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Abstract: An  attempt  has been made to study the bio-accumulation pattern of arsenic and the efficacy of
meso-2, 3-dimercaptosuccinic acid (DMSA) in the selected organ tissues of Labeo rohita fingerlings for
different exposure durations, using Inductively Coupled Plasma-Optical Emission Spectrometry (ICP-OES)
technique.  Highest  arsenic  concentration  was  observed  in  the  kidney tissues (58.23±1.24 µg g and
90.00±1.20 µg g ) and the lowest in the bones (13.55± 0.09 µg g  and 17.14 ± 0.28 µg g ) for both acute and1 1 1

chronic  exposures.  The  bioaccumulation  pattern of arsenic in the selected organ tissues of L. rohita is:
kidney > liver ˜ gill > muscle > brain > bone. The result of the present study suggests that DMSA is an effective
chelator  for  arsenic  in  reducing  the  body burden of L. rohita fingerlings. The results further suggest that
the L. rohita  fingerlings  could be suitable for monitoring the bioavailability of water-bound metals in
freshwater habitats.
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INTRODUCTION enter the body of fish through different routes, such as

Among the wide range of toxic substances patterns of toxic metals in fish tissues are dependent on
contaminating the aquatic environment, a major concern their uptake and elimination rates.
has been focused on heavy metals. It is well documented Chelating agents have been used clinically as
that heavy metals have a great ecological significance due antidotes for both acute and chronic metal poisoning [9].
to their toxicity and accumulative behavior. Arsenic is one Chelators not only enhance excretion but also decrease
of the non-essential heavy metal occupying top positions the clinical signs of toxicity by preventing metals from
in  all  lists of toxicants [1]. It is found in soil, air and binding to cellular target molecules. This can be achieved
water; organic forms are generally non-toxic, whereas when the chemical affinity of complexing agent for the
inorganic forms are toxic [2]. Arsenic accumulation in the metal is higher than the affinity for the bioligands.
environment has increase due to human activities such as Effective chelation therapy depends on the lipophilic
fossil fuel combustion, metal smelting and mining, character of the chelating agent and its effectiveness in
semiconductor and glass industries [3, 4]. Pollutants successful removal of the metal from intracellular spaces
discharged into water bodies are readily taken up by fish where metal is firmly bound. Meso-2, 3-dimercaptosuccinic
and subsequently move up the trophic levels, potentially acid (DMSA) is a water soluble, safe and effective
even to humans. Earlier epidemiological studies have chelator and also recommended for clinical use to reduce
indicated that inorganic arsenic is strongly associated metal burdens [10].
with a wide spectrum of adverse health outcomes, primary The  goal  of this work is twofold: (1) To study the
cancers and other chronic diseases in Taiwan [5-8]. bio-accumulation pattern of arsenic in the selected organ

Bio-accumulations   and    bio-magnifications of tissues of Labeo rohita fingerlings for both acute and
toxic  metals  in tissues of aquatic organisms have chronic exposures using ICP-OES technique and (2) to
recently  received  considerable  attention.  Among study the efficacy of chelating agent, DMSA in reducing
aquatic organisms, fishes are valuable bio-indicators of the concentration of arsenic in the selected organ tissues
bioaccumulation of toxic compounds. Toxic metals can of  L.  rohita  fingerlings.  L. rohita, a freshwater fish, has

gill, skin, etc. However, the accumulation and distribution
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been selected for the present study owing to its Group I: Used as control and reared in dechlorinated
availability throughout the year, hardy nature to survive tap water without any treatment.
under laboratory conditions  and high sensitivity to Group II: Exposed to 41.5 ppm of arsenic for 14 days
heavy metals [11]. Further, it is a traditional food fish for (acute exposure).
people in India and is the most important farmed fish. Group III: Exposed to 41.5 ppm of arsenic for 14 days

MATERIALS AND METHODS body weight of the fingerlings in each liter of

Test Species: The freshwater fingerlings,  L.  rohita Group IV: Exposed to 12.45 ppm of arsenic for 30 days.
(length 6 ± 1 cm and weight 8 ± 1 g) were procured from Group V: Exposed to 12.45 ppm of arsenic for 30 days
the fish farm at Lalpet, 10 km away from Annamalai followed   by   treatment    with   DMSA  for
University, Tamil Nadu, India. The collected fish were 15 days. 
acclimated to laboratory conditions for 15 days [11, 12].  Group VI: Exposed to 12.45 ppm of arsenic for 45 days
For the entire duration of the experiment, the fish were fed Group VII: Exposed to 12.45 ppm of arsenic for 45 days
with commercial fish feed (Himalaya company, India) once followed   by    treatment    with    DMSA   for
a day, which had no detectable amount of arsenic content. 15 days. 

