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biomarkers. The acute toxicity assays were

ABSTRACT

The extensive usage and improper disposal of pharmaceuticals have the potential to contaminate
the water and sediments. Diclofenac is a widely prescribed non-steroidal anti-inflammatory drug
that has been frequently detected in surface waters worldwide. There are evidences of its
toxicity in aquatic organisms like phytoplankton, zooplankton and fish. The present study aims to
investigate the biochemical alterations induced by Diclofenac in fresh water fish, Channa
punctatus. Phospholipids, the major biochemical constituents of the cell membrane were taken as
performed by exposing the fish to three different
concentrations 5ppm, 25ppm and 50ppm of diclofenac. The effect was observed in different tissues
like gill, liver, brain, muscle and kidney after 24h, 48h, 72h, and 96h of exposure with respect to
control. Phospholipids were estimated by Zilversmidth and Davis method. Diclofenac exposure on
fish at the set concentrations has caused reduction in the phospholipid level of different tissues
when compared to control. The findings of the study assume that diclofenac
alterations in fish which leads to the impairment of health status of the fish.
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causes biochemical

INTRODUCTION

The occurrence of pharmaceuticals in the aquatic
environment is a growing concern throughout the world
in recent times. Pharmaceuticals are the bioactive
compounds that exhibit specific biological action in
target molecules in human and animals (Arnold et al.,
2013). But due to extensive usage and illegitimate
disposal they have emerged as priority pollutants. The
veterinary and human drugs enter into various water
systems through different pathways. The drugs usually
remain unchanged after excretion and contaminate the
waters (Peake and Braund, 2009). They also enter into
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nearby waters through the disposal of the unused
medication and effluents from manufacturing units
(Larsson et al., 2007). They have been detected in
surface waters and ground water at the concentrations
ranged from ng/l to pg/l (Rodriguez et al., 2003).
Pharmaceuticals have been found to show devastating
effects in aquatic biota like algae, crustaceans and fish
(Schwaiger et al., 2004).

Diclofenac, 2-(2,6 dichloranilino) phenylacetic acid, is
one of the most frequently detected active
pharmaceutical ingredient in surface waters worldwide
(Buser et al 1998). It is a nonsteroidal anti-
inflammatory drug that is used to treat inflammation in
disorders like rheumatoid arthritis, osteoarthritis,
polymyositis, spondylarthritis, gout attacks and
dysmenorrhea. It is used as an analgesic to reduce pain
certain conditions like post-operative pain, menstrual
pain, endometriosis. (Skoutakis et al., 1988).

Fish is the best bioindicator for assessing the
environmental risk caused due to various pollutants.
(Chovanec 2003). Fish is the most sensitive animal to
many toxicants and is a convenient model for toxicity
evaluation (Adams and Ryon 1994). Channa punctatus
was selected as the test animal due its wide
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distribution, availability throughout the year and easy
maintainance in the laboratory.

MATERIAL AND METHODS

The fresh water fish, Channa punctatus were
collected from the local market of Hasanparthy village
of Warangal district, Telangana, India. They were
transported to laboratory in large plastic tank filled with
water. The fish were acclimatized for a week in 25 litres
capacity plastic tanks filled with dechlorinated water.
They were washed with 1% potassium permanganate
prior to acclimation to free from microbial infection.
They were fed ad libitum with commercial feed during
acclimation period. The water was renewed for every 12
hours and proper aeration was supplied. The fish were
starved for one day before the experiment (Jones
1972). The dead animals were removed immediately
during acclimation period to avoid water fouling.

Analytical grade of Diclofenac sodium (2- [(2-6
Dichlorphenyl ) amino] benzene acetic acid sodium salt,
99% pure (CAS 15307- 86-5) was purchased from
Sara Exports, Ghaziabad, Uttar Pradesh, India.
Diclofenac  stock  solution was prepared at three
different concentrations 5ppm, 25ppm and 50ppm with
acetone. The fish were exposed for 24, 48, 72 and 96
hours to three different concentrations and observed
with respect to control. The experiment was carried out
in triplicate.

