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Abstract: Perchlorate (ClO4
-) is an emerging pollutant affecting aquatic organisms as well as human health and

widely reporting from ground and surface waters near military sites and manufacturing units.  In the present
study we observed various biochemical changes in Rasbora dandia exposed to perchlorate at environmentally
relevant concentration (6 to 14 mg/L). Biochemical factors such as total lipids, proteins, carbohydrates and
glycogen in liver and muscles were analyzed in aRasbora dandia after 90 days of perchlorate exposure. Signifi-
cant changes were observed in the biochemical composition of the exposed f ishes compared to control.  Total
lipids and glycogen level were significantly (p<0.05) decreased in treated f ishes compared to control. Whereas
carbohydrates level was significantly (p<0.05) increased in exposed f ishes. This study underlines the need for
more rigorous observation of flora and fauna at perchlorate contaminated places.
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INTRODUCTION
Perchlorate (ClO4-) is a persistent pollutant has
been widely reporting from various part of the
world. The environmental release of perchlorate
has mainly associated with the widely used areas
such as aerospace programs and military instal-
lation (Trumpolt et al. ,2005; Morrison et
al.,2006). Perchlorate contamination  has been
continuously reporting from various countries
such as USA, Japan, Canada, England, Korea,
China and India (Dasgupta et al.,2005; Munster
et al., 2009;  Kosaka et al., 2007;  Her et al., 2011;
Quin et al., 2014; Kannan et al., 2009; Isobe et al.,
2013 and Nadaraja et al., 2015). Perchlorate con-
tamination was reported from different food
materials such as rice, fruits, leafy vegetables,
breast milk and from various water sources such
as drinking water, ground water, surface water,
sea water, snow and rainwater also(Kirk et al.,
2005; Shi et al., 2007; Murray et al., 2008;Smith
et al., 2001; Snyder et al., 2005; Ye et al., 2013 and
Qin et al., 2014).
As an endocrine disruptor, perchlorate contami-
nation generated considerable concern for human
health. The main mechanism of perchlorate tox-

icity is related to the thyroid gland and thyroid
hormone production (Crane et al. 2005; Liu et al.
2006).Perchlorate can act as a strong inhibitor of
the sodium iodide symporter (NIS) and it com-
petitively inhibit with iodide and blocks iodide
uptake across the basolateral membrane of thy-
roid follicles which reduce thyroid hormones pro-
duction (Wolff, 1998; Clark, 2000; Yu et al., 2002).
The current health advisory level for ClO4

-, based
on the reference dose recommended by National
Academy of Sciences is 15µg/L (USEPA, 2008). Ac-
cording to the report of World Health Organiza-
tion (WHO) the established provisional maxi-
mum tolerable daily intake (PMTDI) of perchlo-
rate is 0.01 mg/kg body weight (WHO, 2010).The
Off ice of Environmental Health Hazard Assess-
ment (OEHHA) proposed Public Health Goal
(PHG) of 1 µg/L for ClO4

-in drinking water
(OEHHA, 2012). However many other countries
including India are not to set up a drinking water
standard for perchlorate so far.
Perchlorate salts are water soluble and mobile in
aquatic ecosystem which may persist for many
decades under typical ground and surface water
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conditions (Urbasky, 1998; Merrill et al., 2003).
Due to this nature aquatic organism mainly f ishes
inhabiting in the ClO4