Test Chemicals: The AnalaR grade arsenic trioxide Group IX: Exposed to 12.45 ppm of arsenic for 60 days
(As O ) and DMSA were obtained from Sigma Aldrich followed   by   treatment    with   DMSA  for2 3

Company, Bangalore, India and used without further 15 days. 
purification for the experiment.

Lethality Studies: The LC  value for arsenic was with metal toxicant. Metal analysis of water was carried50

determined by Litchfield and Wilcoxon [13] method and out periodically and kept at 95% of the required
was found to be 124.5 ppm. Arsenic stock solution was concentration. No mortality was found in any groups
prepared by dissolving 1.3202 g of As O  in one liter of throughout the experimental duration. After the2 3

dilute acidic water. The acclimated fish were stocked in experimental  duration,  the  fish  were  slaughtered  and
nine glass troughs of dimension 60 cm × 30 cm × 30 cm. the tissues like gill, brain, liver, kidney, muscle and bone
The water is given an extra aeration with the help of were removed from all the groups at the indicated duration
electric oxygenator. The physico-chemical parameters and  stored  at – 20 ºC until the sample preparation for
such as pH, total alkalinity, total hardness, calcium and ICP-OES analysis. 
magnesium were measured according to American Public
Health Association [14] and maintained at optimum level Sample  Preparation: All the tissue samples were
throughout the experiment (7.2–7.5, 120–132 mg l , digested with nitric acid and perchloric acid in the ratio of1

200–205 mg l  as CaCO , 50–58 mg l  and 18–24 mg l ). 3:1 by standard digestion method [16]. Concentrations of1 1 1
3

The water was changed along with waste feed and fecal arsenic  in  the digested samples were estimated using
materials every day at 7 a.m. by slowly siphoning the ICP-OES (Perkin Elmer ICP-OES Optima 2100 DV model)
water from each container. installed at the Centre of Advanced Studies (CAS) in

Experimental Study: To study the bio-accumulation of analyses were carried out in five replications and the
arsenic,  exposure concentrations corresponding to 1/3 average of the values has been reported along withrd

of LC  (41.5 ppm) and 1/10  of LC  (12.45 ppm) were standard deviation.50 50
th

selected in the present study for acute and chronic
exposures respectively. These concentrations of arsenic Bioconcentration Factor: The process of accumulation of
did not lead to any mortality for L. rohita as they survived waterborne metals by fish and other aquatic animals
for more than 200 days in our laboratory and was within through non-dietary routes is defined as bioconcentration
the range of arsenic concentration used earlier for toxicity [17]. The bioconcentration factor (BCF) is generally
studies in fish [6, 7, 11, 15]. The acclimated test fish were adopted to estimate the propensity of an organism
divided into nine groups of twenty-five each and kept in accumulating metals, which relates the concentration of
50 liter tanks: metals in water to their concentration in an aquatic animal

followed by treatment with DMSA (5 mg kg 1

water) for 7 days. 

Group VIII: Exposed to 12.45 ppm of arsenic for 60 days

Daily the  containers  were  refilled  and  redosed

Marine Biology, Annamalai University, India. All the
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at equilibrium. Fish are targets for BCF assessments RESULTS AND DISCUSSION
because  of  their  importance  as  a  human  food  source
[5, 18]. It represents the capacity for a species to Distribution of Arsenic in Tissues: The metal
accumulate a compound to an extent that is greater than accumulation   in    fish    depends    on    both   structure
the background level. For a long-term arsenic exposure, of  tissues  and  organs  and the interaction of heavy
the body burden of arsenic can be expressed as [8]. metals  in  the  environment.   The   level   of arsenic  in

is  below  the detectable limit (BDL). The bioaccumulation
(1) of arsenic in the selected organ tissues of L. rohita

and fingerlings  for  different  exposure   periods as
(2) determined by ICP-OES has been presented in Tables 1–4.

where C  is the concentration of arsenic in the concentration  is  noticed  in  all   the   tissues  duringf

samples (µg g  dry weight), C is the dissolved arsenic both acute and chronic exposures when compared to1
w

concentration in water (ppm), k  is the uptake rate control. Further, for acute exposure, the excretion rate1

constant (h ), k  is the excretion rate constant (h ) of constant (k ) is greater than the uptake rate constant1 1
2

arsenic, C is the concentration of arsenic in the (except for kidney), while for chronic exposures, the
intoxicated organ tissues (µg g ), C  is the concentration excretion rate constant is less than the uptake rate1

o

of arsenic in the DMSA treated organ tissues (µg g ) and constant (except for brain). In addition, the rate of metal1

t represents the time of exposure (sec). uptake was time dependent. Hence, it is evident that

