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1. Introduction

The advancement in science and technology is moving in tandem with the de-
velopment of industrial activities worldwide. Heavy metal pollution has become
a global concern and is no longer a foreign issue. According to [1], the loss of 1.6
million children’s lives is due to the contamination of drinking water sources
which has led to heavy metal poisoning. The occurrence of heavy metal pollu-

tion is no longer foreign in Malaysia. Excessive urbanization and industrial ac-
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tivities are the main factors that result in pollution of the Selangor River [2]. Heavy
metals can be defined as elements where the density is more than 5 g cm® and
subsequently classified as inorganic chemical hazards [3]. According [4], the
usage of heavy metals such as mercury, lead, arsenic and cadmium is diverse in
industrial and agricultural activities which in turn has the potential to be a threat
to human health.

Cadmium is chosen for this study due to its natural properties which in turn
can cause a negative impact on living organisms in general. Cadmium has been
classified as a Group 1 heavy metal which is a human carcinogen [5]. Moreover,
cadmium can be introduced to the environment naturally and via human activi-
ties. For natural resources according to [6], the consumption of food contami-
nated with cadmium such as leafy vegetables, meat organs, crustaceans and con-
taminated water can cause adverse health implications to organisms in the long
run. However, anthropogenic activity is the main source of human cadmium
exposure such as zinc and lead fusion, tin, sealing plans, battery production
processes, plating processes and even tobacco use [7].

Exposure of cadmium to living organisms can cause detrimental toxic effects.
The study by [8] has conceptualized that colorectal cancer may occur due to the
ingestion of toxic trace elements such as cadmium. Exposure to cadmium results
in inflammation, damage to vascular endothelium as well as reproductive cells
[7]. In fact, based on the same study [7], the prevalence of bone mineralization,
osteomalasia and osteoporosis is due to the replacement of calcium (Ca) ions by
cadmium in the bones. A study by [4] has reported that fish has the ability to
accumulate heavy metals in its body tissues. Therefore, information on ingested
fish species as well as the level of heavy metal content incorporated in them is
useful in reducing the danger to public health [4]. The accumulation of heavy
metals in humans may occur as the result of the ingestion of fish contaminated
with heavy metals in the long run [9].

In this study, gravimetric indices are used to identify the effects of cadmium
exposure on A. ftestudineus which consists of Hepatosomatic Index (HSI) and
Renosomatic Index (RSI) in different concentrations of cadmium over time ex-
posure of 16 weeks The study conducted by [10] conceptualizes that the gravi-
metric analysis is applied for the identification of the status change of each organ
tested for the purpose of the study. Anabas testudineus or also known as the
climbing perch has been selected as a biological indicator for the effects of cad-
mium exposure in different cadmium concentration groups with time exposure.
According to a study by [11] [12] [13] as cited by [14], the climbing perch is a
native species at which has high endurance against the harsh environment which
includes hypoxia, environments where the salinity is high, low pH and to con-

taminants as well.

2. Materials and Methods

This study is an experimental study utilizing a random and experimental study
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design. Anabas testudineus fingerlings were acclimatized to laboratory condi-
tions for three days in dechlorinated tap water prior to any treatment. The fin-
gerlings were then divided into four treatment groups of different exposure to
cadmium concentrations; 0 mg/L (control), 0.005 mg/L (low exposure), 0.010
mg/L (medium exposure) and 0.015 mg/L (high exposure) for 16 weeks. To en-
sure survival of the fish fry are maintained at 89% [15], the stocking density of
the fish fry will be at 4 fish per liter of water [16]. The fingerlings were given
commerecial fish pallets ad libitum once daily until satiety with the total for each
feed did not exceed the recommended feeding rate of 5% from the body weight
[17]. To the farmed fish for the feeding purpose, excess leftover feed was re-
moved after feeding and water-change were carried out every fortnight to ensure
the water quality is suitable for fish to survive and grow without affecting the in-
tended cadmium exposure conditions.

Twenty individuals were sampled every 4 weeks and sacrificed by ice water
euthanasia. The samples were pat-dried before their total body weight was meas-
ured. They are then autopsied to extract their livers and kidneys. All organs were
weighed and the respected indices were determined by the ratio of the organ to
body weight. The gravimetric index can be determined by calculating the HSI
and RSI of A. testudineus. According to [18], the formula used to determine each
parameter is as in Figure 1.

One-Way ANOVA test was used to identify the effect of cadmium exposure
on the HSI and RSI of A. testudineus in different cadmium treatment groups.
Two-Way ANOVA test was used to compare different concentrations of cad-

mium for the gravimetric index of A. testudineus with time exposure.