Phospholipid quantiation was done by Zilversmidth
and Davis method (1950). The tissues were
homogenized with 3 ml of 10% TCA and centrifuged at
1500 rpm for 10 min. The supernatants were discarded
and to the residues 1 ml of 60% perchloric acid was
added and digestion was continued on a heating mantle
to obtain a clear and colourless solution. Then the
contents were cooled and 5 ml of distilled water was
added to each tube. 1 ml of 4% (w/v) ammonium
molybdate was added to each sample. Finally 1 ml of
ANSA (1-amino-2-naphthalo-4-sulphonic acid) reagent
was added and the contents were made upto 10 ml with
distiled water. The time of addition of ANSA reagent
was noted. The colour developed was read at 660 nm
against the blank within 6 min. Potassium dihydrogen
phosphate was used as standard for phospholipid
estimation. The results were tabulated in Table |

RESULTS

The calculated values of phospholipid level and
percent changes in different concentrations of
Diclofenac over control are given in Table-1 and are
graphically represented in Fig-1. The phospholipid
levels in muscle, liver, gill, brain and kidney of Channa
punctatus exposed to three different concentrations
(5ppm, 25ppm, 50ppm) of Diclofenac showed
significant decrease when compared to the  control
fish. The phospholipid level in the control fish is in the
order of  Muscle > Liver > Gill > Brain > Kidney. The
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percent changes in the depletion of  phospholipids
varied in different tissues. The order of depletion in
phospholipids levels is Liver> Muscle> Kidney> Brain>
Gill. The maximum changes were observed in liver
19.52% in 5ppm, 39.98% in 25ppm, 74.36% in 50ppm
of Diclofenac. The minimum changes were observed in
gill 3.42% in 5ppm, 12.69% in 25ppm and 28.50% in
50ppm concentrations of Diclofenac.

Table-1. Concentration of phospholipid content
(1g/100mg wet weight of tissue) and % changes
over control in different tissues of Channa
punctatus on exposure to 5ppm, 25ppm, and 50ppm
of Diclofenac for 96 hrs.

. Sppm 25ppm 50ppm
Tissues Control (%) (%) (%)
126.57 96.34 46.53
Muscle 15392 4004 1005 003
e (17.76)  (37.40)  (69.77)
Liver 94.88 76.35 56.94 24.32
+0.09 +0.08 +0.07 +0.11
(19.52)  (39.98) (74.36)
. 70.42 64.57 52.88
Gil 390 1018 006 005
= (3.42)  (12.69) (28.50)
Brain 62.40 56.48+ 41.65 28.36
+0.11 0.09 +0.06 +0.08
(9.48)  (33.25)  (54.55)
. 46.92 34.36 21.46
Kidney O %003 005 0.0
= (13.23)  (36.46)  (60.31)
DISCUSSION
Phospholipids are the important class of

biomolecules. They are the major building blocks of
the biological cell membrane and maintain the structural
integrity of the cell. Phospholipids uphold the
membrane fluidity and function despite changes in
water salinity and temperature (Bell et al., 1986).They
function as secondary messengers in signal
transduction. They act as surfactants particularly in the
lungs. They are also a good source of energy and
essential n-3 fatty acids (Fraser et al., 1988).
Phospholipids constitute the major lipid fraction in the
body tissue of fish (Mukhopadhyay et al., 2004). The
total lipid content is highest in the muscle tissue of the
fish (Keriko et al., 2010). The present study shows
depletion in the phospholipid content of the tissues as
the concentration of diclofenac increases. Several
studies have reported decreasing trend in total lipid
levels and phospholipd levels on exposure to various
toxicants in different fish species.

There was a significant decline in total lipids on
exposure to cadmium (Hammed and Muthukumaravel
2006) and cadmium chloride in fresh water fish,
Oreochromis mossambicus and Catla catla respectively
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Figure-1. Concentration of phospholipid content (ug/100mg wet weight of tissue) in different tissues of
Channa punctatus on exposure to 5ppm, 25ppm, and 50ppm of Diclofenac for 96 hrs.
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(Shoba et al ., 2007). Amudha et al (2002) have also
reported decrease in the lipid level on exposure to dairy
effluent in Oreochromis mossambicus. The similar

results were observed on exposure to industrial
effluents (Muley et al, 2007) and pesticide
Monocrotophos in  the tissues of Labeo rohita

(Muthukumaravel et al., 2013). Stalin et al., 2012 have
reported maximum and minimum decrease of lipid
levels in liver tissue of Cirrhinus mrigala on exposure for
different periods. There was depletion in the lipid level
on exposure to electroplating effluents in different
tissues of Cyprinus carpio (Sudhasaravanan and
Binukumari 2015). Diclofenac exposure has reduced
lipid levels in the tissues and blood of Cirrhinus mrigala
(Binukumari et al., 2016).