Statistical Analysis: Statistical analysis was performed medium  and  accumulated  among  various  organs.
using SPSS 11.5 software. Differences were analyzed by Further, DMSA treatment decreases the level of arsenic
student’s t-test [19]. A probability level (p–value) of less significantly in all the tissues when compared to arsenic
than 0.05 is regarded as significant. exposed tissues.

the  control  tissues  (Group  I)  of  L.  rohita  fingerlings

As seen from the tables, an increase in the arsenic

2

arsenic is taken up by the fish from the surrounding

Table 1: The bioaccumulation of arsenic and BCF values  along  with  uptake  (k )  and  excretion  (k )  rate  constants  in  the  selected  organ  tissues  of1 2

L. rohita fingerlings for acute exposure for 14 days

Organs Arsenic exposed (ppm) Arsenic + DMSA treated (ppm) Percentage of recovery BCF k  (h ) k (h )* 1 1
1 2

Kidney 58.23±1.24 4.21±0.10 92.77 1.40 0.0110 0.0078

Liver 32.74±0.42 3.63±0.07 88.91 0.79 0.0052 0.0066

Gill 31.16±0.10 3.52±0.07 88.70 0.75 0.0049 0.0065

Muscle 26.48±0.19 2.45±0.06 90.75 0.64 0.0045 0.0071

Brain 21.56±0.39 6.19±0.08 71.29 0.52 0.0019 0.0037

Bone 13.55±0.09 2.77±0.05 79.56 0.33 0.0015 0.0047

values are shown as mean±standard error; the degree of significance was denoted as: p < 0.05 for comparisons of arsenic exposed to DMSA treated group*

Table 2: The bioaccumulation of arsenic and BCF values along with uptake (k ) and excretion (k ) rate constants in the selected organ tissues of L. rohita1 2

fingerlings for chronic exposure for 30 days

Organs Arsenic exposed (ppm) Arsenic + DMSA treated (ppm) Percentage of recovery BCF k (h ) k (h )* 1 1
1 2

Kidney 63.07±0.81 7.84±0.07 87.57 5.07 0.0098 0.0019

Liver 35.36±0.53 8.10±0.17 77.09 2.84 0.0039 0.0014

Gill 33.90±0.66 9.03±0.10 73.36 2.72 0.0033 0.0012

Muscle 25.97±0.57 6.63±0.09 74.47 2.09 0.0026 0.0013

Brain 19.48±0.23 7.05±0.04 63.81 1.57 0.0015 0.0009

Bone 10.53±0.56 2.37±0.07 77.49 0.85 0.0012 0.0014

*values are shown as mean±standard error; the degree of significance was denoted as: p < 0.05 for comparisons of arsenic exposed to DMSA treated group
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Table 3: The bioaccumulation of arsenic and BCF values along with uptake (k ) and excretion (k ) rate constants in the selected organ tissues of L. rohita1 2

fingerlings for chronic exposure for 45 days

Organs Arsenic exposed (ppm) Arsenic + DMSA treated (ppm) Percentage of recovery BCF k (h ) k (h )* 1 1
1 2

Kidney 63.07±0.81 7.84±0.07 87.57 5.07 0.0098 0.0019

Liver 35.36±0.53 8.10±0.17 77.09 2.84 0.0039 0.0014

Gill 33.90±0.66 9.03±0.10 73.36 2.72 0.0033 0.0012

Muscle 25.97±0.57 6.63±0.09 74.47 2.09 0.0026 0.0013

Brain 19.48±0.23 7.05±0.04 63.81 1.57 0.0015 0.0009

Bone 10.53±0.56 2.37±0.07 77.49 0.85 0.0012 0.0014

*values are shown as mean±standard error; the degree of significance was denoted as: p < 0.05 for comparisons of arsenic exposed to DMSA treated group

Table 4: The bioaccumulation of arsenic and BCF values along with uptake (k ) and excretion (k ) rate constants in the selected organ tissues of L. rohita1 2

fingerlings for chronic exposure for 60 days

Organs Arsenic exposed (ppm) Arsenic + DMSA treated (ppm) Percentage of recovery BCF k  (h ) k  (h )1 2
1 1