-contaminated areas were
greatly exposed and the major route of exposure
of perchlorate in f ish body is through gills (Smith
et al., 2001; Bradford, 2002; Park, 2003). Fish act
as a bio indicator organism and play an impor-
tant role to monitor water pollution (Santhananm
et al., 1987).Previous studies reported that per-
chlorate causes various toxic effect on f ishes such
as morphological deformities, reproductive ab-
normalities, developmental abnormalities, dis-
ruption of thyroid follicles and reduce primor-
dial germ cell number (Mukhi et al., 2005; Park
et al., 2006;  Bernhardt et al.,2011; Crane et al.,
2005; Bradford et al.,2005; Mukhi and Patino,
2007; Capps et al., 2011 and  Petersen et al., 2016).
In addition, perchlorate causes oxidative stress in
DNA and glutathione level in Zebra f ish (Liu et
al., 2006). However the data on effect of perchlo-
rate on biomolecules of f ish was lacking.
In the present study we aim to analyze the effect
of perchlorate on biomolecules such as protein,
lipids, glycogen and carbohydrate in liver and
muscles of Rasbora dandia exposed to sub lethal
concentration of perchlorate.
MATERIALS AND METHODS
Fish and experimental design
Healthy and adult fresh water f ish Rasbora  dandia
(Valenciennes, 1844) (6.1 ± 2.4 cm of total length,
4.2±1.6 g of weight, as mean ± S.D), were collected
from a local vendor for toxicity studies. The f ish
were transported to lab in live condition with care
to avoid any mechanical injury. They were kept
in  a glass aquarium tank having 2000 L capacity
f illed with de chlorinated tap  water and provided
continues aeration. Prior to experiment, f ishes
were acclimatized in laboratory conditions for a
period of two weeks. Fishes free of any deformi-
ties, disease or lesions and showed good health
conditions was selected for the experiments. Po-
tassium perchlorate was used to prepare for stock
solution. Prior to experiment 48 hrs LC 50 was
calculated. The aquaria were labeled from T1 to
T5 and f illed with different sub lethal concentra-
tion of ClO4

- solution (6, 8, 10, 12 and 14 mg/L
respectively) along with a control. The study con-
centration was selected based on the average per-

chlorate concentration reported from the con-
taminated pond (studysite) (unpublished data).
The acclimatized f ishes were randomly divided
into 6 groups each containing 10 f ishes was in-
troduced into f ive rectangular glass aquaria hav-
ing 120 L capacity f illed with 90 L ClO4

- solution
for sub lethal toxicity studies. All the experiment
was made in triplicates. Fishes were fed with com-
mercial food (Aquamix pellet) during the expo-
sure period. During the exposure period, 90 % of
the media were replaced and f illed with fresh
media twice per week. Water samples from each
aquarium were collected at regular intervals for
perchlorate and physicochemical analysis. After
90 days of exposure, f ive f ishes from each expo-
sure group were collected for biochemical assay.
Perchlorate analysis of water
Instrumental analysis
Perchlorate in the water samples were analyzed
using Ion Chromatography system (IC-1100,
Dionex) with a self-regenerating anion suppres-
sor (ASRS 300) and a conductivity detector. The
Ion Pac AS 16 column specif ic for ClO4

- ion with a
lower detection limit of 2 ppb (µg /L) is used in
this study in combination with AG 16 guard col-
umn (USEPA methods 314.0 and 314.1). The elu-
ent used was 50 mM Sodium hydroxide (NaOH)
at a flow rate 1.5 mL /min.  The injection volume
was 1000 µL. All reagents were purchased from
Sigma Aldrich and standards were prepared in
ultra-pure milliQ water (Millipore). Three sets of
calibration curves were generated ranging from
5-30, 50"100 µg/L and 100"500 µg/L. Laboratory
reagent blank and fortif ied samples were also ana-
lyzed for QC. The mean recovery of ClO4