There was an increase in the phospholipid level in
the gonads of Channa punctatus on exposure to two
biocides fenitrothion and carbofuran (Saxena et al.,
1986). The similar effect was observed in Oreochromus
niloticus  fingerlings on exposure to Propoxur
(Ezymonoe et al.,, 2014). The phospholipids were
elevated in liver, reduced in kidney and the lipid
contents were affected differently in different tissues
(Bano and Hasan 1989). Javed and Usmani (2015)
have reported increase in the phospholipid level on
exposure to river water polluted by thermal power plant
effluents. There was an elevation in the level of
phospholipid on exposure to thiamethoxam in the
serum of Channa punctatus (Anil 2010).

The results of the present investigation agree with
that of Rao and Rao (1984) who reported a rapid
decline in the level of phospholipid exposed to methyl
parathion in  Oreochromis mossambicus. The
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decreased level of phospholipids was observed on
exposure to malathion and y-BHC during different
phases of life cycle in Heteropneusteus fossilis (Singh
1992). Singh and Singh (2006) have reported that
endosulfan significantly decreased the phospholipid
level in liver, ovary and plasma during different stages
of reproductive life cycle. There was significant
decrease in phospholipid levels in the testis on
exposure to tannery effluent in Channa striatus
(Sivachandran and Sulthana 2014).

The decrease in lipid level may be due to increased
lipolysis for utilization at the cellular levels (Anusha et
al.,, 1996). The depletion in lipid level may be due to
rapid decline in the glycogen content of the tissues
during the toxic stress conditions (Rao et al., 1985). Jha
(1991) has reported that the loss of lipids may be due to
mobilization of the stored lipids through B- oxidation or
gradual unsaturation of the lipid molecules. The
dercrease in lipids may also be due to its utilization in
cell repair and tissue organization (Vutukuru, 2005).

Murthy et al., (1994) have reported that the depletion
in total lipid level in liver may be due to their
mobilization towards the blood or tissue metabolism.
The decline in the phospholipid level may be due to
increased utilization of the phospholipids to meet the
energy demand under toxic stress conditions (Rao and
Rao 1979). The loss of phospholipids may also be
attributed to the inhibition of the enzymes required for
lipid synthesis and mobilization of the stored lipid.
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CONGLUSION

The biomarker employed in this study is useful in
the assessment of

the environmental impact of

diclofenac on the aquatic species. The present study
reveals that there is depletion in the phospholipid level

of Channa punctatus on exposure to diclofenac.

The

pharmaceutical residues in the environment alter the
biochemical composition of non-target organisms like
fish. This leads to the impairment of the health condition
of the fish.

Conflict of Interests

Authors declare that there is no conflict of interests

regarding the publication of this paper.

[1].

[2].

[3].

[4].

[5].

[6].

[71.

[8].

Adams SM, Ryon MGA. 1994; A comparison of
health assessment approaches for evaluating the
effects of contaminant-related stress on fish
populations. J Aquat Ecosyst Health, 3: 15-25.
Amutha P, Sangeetha G and Mahalingam S.
2002; Diary effluent induced alterations in the
protein, carbohydrate and lipid metabolism of a
freshwater teleost fish Oreochromis mossambicus.
Poll. Res, 21(1): 51-53.

Anil Kumar V, Janaiah C and Venkateshwarlu P.
2010; Effect of thiamethoxam alters serum
biochemical parameters in Channa punctatus
(Bloch) Asian Journal of Bio Science, 5 (1) : 106-
110.

Anusha A, Arunkumar IC, Jayanthi FE,
Selvanayagam M. 1996; Quinolphos induced
biochemical anomalies in Cirrhinus mrigala (Ham.).
J. Environ. Biol., 17(2): 121-124.

Arnold KE, Boxall ABA, Brown AR, Cuthbert RJ,
Gaw S, Hutchinson TH , Jobling S, Madden JC,
Metcalfe CD, Naidoo V, Shore RF, Smits JE,
Taggart MA, Thompson HM. 2013; Assessing the
exposure risk and impacts of pharmaceuticals in
the environment on individuals and ecosystems.
Biol Lett, 9(4): 20130492.

Bano Y,Hasan M. 1989; Mercury induced
time-dependent alterations in lipid profiles and lipid
peroxidation in different body organs of cat-fish
Heteropneustes fossilis. Journal of Environmental
Science and Health, Part B: Pesticides, Food
Contaminants, and Agricultural Wastes. J Environ
Sci Health B. 24(2):145-66.