Kidney 90.00±1.20 19.66±0.09 78.16 7.23 0.0076 0.0011

Liver 66.68±0.43 17.96±0.19 73.07 5.36 0.0049 0.0009

Gill 65.41±0.83 20.75±0.29 68.21 5.25 0.0042 0.0008

Muscle 53.10±0.63 16.06±0.08 69.76 4.27 0.0035 0.0008

Brain 47.57±0.16 19.23±0.04 59.58 3.82 0.0024 0.0006

Bone 17.14±0.28 5.78±0.06 66.58 1.38 0.0011 0.0008

*values are shown as mean±standard error; the degree of significance was denoted as: p < 0.05 for comparisons of arsenic exposed to DMSA treated group

Highest arsenic concentration was observed in the teleosts [11]. It is also capable of biotransformation of
kidney tissues (58.23 ± 1.24 µg g  33.21 ± 0.97 µg g , foreign chemicals and of removing the excess body1 1

63.07 ± 0.81 µg g  and 90.00 ± 1.20 µg g ) and the lowest burden of unwanted and toxic substances [20]. It is a1 1

in  the  bones  (13.55±  0.09  µg  g , 5.61± 0.23 µg g , major target organ for arsenic toxicity [15] and acts as1 1

10.53 ± 0.56 µg g  and 17.14 ± 0.28 µg g ) for both acute sensitive index of toxicant. Our results are in agreement1 1

and  chronic exposures. Further, there was a linear with the observations made by Takatsu et al. [21] who
increase in tissue concentration of arsenic with increasing found that arsenic accumulated primarily in the kidney
exposure durations, in all the selected organ tissues. The and liver of Tribolodon hakonensis.
bioaccumulation  pattern  of  arsenic  in  the selected Gills represent a thin and extensive surface contact
organ tissues of L. rohita is: kidney > liver ˜ gill > muscle with water directly. They carry out three main functions
> brain > bone. Liao and Ling [5] have also observed viz. gas exchange, ion-regulation and excretion of
similar pattern of arsenic bioaccumulation in the tissues of metabolic waste products. Due to the constant contact
Tilapia (Oreochromis mossambicuss). with  the  external  environment, gills are the first targets

In the present study, the highest accumulation of of water borne pollutants. The arsenic concentration
arsenic is found in the kidney tissues. Kidney is an found  in  the  gill  tissues  reflects the direct contact of
important organ for excretion and osmoregulation and is the gills with arsenic contaminated water. The arsenic
indirectly affected by pollution through blood circulation. accumulation in the gill tissues is of the same order as that
It appears to be particularly sensitive to a variety of toxic of  liver  (31.16  ±  0.10  µg  g ,  23.84  ±  0.52  µg  g ,
elements.  The  very  high accumulation   of   arsenic  in 33.90 ± 0.66 µg g  and 65.41 ± 0.83 µg g of arsenic for
the  kidney  tissues  indicates that it plays an important 14, 30, 45 and 60 days of exposures, respectively).
role in the clearance of arsenic. Next to kidney, liver A significant amount of arsenic was also found in
shows  maximum  accumulation of 32.74 ± 0.42 µg g , muscle tissues (26.48 ± 0.19 µg g , 18.29 ± 0.66 µg g ,1

24.89 ± 0.40 µg g , 35.36 ± 0.53 µg g  and 66.68 ± 0.43 µg 25.97 ± 0.57 µg g  and 53.10 ± 0.63 µg g for 14, 30, 451 1

g of arsenic for 14, 30, 45 and 60 days of exposures, and 60 days of exposures, respectively). Muscle is the1

respectively. Liver is a metabolically active tissue of most commonly consumed portion of fish and contributes
fishes in which metals primarily tend to concentrate and most to the mass of fish. Arsenic accumulation in the
then are metabolized and excreted as reported in different muscles  was  the  least  in  all  experimental  groups  when

1 1

1 1

1 1

1 1
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Fig. 1: BCF of selected organ tissues for chronic exposure

Fig. 2: Uptake rate for selected organ tissues of chronic exposure

compared to other soft tissues. This is because muscle outputs [22]. The central nervous system has many
tissues do not come in direct contact of the toxicant. It is sensory and motor primary nerve pathways and
not an active site with detoxification and hence arsenic is subsequently transported towards the brain by axonal
not transported from other tissues to muscles. transport, thus circumventing the apparently tight blood-

The general function of the brain is to receive and brain barriers and it causes various perturbations of brain.
analyse sensory inputs and to integrate different sensory In  the  present  study,  brain  shows lower accumulation
inputs in specific order to initiate the appropriate motor of  arsenic   (21.56   ±   0.39  µg  g , 11.86 ±  0.34  µg g ,1 1
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Fig. 3: Excretion rate for selected organ tissues of chronic exposure 