-with the
AS16 column and analytical condition was
100±10%.
The physico-chemical characteristic of the water
samples were analyzed according to standard pro-
cedure (APHA,2005).
Biochemical analysis
The biochemical constituents such as protein, lip-
ids, glycogen and carbohydrates were analysed
from muscle and liver of the exposed f ish by us-
ing standard procedures. Total proteins, total lip-
ids, glycogen and carbohydrates were analysed
according to the methods of Lowry et al.,1951;
Folch et al., 1957 and Van der Vier, 1954 and Roe,
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1967 respectively.The results were expressed in
percentage of wet weight of the tissue.
Statistical Analysis
The data obtained were statistically analyzed by
using statistical package SPSS (version 20). The
data were subjected to one way ANOVA. The sig-
nif icant level was taken as 0.05 (p< 0.05).
RESULT AND DISCUSSION
Perchlorate concentration of water
The detected perchlorate concentration of water
samples collected from the each experiment tank
was close to the nominal concentrations were rep-
resented in table.1.  At the end of the exposure
period the actual concentration of perchlorate
from each tank was 4.6±0.51mg/L, 6.2±0.45mg/
L, 7.8±0.62mg/L, 9.92±0.52mg/L and
11.02±0.49mg/L (mean ± SD) respectively for 6,
8, 10, 12 and 14 mg/L nominal concentration. The
percentage of perchlorate removal from each tank
was ranged from 17.33% to 23% and the average
perchlorate removal was 21.22± 0.52. The physi-
cochemical characteristics of water samples used
for toxicity study were given in table 2.
Biochemical analysis
The biochemical analysis showed that total lip-
ids and Glycogen concentration in liver and
muscles were signif icantly (p< 0.05) decreased in
exposed f ishes compared to control.
The glycogen level in liver and muscles of the ex-
posed and control f ish were shown in Fig. 1A and
Fig. 1B. In the present study the glycogen concen-
trations (mean ± SD) in liver were reduced from
0.813 ± 0.94 mg/g (control) to 0.712 ± 0.54 mg/g
at low concentration (6mg/g) and 0.511 ± 0.78 mg/
g at high concentration (14mg/L) respectively.
However in muscles, the glycogen level was re-
duced from 0.251 ± 0.72 mg/g (control) to 0.21 ±
0.55 mg/g at low concentration (6 mg/L) and 0.181
± 0.64 mg/g at high concentration (14mg/L) re-
spectively. In the present study it was  observed
that the glycogen concentration in liver  of the
exposed f ish was reduced to 12.42% at  low con-
centration (6 mg/L) and  37.26 % at high concen-
tration (14 mg/L) compared to control. Whereas
in muscles, the glycogen concentration at low con-
centration (6 mg/L) and high (14 mg/L) concen-
tration were decreased up to 16.33% and 27.88 %
respectively compared to control.

The total lipids concentration in liver and muscle
of the exposed f ish and control were shown in
Fig. 2A and Fig. 2B.The result showed that the
lipid concentration in liver and muscles were sig-
nif icantly reduced in treated f ish compared to
control (p<0.05). Total lipid concentration in liver
(mean ± SD)  of the exposed f ishes  were reduced
from 15.8 ± 0.47 mg/g (control) to 15.2 ± 0.34 mg/
g at low concentration (6 mg/L) and 13.1 ± 0.54
mg/g at high concentration (14mg/L). Similarly
in muscles the total lipid concentration (mean ±
SD)  of the  exposed f ish were reduced from 9.6
±0.51 mg/g (control) to 9.4 ± 0.34 mg/g at low
concentration and 7.76  ± 0.54 mg/g at high con-
centration. From the present study it was observed
that the lipid concentration in muscles and liver
of the exposed f ishes treated at low concentra-
tion (6mg/L) were not signif icantly reduced. How-
ever at high concentration (14mg/L) it was de-
creased up to 19.1 % in muscles and 17.08 % in
liver compared to control.
Carbohydrates level of the exposed f ishes showed
a signif icant increase(p<0.05) compared to con-
trol f ish (Fig.3A and Fig. 3B). The carbohydrates
level in liver was increased from 5.25 ± 0.25 mg/g
(control) to 6.47 ± 0.45 mg/g at low concentra-
tion (6mg/L) and 7.51 ± 0.66 mg/g at high con-
centration (14mg/L). From the present study it
was observed that the carbohydrate  concentra-
tion in liver of  the exposed f ishes at low concen-
tration (6 mg/L) were increased  to 23.23 %  and
at higher concentration (14mg/L) it was  increased
up to 43.04 %  compared to control.  Similarly in
muscles the carbohydrate concentration of the
exposed f ish was increased from 7.2 ± 0.51 mg/g
(control) to 7.94 ± 0.34 mg/g at low concentra-
tion and 8.9 ± 0.54 mg/g at high concentration.
From this study it was observed that carbohydrates
concentration in muscle of the exposed f ishes at
low concentration (6 mg/L) was increased to 10.2
% and at higher concentration (14mg/L) it was
increased up to 23.6 % compared to control.
The  total protein concentrations (mean ± SD) in
liver  was reduced from 18.93 ± 0.48 mg/g (con-
trol) to 18.52 ± 0.54 mg/g at low concentration
(6mg/L) and 17.84 ± 0.52 mg/g at high concentra-
tion (14mg/L) and in muscles it was reduced from
65.31 ± 0.52 mg/g (control) to 64.21 ± 0.55 at low
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Table.1. Perchlorate concentration (mg/L) measured from water samples
collected from the experiment tank during the exposure period.