Bell MV, Henderson RJ, and Sargent JR. 1986;
The role of polyunsaturated fatty acids in fish.
Comp. Biochem. Physiol, 83B: 711-719.
Binukumari S , Priyadarsini V and Vasanthi J.
2016; Impact of Diclofenac Drug on the
biochemical composition of the fresh water fish,

395 | © 2016 Global Science Publishing Group, USA

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

Copyright@2016

Cirrhinus mrigala Int. J. Adv. Res. Biol. Sci. 3(5):
153-159.

Buser HR, Poiger T, and Miller MD. 1998;
Occurrence and Fate of the Pharmaceutical Drug
Diclofenac in Surface  Waters: Rapid
Photodegradation in a Lake. Environ. Sci.
Technol., 32(22): 3449- 3456.

Chovanec A, Hofer R, Schiemer F. Chapter 18
Fish as bioindicators. In: Markert BA, Breure AM
and Zechmeister HG. eds. Trace Metals and
other Contaminants in the Environment Volume 6,
2003, Bioindicators & Biomonitors — Principles,
Concepts and Applications  639-676.

Ezemonye LIN , Ainerua OM , Tongo |. 2014,
Changes in glucose and phospholipids level of
Oreochromis niloticus fingerlings exposed to
varying concentrations of Propoxur. IOSR Journal
of Environmental Science, Toxicology and Food
Technology, 8 (1) Ver. V : 15-20.

Hameed SVS and Muthukumaravel K, 2006;
Impact of cadmium on the biochemical constituents
of fresh water fish Oreochromis mossambicus.
Indian J. Env. Sci., 10(1): 63-65.

Javed M and Usmani N. 2015; Stress response of
biomolecules (carbohydrate, protein and lipid
profiles) in fish Channa punctatus inhabiting river
polluted by Thermal Power Plant effluent. Saudi J
Biol Sci., 22(2): 237-242.

Jha BS.1991; Alteration in the protein and lipid
content of intestine, liver and gonads in the lead
exposed freshwater fish Channa punctatus (Bloch).
J. Environ. Ecoplan., 2(3), 281-284.

Jones JRE, 1972; In River pollution 2 : Causes
and effecst (ed) KL Butterworthd. Academic Press,
New York , p 254 Techniques in Aquatic
Toxicology GK Ostrander 2005 p 72 CRC Press,
United States of America.

Keriko JM, Chege CW , Magu MM , Mwachiro EC
, Murigi AN , Githua,M N. and Kareru, P G. 2010;
Fish lipid contents and classes of selected fish
species found in Lake Naivasha (Kenya) and the
fish feeding habits of the lake’s inhabitants African

Journal of Pharmacy and Pharmacology, 4(10),
745-753.
Larsson DGJ, de Pedro C, Paxeus

N. 2007; Effluent from drug manufactures contains
extremely high levels of pharmaceuticals. J Hazard
Mater., 148: 751-755.

Mukhopadhyay T, Nandi S, and Ghosh S. 2004;
Lipid profile and fatty acid composition in eggs of
Indian feather back fish phouli (Notopterus pallas)
in comparison with body-tissue lipid. Journal of
Oleo Science, 53: 323-328.

Muley DV, Karanjkar DM and Maske SV. 2007;
Impact of industrial effluents on the biochemical
composition of fresh water fish Labeo rohita, J.
Environ Biol., 28(2):245-249.

Biolife | 2016 | Vol 4 | Issue 2


http://link.springer.com/article/10.1007/BF00045153
http://link.springer.com/article/10.1007/BF00045153
http://link.springer.com/article/10.1007/BF00045153
http://link.springer.com/article/10.1007/BF00045153
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arnold%20KE%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Boxall%20AB%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brown%20AR%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cuthbert%20RJ%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gaw%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gaw%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gaw%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hutchinson%20TH%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jobling%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Madden%20JC%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Metcalfe%20CD%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Metcalfe%20CD%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Metcalfe%20CD%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Naidoo%20V%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shore%20RF%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Smits%20JE%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Taggart%20MA%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Taggart%20MA%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Taggart%20MA%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Thompson%20HM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bano%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=2708789
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hasan%20M%5BAuthor%5D&cauthor=true&cauthor_uid=2708789
http://www.ncbi.nlm.nih.gov/pubmed/2708789?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2708789?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2708789?dopt=Abstract
http://pubs.acs.org/action/doSearch?ContribStored=Buser%2C+H
http://pubs.acs.org/action/doSearch?ContribStored=Poiger%2C+T
http://pubs.acs.org/action/doSearch?ContribStored=M%C3%BCller%2C+M+D
http://www.sciencedirect.com/science/article/pii/S0927521503801480
http://www.sciencedirect.com/science/article/pii/S0927521503801480
http://www.sciencedirect.com/science/article/pii/S0927521503801480
http://www.sciencedirect.com/science/bookseries/18751121
http://www.sciencedirect.com/science/bookseries/18751121
http://www.sciencedirect.com/science/bookseries/18751121/6/supp/C
http://www.ncbi.nlm.nih.gov/pubmed/?term=Javed%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Usmani%20N%5Bauth%5D