19.48± 0.23 µg g  and 47.57± 0.16 µg g for 14, 30, 45 and consumption of arsenic exposed L. rohita possibly poses1 1

60 days of exposures, respectively). The values reported a potential risk to human health. To reduce the health risk
from animal experiments are typically much lower in the associated with consuming L. rohita, the kidney and liver
brain  than  in  other  organs  [23].  Among   all  the tissues of fish could be removed, which can greatly
tissues, bones show lowest accumulation of arsenic: reduce the amount of arsenic.
13.55± 0.09 µg g , 5.61 ± 0.23 µg g , 10.53 ± 0.56 µg g The BCF, uptake rate and excretion rate constants for1 1 1

and 17.14 ± 0.28 µg g  for 14, 30, 45 and 60 days of the selected organ tissues are shown in Figs. 1-3. From1

exposures, respectively. Fig. 1, it is observed that the BCF values for kidney and
The calculated BCF values for the selected organ bone tissues increase linearly, whereas for other tissues

tissues of arsenic exposed Labeo rohita are shown in BCF values increase slowly from 30  to 45 day, thereafter
Tables 1-4. From the tables, it is found that BCF values they increase fast. From Fig. 2, it is noticed that the uptake
increase   linearly   with   increasing   exposure  period. rate constant (k ), for kidney tissues increase from 30th
The calculated BCF ranged from 0.33 to 7.22 for Labeo day up to 45  day; thereafter it decreases, whereas for
rohita, suggesting that the process of bioconcentration other organs it decreased from 30  to 45  day; thereafter
occurred with  arsenic.  The  BCF  values were it increases. The uptake rate k  does not decrease for
comparable to the earlier reports by Liao et al. [24] for bone. It is more or less constant from 30th to 60th day.
Oreochromis  mossambicus  exposed  to  arsenic which The excretion rate constant (k ), for all the selected
had  bioaccumulations  that  ranged  from  2   to  3.5. organ tissues except bone decreases fast from 30  to 60
Huang  et  al.  [25]  have found an average BCF of day; thereafter it decreases slowly, while for bone it
41.8±31.4, for Oreochromis mossambicus, based on decreases linearly (Fig. 3).
arsenic concentrations in pond water. The present results The chelating compounds are usually flexible
indicate that fish could regulate the concentrations of molecule with two or more electronegative groups that
metals in their tissues within time by combining the form stable coordinate covalent bonds with the metal
processes of absorption, excretion, detoxification and atom. The complexes thus formed are then excreted by the
storage and that this could be checked by analyzing the body [26]. Inorganic arsenic is absorbed, distributed and
various tissues of individuals exposed to metals for excreted. Once it is accumulated, it is distributed primarily
different periods of time. The high BCF observed in the among the soft tissues (kidney, liver, gill and brain) and
present work in various organs suggests the possibility mineralizing tissue (bones). After the arsenic is absorbed
of arsenic contamination in L. rohita. Consequently, the it  reacts  with  thiol  groups  on  peptides  and   proteins,

th th

1
th

th th

1

2
th th
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inhibiting enzymes involved in heme synthesis and 3. Amasa, S.K., 1975. Arsenic pollution at Obuasi
interfering with normal neurotransmitter functions [27].
This natural reaction with thiols is the body’s method of
eliminating arsenic. Zamuda and Sunda [28] have also
observed that organic chelation compounds reduce the
toxicity of the metal to organisms. In the present work, the
treatment of chelating agent DMSA shows the reduction
of arsenic level significantly for acute (71 – 93 %) and
chronic (60 – 90 %) exposures. Hence, it is evident that
DMSA is an effective antidote for the removal of body
arsenic.

CONCLUSION

The  rate  of  metal  uptake  was   time  dependent.
The highest and lowest concentrations of arsenic are
found in the kidney and bone tissues, respectively. The
bioaccumulation pattern of arsenic in the selected organ
tissues of L. rohita is: kidney > liver ˜ gill > muscle > brain
> bone. Also, it has been found that the treatment of
chelating agent DMSA reduces the arsenic concentration
significantly (60 – 93 %) from the selected organs for
various exposure durations. The result of the present
study suggests that DMSA is an effective chelator for
arsenic in reducing the body burden of L. rohita
fingerlings. The results further suggest that the L. rohita
fingerlings could be suitable for monitoring the
bioavailability of water-bound metals in freshwater
habitats.

It is  inferred  from the study that selective removal
of organs that accumulate highest levels of arsenic i.e.
kidney and liver might reduce the chance of toxicity due
to this metal in human consumers and in animals fed with
fish-meal.
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