3. Results and Discussion

3.1. Hepatosomatic Index (HSI)

Figure 2 showed the average Hepatosomatic Index (HSI) of A. testudineus in
different treatment groups of cadmium. Based on the results, the low exposure
group had the lowest HSI value of 1.55% + 0.21% followed by the high exposure
group (1.57% = 0.25%) and medium exposure group (1.58% =+ 0.23%). The con-
trol group has the highest HSI value of 1.92% + 0.46%. One-way ANOVA test is
performed for the HSI of A. festudineus after the overall data distribution for
HSI is normally distributed. Test result has found that there are significant dif-
ferences for the four treatment groups tested for the HSI of A. testudineus (p <
0.05).

Organ Weight of Individual

Fish(g)
Specific Index Calculated = x 100%

Body Weight of Indivisual
Fish (g)

Figure 1. Formula for gravimetric Indices. Source: Sadekarpawar and Parikh [18].
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Figure 2. The average hepatosomatic index (HSI) (%) in different treatment groups.

Figure 3 shows the average HSI of A. testudineus in different treatment
groups, according to the time exposure of 16 weeks. In week 4, the control group
has recorded an average HSI value of 2.59% + 0.78% followed by the medium
exposure group (1.93% + 0.41%), low exposure group (1.86% + 0.47%) and the
high exposure group (1.91% + 0.64%). At week 8, it is found that the low expo-
sure group has the lowest average HSI value of 1.40% + 0.47% followed by me-
dium exposure group (1.44% = 0.31%). The control group exhibits the highest
average HSI value of 1.57% + 0.20% while the high exposure group demonstrates
the second highest HSI average value of 1.49% =+ 0.59%.

Based on the observation in the twelfth week, the control group has recorded
the highest average HSI value of 1.68% + 0.22% followed by the medium expo-
sure group (1.63% + 0.29%). The low exposure group showed the lowest average
HSI value (1.50% + 0.20%) followed by the high exposure group (1.57% =+
0.23%). During the final week, the highest average HSI value was recorded by
control group, followed by the low, high and medium exposure groups (1.82% +
0.43%; 1.45% + 0.38%; 1.31% + 0.23%; 1.30% + 0.51%).

Based on the normal distribution of data for the HSI, the Two-Way ANOVA
test is conducted. The test result has found that there is a significant difference
(p < 0.05) in different treatment groups for the HSI value with time exposure.

Figure 2 exhibits that the control group has the highest mean value of HSI.
The 0.005 mg/L followed by the 0.015 mg/L have the lowest mean value of HSIL.
According to [19], the effect of metals and the excessive usage of energy reserves
result in the development of stress condition as the result of the increase in its
demand which also may result in the reduction of HSI value from the exposure
to cadmium. The lowest mean of HSI value is the 0.005 mg/L group from the
comparison between treatment groups in Figure 2 which may be the result of
the induction of oxidative stress and DNA damage in the liver as stated in the
study conducted by [20] on the Cyprinus carpio species due to the exposure to a
low concentration of cadmium (<1 mg/L).
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Figure 3. The comparison of average hepatosomatic index (HSI) (%) of each treatment
group with time exposure.

Figure 3 reported an overall decreasing trend of the HSI values for all groups
from Week 4 to Week 16, being that the 0.010 mg/L has the lowest HSI value,
followed by the 0.015 mg/L group. The study of [18] suggests that the most af-
fected tissue by the toxicant via blood circulation entry is the liver as the detox-
ification process occurs in the particular tissue. [21] also conceptualizes that the
production of toxic actions on several crucial physiological processes may occur
as the result of the metal accumulation in the hematopoietic organs such as liver.
It is reported by [22] that the tissue that acts as the main storage of heavy metals
is the liver while the lowest levels of metals analysed are found in gonad. It must
be noted that there was a small increase in HSI between week 8 and 12. While
the change is not significant, we postulated that this was the result of the ho-
meostasis process employed by the internal system of the fish. Upon exposure to
heavy metal, the body would start to produce metallothionein to counter the ef-
fect of Cadmium, hence the increase in HSI. However, after prolonged exposure
to cadmium, this homeostatic balance could no longer cope with the accumula-
tion of cadmium which resulted in the decrease of HSI from week 12 onwards.