Rohini Padma and Yalavarthy Prameela Devi

[20]. Murthy KV, Bhaskar M and Govindappa S. 1994;
Studies on lipid profile of fish liver on acclimation to
acidic medium. J. Environ. Biol., 15(4), 269-273.

[21]. Muthukumaravel K , Sivakumar B , Kumarasamy
P, and Govindarajan M. 2013; Studies on the
toxicity of pesticide monocrotophos on the
biochemical constituents of the freshwater fish
Labeo rohita. International Journal of Current
Biochemistry and Biotechnology, 2 (10): 20-26.

[22]. Peake BM, and Braund R. 2009; Environmental
Aspects of the Disposal of Pharmaceuticals in New
Zealand. Chemistry in New Zealand, 73(2): 58-63.

[23]. Rao KSP and Rao KVR. 1984; Changes in the
tissue lipid profiles of fish (Oreochromis
mossambicus) during methyl parathion toxicity--a
time course study. Toxicol Lett., 21(2):147-153.

[24]. Rao KS, Rao KR, Sahib IK, Rao KV. 1985;
Combined action of carbaryl and phenthoate on
tissue lipid derivatives of murrel, Channa punctatus
(Bloch). Ecotoxicol Environ Saf. ;9(1):107-111.

[25]. Rao KS, and Rao R. 1979; Effect of sublethal
concentration of methyl parathion on selected
oxidative enzymes and organic matter in tissues of
Tilapia mossambica. Curr. Sci., 48(12): 526-528.

[26]. Rodriguez |, Quintana JB, Carpinteiro J, Carro
AM, Lorenzo RA, Cela R. 2003; Determination of
acidic drugs in sewage water by gas
chromatography-mass 16 spectrometry as tert.-
butyldimethylsilyl derivatives. J Chromatogr A,
985: 265-274.

[27]. Saxena PK, Mani K, Kondal JK. 1986; Effect of
safe application rate (SAR) concentrations of some
biocides on the gonads of the fresh water murrel,
Channa punctatus (Bl.)--a biochemical study.
Ecotoxicology and Environmental Safety , 12(1):1-
14.

[28]. Schwaiger J, Ferling H, Mallow U, Wintermayr H,
and Negele D.R. 2004; Toxic effects of the non-
steroidal anti-inflammatory drug diclofenac Part I:
Histopathological alterations and bioaccumulation
in rainbow trout. Aquat Toxicol., 68: 141-150.

[29]. Shoba, K, Poornima A, Harini P and Veeraiah K.
2007; A study on biochemical changes in the fresh
water fish, Catla catla (Hamilton) exposed to heavy
malathion on the oxidative metabolism of the fish
metal toxicant Cadmium chloride. J. Science
Engineering and Technology., 1: 4-5.

[30]. Singh PB. 1992; Impact of malathion and y-BHC
on lipid metabolism in the freshwater female
catfish, Heteropneustes fossilis Ecotoxicology and
Environmental Safety, 23 (1): 22—-32.

[31].Singh PB and Singh V. 2006; Impact of
endosulfan on the profiles of phospholipids at
sublethal concentration in the male
Heteropneustes fossilis ( Bloch) Journal of
Environmental Biology, 27(3) :509-514.

[32]. Sivachandran R and Sultana M. 2014; Effect of
tannery effluent on lipid profiles in reproductive
tissues of freshwater fish Channa straitus

396 | © 2016 Global Science Publishing Group, USA

Copyright@2016

International Journal of Novel Trends in
Pharmaceutical Sciences, 4 (4): 77-80.

[33]. Skoutakis VA, Carter CA, Mickle TR, Smith

VH, Arkin CR, Alissandratos J, Petty DE. 1988;
Review of diclofenac and evaluation of its place in
therapy as a nonsteroidal antiinflammatory agent.
Drug Intell Clin Pharm., 22(11): 850-859.

[34]. Sudhasaravanan R and Binukumari S. 2015;
Studies on the Effect of Electroplating Effluent on
Biochemical Components of Fish Cyprinus carpio.
World Journal of Fish and Marine Sciences 7 (6):
472-478.

