solomon and Lowery, 1993). Although copper is an
essential element, however, it can be very toxic
when its cellular level is elevated (Pena et al., 1999;
Usman et al., 2013). Cd is a very toxic metal, without
apparent physiological function (White and
Rainbow, 1986).

It has been known from toxicological studies that
elevated metals concentrations in water can lead to
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increased metals levels in the gills of aquatic
organisms (Grosell and Wood, 2002; Soegianto et al.,
2013; Nursanti et al., 2017), and alters the function of
the gills by causing severe osmotic and ion
regulation, gas exchange, and excretion of metabolic
waste products (Cerqueira and Fernandes, 2002;
Monteiro et al., 2010; Adhim et al., 2017; Listiyani et
al., 2018; Novianty et al., 2019). This study was
undertaken to evaluate the toxicity of Cu and Cd on
the juvenile of milkfish (Chanos chanos), and their
impact to osmoregulation.

MATERIALS AND METHODS

Fish acclimation

Milk fish Chanos chanos approximately (8.5 ± 1.2 cm
total length) were collected from a commercial farm
in Gresik, East Java, Indonesia. Milk fish were
transported to laboratory and acclimated for
adaptation for 2 weeks to 30 ppt salinity. They were
fed twice a day with commercial pellets at libitum.
Salinity was measured by using hand held salinity
refractometer (Atago, Japan). Seawater was
obtained from the commercial marine fish
aquariumnear to the university. Seawaters were
filtered through gravel, sand and sponge filter.
Throughout the acclimation and experimentation
tests, temperature was measured using mercury in
glass thermometer (ºC), pH with pH meter (Hanna
Model HI 981502, China), and the dissolved oxygen
(DO) with DO meter (Lutron DO 5510, Taiwan).  The
values of temperature, pH and dissolved oxygen
were 28 - 30 oC, 7.55 - 8.05 and 7.1 - 7.6 mg/L,
respectively, with a natural photoperiod. The
experiments in the present study were conducted in
accordance with the principles and procedures that
were approved by the Institutional Animal Care of
Universitas Airlangga.

LC50 assessment

The median lethal concentrations (LC50) of Cu and
Cd to milk fish were done over a period of 96 h. The
LC50 value then will be used as a basis for
establishing of sub-lethal Cu and Cd concentration
for next experiment. Stock solutions of Cd and Cu
were prepared by dissolving Cd (NO3)2.4H2O
(Merck, Germany) and CuCl2.2H2O (Merck,
Germany) in double distilled water respectively.
Experimental concentrations (nominal metal
concentrations) were prepared by addition of
adequate volumes of the stock solution to test

media.  The background Cd and Cu concentrations
of seawater determined by atomic absorption
spectrophotometer (Shimadzu, AA-6200) were
<0.001 mg/L Cd and 0.006 ± 0.003 mg/L Cu,
respectively.

After acclimation, milk fish were divided into
groups of 10 individuals and exposed to
experimental media in 60-liter plastic tanks.  The
effect of exposure to Cd (0, 10, 20, 40, 80, 160, 320
mg/L) and Cu (0, 5, 10, 15, 20, 25 and 30 mg/L) was
tested at salinities of 30 ppt.  Each bioassay was
triplicated and the animals were not fed during the
tests. Test media were continuously aerated, but
were not renewed.  Survival was recorded after 24,
48, 72 and 96 h, and dead individuals were removed
at these times. The trimmed Spearman-Karber
method was used to calculate metals concentrations
causing mortality of 50% of the individuals tested
(96-h LC50) and the associated 95% confidence
intervals (Usman et al., 2013).

Sub-lethal effect of metals on serum osmolality and
histology of gills

Seven groups of five C. chanos were exposed for 7
days to a sublethal concentrations of cadmium (30,
60 and 120 mg Cd/L) and copper (5, 10 and 15 mg
Zn/L) at 30 ppt salinity, while no metal was used for
the control group. Each group was duplicated and
the animals were fed during the tests at libitum. Test
media were continuously aerated, and renewed
every 48 h. After seven days, five fish from each
treatment were randomly selected and anesthetized
with 200 mg/L clove solution (Soegianto et al., 2017),
blood was sampled by puncturing the heart using a
1 ml non-heparinized syringe. Blood samples were
centrifuged at 5,000 rpm for 10 min at 4 oC to
separate the blood serum and cells. About 20 µL of
sera was drawn from each of the control and
exposed fish, allowing osmotic pressure
determination.  The osmotic pressures of the
hemolymph were measured with an osmometer
(Fiske® 210 Micro-Sample Osmometer, USA) and
expressed in mOsm/kg.