The study by [23] has reported the reduction in HSI value of Cyprinus carpio
and Perca fluviatilis treated in cadmium. The study by [24] suggests that the de-
crease of the HSI value from the exposure to pollutants may be the result of
stress factors and limitations of food. The highest mean value of the HSI belongs
to the control group with time exposure which is parallel to the study by [24] as
the HSI value of the A. testudineus in the control group is higher than the heavy
metal-intoxicated group. The continuous exposure to toxicants may trigger fi-
brosis as the result of the loss of regeneration ability of cells at which may result
in the cirrhosis of liver and eventually liver failure given that all liver parts have
been affected by fibrosis [23]. The alteration of many biochemical parameters
which may result in the liver damage may be the result of the higher accumula-

tion of heavy metal in the liver, according to [25]. [26] has reported that the liver
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damage occurrence as the result of pollution may leads to the decrease in HSI
value.

3.2. Renosomatic Index (RSI)

Figure 4 shows the average Renosomatic Index (RSI) for each exposure groups.
The RSI value of the medium exposure group was the highest (1.73% + 0.21%)
followed by the high and low exposure groups (1.65% + 0.23% and 1.65% *
0.15% respectively). The control group has the lowest RSI value of 1.24% *
0.42%. Based on the normal data distribution for the RSI, the One-Way ANOVA
test is performed. The result of this test has recorded that there is a significant
difference (p < 0.05) between the four treatment groups tested for RSI.

Figure 5 records the average RSI for each treatment group according to the
change in time. At week 4, the highest average RSI value is from the low expo-

sure group (1.66% = 0.41%) followed by the medium exposure group (1.46% =+
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Figure 4. The average renosomatic index (RSI) (%) in different treatment groups.
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Figure 5. The comparison of average rensosomatic index (RSI) (%) of each treatment
group with time exposure.
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0.77%). The lowest value for RSI is 0.77% + 0.37% (control group) followed by
the high exposure group which is 1.33% + 0.53%. In the eighth week, the low
exposure group has the highest mean RSI value of 1.73% + 0.49% while the con-
trol group shows the lowest RSI value of 1.09% + 0.64%. The high exposure
group has the second highest RSI value of 1.68% =+ 0.42% followed by the me-
dium exposure group of 1.59% + 0.29%.

The twelfth week trend for RSI showed that the medium exposure group has
the highest average RSI value of 1.96% = 0.15% followed by the high exposure
group of 1.72% =+ 0.23%. The control group shows the lowest average RSI value
of 1.33% * 0.38% followed by the low exposure group of 1.43% * 0.27%. In the
final week, the highest RSI average value is 1.91% + 0.30% which is the medium
exposure group followed by the high exposure group which is 1.87% * 0.49%.
The low exposure group demonstrates the lowest RSI value of 1.77% + 0.30%
followed by the control group of 1.78% + 0.31%.

The Two-Way ANOVA test is performed for the RSI after it is found that the
overall distribution of data for the RSI of A. testudineus is normal. This test has
noted that there is a significant difference for the four treatment groups of the
RSI with time exposure (p < 0.05).

The increase in RSI values may be due to the formation of stones in the fish
kidney, along with the disturbances of the calcium metabolism and the occur-
rence of hypercalciuria in the kidney [27]. According to the same study, this is
also due to the fact that the maximum accumulation of cadmium concentration
in fish occurs in the kidney, indicating that kidney plays an active role in han-
dling cadmium as compared to spleen [28]. The same source has also reported
that the immunosuppressed effects that are caused by cadmium in the kidney
include the down-regulation of the pro-inflammatory and anti-inflammatory
cytokine genes in the kidney of P. fulvidraco that are exposed to high dose of
cadmium.

The study conducted by [29] has reported that the glomerular edema and ne-
crosis plus the disorganization of renal tubules occur as the result of the cad-
mium exposure to Tilapia mossambica for 20 days. According to [30], the shrin-
kage of renal corpuscle, pyknotic nuclei, the increase of the diameter of renal
tubules, the expansion and necrosis of glomerulus, vacuolation and the Bow-
man’s Space dilation are reported from the kidney tissue of P. hypothalmus ex-
posure to different concentrations of a heavy metal. From the study, it can be in-
dicated that physical changes of fish kidney occur as the result of exposure to
heavy metal.

4. Conclusion

This study found that HSI shows a decreasing trend according to cadmium ex-
posure concentration and exposure duration. An increase in cadmium concen-
tration would lead to a decrease in HSI. Similar trend is also observed when ex-

posure duration is compared. An opposite trend, however is observed with RSI.
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With an increase in cadmium exposure concentration, RSI is found to increase.
An increase in exposure duration also shows a similar trend. In conclusion, both
exposure concentration and exposure duration affect the gravimetric indices
studied. We suggest that in future studies, a longer study duration should be
employed so that the trend in HSI and RSI could be observed better.
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