[35]. Vutukuru SS. 2005; Acute Effects of Hexavalent
Chromium on Survival, Oxygen Consumption,
Hematological Parameters and Some Biochemical
Profiles of the Indian Major Carp, Labeo rohita Int.
J. Environ. Res. Public Health , 2(3): 456-462.

[36]. Stalin, Israel S; Das, Sam Manohar S. 2012;
Biochemical changes in certain tissues of Cirrhina
mrigala  (Hamilton)  (Cyprinidae:Cyprniformes)
exposed to fenthion. International Journal of
Environmental Sciences, 2(3) : 1268-1277.

[37].Zilversmidth DB and Davis BS. 1950;
Microdetermination of plasma phospholipids by
trichloroacetic acid precipitation. J. Lab. Clin. Med,
35: 155-166.

DOI: https://dx.doi.org/10.5281/zenod0.7318813
Received: 6 April 2016;

Accepted; 30 May 2016;

Available online : 8 June 2016

Biolife | 2016 | Vol 4 | Issue 2


http://www.ncbi.nlm.nih.gov/pubmed/?term=Prasada%20Rao%20KS%5BAuthor%5D&cauthor=true&cauthor_uid=6719495
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ramana%20Rao%20KV%5BAuthor%5D&cauthor=true&cauthor_uid=6719495
http://www.ncbi.nlm.nih.gov/pubmed/6719495
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rao%20KS%5BAuthor%5D&cauthor=true&cauthor_uid=3921340
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rao%20KR%5BAuthor%5D&cauthor=true&cauthor_uid=3921340
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sahib%20IK%5BAuthor%5D&cauthor=true&cauthor_uid=3921340
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rao%20KV%5BAuthor%5D&cauthor=true&cauthor_uid=3921340
http://www.ncbi.nlm.nih.gov/pubmed/3921340
http://europepmc.org/search;jsessionid=zX3k7xNv1nzb1XP2JFwN.0?page=1&query=AUTH:%22Saxena+PK%22
http://europepmc.org/search;jsessionid=zX3k7xNv1nzb1XP2JFwN.0?page=1&query=AUTH:%22Mani+K%22
http://europepmc.org/search;jsessionid=zX3k7xNv1nzb1XP2JFwN.0?page=1&query=AUTH:%22Kondal+JK%22
http://europepmc.org/search;jsessionid=zX3k7xNv1nzb1XP2JFwN.0?page=1&query=JOURNAL:%22Ecotoxicol+Environ+Saf%22
http://www.sciencedirect.com/science/article/pii/014765139290018X
http://www.sciencedirect.com/science/journal/01476513
http://www.sciencedirect.com/science/journal/01476513
http://www.sciencedirect.com/science/journal/01476513
http://www.sciencedirect.com/science/journal/01476513/23/1
http://europepmc.org/search;jsessionid=xR6j7jzEMCZd3rTKlvNH.12?page=1&query=AUTH:%22Skoutakis+VA%22
http://europepmc.org/search;jsessionid=xR6j7jzEMCZd3rTKlvNH.12?page=1&query=AUTH:%22Carter+CA%22
http://europepmc.org/search;jsessionid=xR6j7jzEMCZd3rTKlvNH.12?page=1&query=AUTH:%22Mickle+TR%22
http://europepmc.org/search;jsessionid=xR6j7jzEMCZd3rTKlvNH.12?page=1&query=AUTH:%22Smith+VH%22
http://europepmc.org/search;jsessionid=xR6j7jzEMCZd3rTKlvNH.12?page=1&query=AUTH:%22Smith+VH%22
http://europepmc.org/search;jsessionid=xR6j7jzEMCZd3rTKlvNH.12?page=1&query=AUTH:%22Smith+VH%22
http://europepmc.org/search;jsessionid=xR6j7jzEMCZd3rTKlvNH.12?page=1&query=AUTH:%22Arkin+CR%22
http://europepmc.org/search;jsessionid=xR6j7jzEMCZd3rTKlvNH.12?page=1&query=AUTH:%22Alissandratos+J%22
http://europepmc.org/search;jsessionid=xR6j7jzEMCZd3rTKlvNH.12?page=1&query=AUTH:%22Petty+DE%22
http://europepmc.org/search;jsessionid=xR6j7jzEMCZd3rTKlvNH.12?page=1&query=JOURNAL:%22Drug+Intell+Clin+Pharm%22