For histological study, the gills were carefully
excised and xed in 4 % buffered formalin, embedded
in parafn, sectioned at 8 µm thickness on a
microtome (Microm HM 315, Walldorf, Germany),
stained with hematoxylin and eosin, and examined
with a microscope (Olympus CX41, Tokyo, Japan).
Gills were histologically examined for each
treatment.
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Statistical Analyses

All data were expressed as mean ± standard
deviation, verified their normality and homogeneity
before used for statistical analysis. All statistical
analyses were performed in IBM SPSS version 21
(IBM Corp., Armonk, NY, USA). If data did not meet
the assumption of normality and homogeneity of
variance, data were log transformed. Statistical
analysis of the data was performed using one-way
ANOVA followed by a Tukey’s HSD post hoc
comparison test to evaluate effect of metals on
serum osmolality. Differences were considered
statistically significant at p < 0.05.

RESULTS NAD DISCUSSION

LC50 assessment

No fish died in the control treatments. Mortality
increased with increasing metals (Cd and Cu)
concentration. Mortalities of 100% were observed
for fish exposed to 30 mg/L Cu and 320 mg/L Cd
respectively. The 96 h LC50with 95% confidence
limits were 20.27 (17.33-24.18) mg/L for Cu and
154.27 (129.27-184.11) mg/L Cd (Table 1). C. chanos
was more sensitive to Cu than to Cd.  Our results
were in accordance with the finding of
Rachmansyah et al., (1998) who reported that the 96
h LC50 of Cu (3.93 mg/L) on C. chanos larvae was
lower than that of Cd (14.77 mg/L).  Nursanti et al.
(2017) demonstrated that the 96 h LC50 of Cd to
tilapia Oreochromis niloticus was (7.53 mg/L),
moreover, Novianty et al. (2019) reported that the 96
h LC50 of Cu to O. niloticus was 26.02 mg/L.The LC50

of Cd and Cu for Rivulus marmoratus were 21.1 and
1.4 mg/L, respectively, whereas those for Fundulus
heteroclitus were 18.2, and 1.7 mg/L, respectively
(Lin and Dunson, 1993). Tavares-Diaz et al. (2011)
demonstrated that the 96 h LC50 of Cu to tambaqui
Colossoma macropomum was 17.5 mg/L. For silver sea
bream Sparus sarba fingerlings, the 96-h LC50of Cu
was reported at 1.03 mg/L (Wong et al., 1999). The
96-h LC50 of Cu for Japanese flounder Paralichthys
olivaceus and red sea bream Pagrus major ranged
from 8.7-12.2 mg/L and 2.0-5.2 mg/L, respectively
(Furuta et al., 2008). Based on previous records,
milkfish appears to be more tolerant to Cd than O.
niloticus, Rivulus marmoratus, and Fundulus
heteroclitus. To Cu, milkfish is more tolerant than
Rivulus marmoratus, Fundulus heteroclitus, Colossoma
macropomum Sparus sarba, Pagrus major, and
Paralichthys olivaceus, but is less tolerant than O.
niloticus.

Serum osmolality

No fish deaths during sublethal experiments. The
Tukey’s test revealed that increasing Cd in media
increased the SO of fish. The highest SO was noted
at fish exposed to 120 mg/L Cd (Figure 1). Similar
tendency was also in fish exposed to Cu. Increasing
Cu in media increased the SO of fish (Figure 2). At
this Cd and Cu concentrations, the disruption of
osmoregulation occurs in fish, consequently fish
cannot maintain an osmotic balance. The mechanism
responsible for elevated levels of these serum
osmolalities in the metal-exposed fish most likely
involves a greater uptake capacity with the

Table 1. Percentage mortality (%) of C. chanos exposed to
different Cu and Cd concentrations for 96 h at
30 ppt of salinity and its medium lethal
concentration (LC50 with 95% confidence limits)
calculated by the trimmed Spearman-Karber
method

Cd Mortality Cu Mortality
(mg/L) (%) (mg/L) (%)