1 6 5.8±0.78 5.2±0.24 4.6±0.51
2 8 7.3±0.65 6.9±0.64 6.2±0.45
3 10 9.49±0.32 8.8±0.28 7.8±0.62
4 12 11.08±0.45 10.22±0.48  9.92±0.52
5 14 13.61±0.14 12.91±0.69  11.02±0.49

Sl No.
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nc
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Actual  concentration (Mean ± S.D)

30Days 60 days 90Days

Sl. No.              Parameters                                 mean ± S.D
1 Temperature (°C)                               27.6 ± 1.3
2 PH                                                      7.3 ± 0.4
3 Dissolved  oxygen(mg/L)                   4.63 ± 0.38
4            Free Co2 (mg/L)                                  1.24 ± 0.12
5            Total alkalinity (mg/L)                       5.92 ±   1.4
6            Total hardness (mg/L)                        24 ± 1.8

Table.2. Water quality parameters measured from water samples collected
from the experiment tank during the exposure period.

Fig. 1(A-B).Total glycogen content in liver and muscle tissues of Rasbora dandia exposed to different
concentration of potassium perchlorate.Each bar diagram represent mean ± S.D.

concentration (6 mg/L) and 63.3 ± 0.51 mg/g at
high concentration (14mg/L respectively). From
the present study a non-signif icant changes were
observed in protein concentration in liver and
muscle of the exposed f ishes compared to con-
trol.
Fishes are responding to various stressors by a
series of biochemical and physiological stress re-
actions called secondary stress response (Mazeaud
and Mazeaud, 1981). Changes in biochemical com-

position are an indicative of long term exposure
to stressors (Mayer et al.,1992). In the present
study the biomolecules such as carbohydrates, lip-
ids and glycogen level in muscles and liver were
signif icantly varied in response to perchlorate
concentration. Glycogen is mainly stored in liver
and liver glycogen act as a readily available source
of energy through glycolysis. Similarly a fall in liver
and muscle glycogen may be due to the utiliza-
tion to meet demand of energy of f ish due to the

BA
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Fig. 2(A-B).Total lipid content in liver and muscle tissues of Rasbora dandia exposed to different
concentration of potassium perchlorate. Each bar diagram represents mean ± S.D.

A B

Fig. 3(A-B).Total Carbohydrate concentration in liver and muscle tissues of Rasbora dandia   exposed to
different concentration of potassium perchlorate. Each bar diagram represents mean ± S.D.

toxicants.There are some previous studies which
reported biochemical variation in f ishes due to
the exposure of different toxicants. Sobha et al.,
2007 reported that when catlacatla exposed to
cadmium chloride a decrease in biochemical con-
stituent such as glycogen,total proteins, lipids
were observed. Several previous studies reported
that perchlorate cause oxidative stress in plants
and animals.
Thyroid hormone have major role in regulating
carbohydrate, protein and lipid metabolism and
affect growth and cell differentiation in vertebrates
(Clark, 2000). Perchlorate competitively inhibits
iodide uptake through the NIS and therefore af-
fect thyroid hormone synthesis and signif icantly
reduced serum thyroxine (T4) and triiodothyro-
nine (T3)(Yu et al., 2002; Strawson et al., 2004).

In our another study  it was observed that at envi-
ronmentally relevant concentration of perchlor-
ate (6 – 14 mg/L)  can impair thyroid hormone
synthesis and causes signif icant changes in thy-
roid hormone concentration in Rasbora dandia
(unpublished). Similarly the variations observed
in bimoleculesof the perchlorate treated f ishes
may be due to the changes in thyroid hormone
caused by perchlorate. Sudarshan and Kulkarni,
2013 reported that muscle protein, glycogen, lipid
and cholestrol content were low in Notopterus
notopterus treatedwith thyroxine. Similarly
Ramesh,(2013) reported that  protein, carbohy-
drates and  lipid content were varied  in Anabas
testudineus  exposed to L-  thyroxine. These re-
sults also support our observation.

A B
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CONCLUSION
From this study it can be concluded that the varia-
tions of total lipid, glycogen and carbohydrate
level in Rasbora dandia in response to perchlor-
ate is due to the increased use of the molecules to
meet energy requirement for detoxif ication pro-
cess. Perchlorate at environmentally relevant con-
centration was found to induce biochemical
changes in Rasbora dandia and affecting normal
health condition. This study therefore highlights
the need for more rigorous observation of flora
and fauna at perchlorate contaminated places.
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