0 0 0 0
10 3.3 5 13.3
20 3.3 10 23.3
40 6.7 15 23.3
80 13.3 20 26.7
160 40 25 53.3
320 100 30 100
LC50 of Cd (mg/L) LC50 of Cu (mg/L)
154.27 (129.27-184.11) 20.27 (17.33-24.18)

Fig. 1. SO of C. chanosof the control group and after
exposed to different concentration of Cd for 7
days. Different letter indicates significance
difference for each treatment group (P < 0.05)
according to Tukey HSD test
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proliferation of chloride cells, a decrease in ions
efflux rates due to mucus secretion during
waterborne metal exposure (Wood et al., 1988; Wood
2001), and/or fluid shift from plasma to tissue that
may occur during metal induced stress (Wood et al.
1988; Pane et al., 2003). Chowdhury et al., (2004)
reported that the greater levels of plasma protein in
metal-exposed fish provide indirect evidence of
fluid loss from plasma in metal-exposed fish. The
increase of serum osmolality and Na+ level has been
also reported in the ray-finned fish Prochilodus
lineatus after exposure to water soluble fraction of
gasoline (Simonato et al., 2013). These increases were
accompanied by an increase in the quantity of
chloride cells in the lamellae and of N+/K+-ATPase
activity. They suggested that these results reflect the
stimulation of the pathway to Na+ uptake, as
demonstrated by the activation of Na+/K+-ATPase
activity, which resulted in an increase in Na+
concentration and plasma osmolality. Other possible
reasons for increased ATPase activities could be
related with the period of adaptation processes and/
or increased number of enzyme molecules or
turnover rates of the enzyme to maintain the ion flux
during metal toxicity (Atli et al., 2016).

Hyperplasia and lifting of the outer layer of the
secondary lamellar epithelium was observed in the
gills of fish exposed to 30 mg/L cd and 60 mg/L Cd
(Figure 3 C). Moreover, a pronounced alteration of
secondary lamellae resulting alifting of the outer
layer epithelium and a severe hyperplasia of the
secondary lamellar was noted in the gills of fish
exposed to 120 mg/L Cd (Figure 3D). Our results
showed that Cu and Cd concentrations were
adequate to cause histological changes in the gills.
The level of gill damage increased with increasing
metals concentration of media. Histological
alterations of gills suchas lamellar epithelium lifting,
epithelial hypertrophy and hyperplasia, fusion of
lamellae, and lamellar telangiectasis have been also
observed by several authors in fish exposed to
metals (Figueiredo-Fernandes et al., 2007;
Aldoghachi et al., 2016; Nursanti et al., 2017). The
lifting and hyperplasia of lamellar epithelium could
serve as a mechanism of defense, because separation
epithelial of the lamellae increases the distance
across which waterborne metals must diffuse to
reachthe bloodstream (Mallat 1985; Arellano et al.,
1999). Heerden et al. (2004) more specifically
reported that gill alteration such as thickening in gill
epithelium and lamellar telangiectasis occurred in
rainbow trout Oncorhynchus mykiss after being
exposed to copper for 4 h; however, after 48 h in
copper-free water, recovery took place to a certain
extent. The changes in gill morphology due to
exposure to Cd and Cu in our findings could be a

Fig. 2. SO of C. chanos of the control group and after
exposed to different concentration of Cu for 7
days. Different letter indicates significance
difference for each treatment group (P < 0.05)
according to Tukey HSD test

Histology of gills

The histological structure of gills of control fish
(Figure 3A) and those exposed to 5 mg/L Cu were
not difference. Hyperplasia of the epithelial cells of
secondary lamellae was observed in fish exposed to
10 mg/L Cu and 15 mg/L Cu (Figure 3B).

Fig. 3. Histological sections of gills of C. chanos  at
different metals concentration. (A) Gills of control
sh (without metal); (B) Gills of sh exposed to 15
mg/L Cu; (C) Gills of sh exposed to 60 mg /L Cd;
(B) Gills of sh exposed to 120 mg /L Cd. PL=
primary lamellae; SL= secondary lamellae; h=
hyperplasia; * = epithelial lifting. Bar = 50 µm.
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compensatory response to keep metal from entering
through gill cells. Since all fish still alive during the
experiment, the histological change of gills could be
the defense response to metals in the environment.
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