
(Lates calcarifer)

 2552 



(Lates calcarifer)

 2552 



EFFECTS OF ARSENIC ON GENOTOXICITY AND TOXICITY ON LIVER CELLS IN 

WHITE SEA BASS (Lates calcarifer)

By

Noppamas  Puengsap 

A Thesis Submitted in Partial Fulfillment of the Requirements for the Degree 

MASTER OF SCIENCE 

Department of Biology 

Graduate School 

SILPAKORN UNIVERSITY 

2009



  “

 (Lates calcarifer) ”

……...........................................................

                                                                               ( . )

.......... .................... . ...........

.

....................................................

 ( . )

............/......................../..............

....................................................

  ( . )

............/......................../..............

....................................................

  ( . )

............/......................../..............



50303204  : 

 : NaAsO
2
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 : 

(Lates calcarifer).   : . . . 119 .

 (NaAsO
2
)  (Lates calcarifer)  LC

50

 NaAsO
2

 24  16.4224 mg/L  NaAsO
2

 LC
50

  NaAsO
2

 0.25, 0.5, 1  2 mg/L 

24  48  positive control  CdCl
2
 0.05 mg/L (N=20) 

 (Lates calcarifer)  micronucleus  test (MNT) 

 comet assay  MNT  NaAsO
2
 2 mg/L  micronucleus 

frequencies (MNFs)  (P<0.05)  MNFs 

NaAsO
2

 24  48  R
2

 0.3960  0.9245 

 4  24  Notch  nucleus (NT), Lobe 

nucleus (LB)  Blebed nucleus (BL)  (P<0.05)  R
2

 0.8771, 0.7937 

0.8901  48  NaAsO
2

 NT 

 (P<0.05)  R
2

 0.9044  NT > LB > BL 

   comet assay  DNA 

(P<0.05)  NaAsO
2

 0.25 mg/L  Tail 

length  > Tail DNA% = Olive moment > Tail moment  Tail length   R
2

 0.7613  0.5392 

 24  48  comet assay 

 MNT  NaAsO
2

 lipid peroxidations  malondialdehyde (MDA) 

 NaAsO
2

 MDA 

 (P>0.05)  NaAsO
2

 MDA  oxidative damage   NaAsO
2
0.25-2 mg/L

 comet assay 
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This study describes the investigation of the genotoxic effect of NaAsO2 to Lates

calcarifer. The LC50 exposed to NaAsO2 for 24 h was 16.224 mg/L. Fish were exposed to 
sublethal concentration of 0.25, 0.5, 1 and 2 mg/L of NaAsO2 for 24 and 48 h while CdCl2 at 
the concentration of 0.05 mg/L was set as positive control group (N=20). The genotoxicity of 
red blood cells (RBCs) from test fish was examined by the micronucleus test (MNT) and the 
comet assay. Micronucleus frequencies (MNFs) in the fish exposed to 2 mg/L NaAsO2

significantly increased more than those in the control group (P<0.05). The correlation 
coefficients (R

2
) between MNFs and NaAsO2 concentrations at the exposure times of 24 and 

48 h were 0.3960 and 0.9245. Four characteristics of nucleus abnormalities were studied and 
the results indicated that the notched nucleus (NT), lobed nucleus (LB) and blebed nucleus 
(BL) at all concentrations of 24 h NaAsO2 treated-fish were significantly (P<0.05) higher than 
the control group with the value of R

2
 = 0.8771, 0.7937 and 0.8901, respectively but in 48 h 

NaAsO2 treated-fish, NT was the only parameter that was higher than the control group 
(P<0.05), and the values of R

2
 = 0.9044. The most sensitive parameters of MNT were NT > 

LB > BL. At the concentration of 0.25 mg/L of NaAsO2, the comet assay indicated that the 
DNA damage in the treated group was significantly higher than the control group. The most 

sensitive parameters of comet assay were Tail length > Tail DNA  = Olive moment > Tail 
moment. The values of R

2
 of Tail length were 0.7613 and 0.5392 in 24 and 48 h. This led to 

the conclusion that the comet assay was more sensitive and reliable than MNT. In addition, 
lipid peroxidation was performed to the level of malondialdehyde from liver cells of L.

calcarifer. But there was no significant difference between 24 and 48 h. and the control group 
(P>0.05). NaAsO2 at the concentrations of 0.25-2 mg/L might be too low to induce an 
increase of malondialdehyde in liver cells. This study revealed that L. calcarifer was sensitive 
in detecting genotoxicity levels of arsenic contamination in industrial effluent by the comet 
assay. Thus it may be beneficial to be used in  fish farming for monitoring the arsenic 
contaminations to ensure food safety and to monitor the environmental quality. 
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1.  (Statements and significance of the problems)

 (arsenic)  1A (IARC, 2004) 

 (organic 

arsenic)  (inorganic arsenic) 

 3 (A
3+

)

 (Tinwell, 1991; Smith., 1992; 

Kitchin, 2010) 

 (-SH groups)  pyruvate dehydrogenase  

pyruvate   acetyl-CoA

Kreb’s cycle  (Tchounwou, 2004) 

 Phosphorelation  ATP (Huang, 2004)  

 (Roy, 2002) 



     2

2

oxidative stress, genotoxic damage, DNA repair inhibition, epigenetic events  signal 

transduction pathways  (Kitchin, 2003) 

 (Luong, 2004; Esparza, 2006; Savarimuthu, 2006; Wade, 2009) 

 137  70 

 0.01 mg/L (WHO, 2001)

 25 

.

. . 2530 

 0.07-0.78 mg/L  ( , 2538)                  

. . 2545 . .

 21-16,000 mg/L ( , 2548) . . 2549 

. .  109 -606 g/L  10 g/L

( , 2549) 

 ( , 2551) . . 2550 

.

 11 g/L  ( , 2549) 

. . 2552 . .

.  ( , 2553)

 0.25 mg/L, 10 g/L ( , 2539; 

, 2549)  2 mg/L   ( , 2546) 

 (Sinha, 2003; , 2551) 

 2.360 ng/L (Schoof, 1999) 
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 (genotoxicity)  

 (U.S. EPA, 1996)  

 (Lates calcarifer)

  10 g/L

 Micronucleus test, Comet assay 

 oxidative stress  lipid peroxidation  

2.  (Goal and objective)

2.1  (NaAsO2)

 micronucleus 

test  comet assay

2.2  NaAsO2

 2  micronucleus test  comet assay

2.3  NaAsO2

3.  (Hypothesis to be tested)

3.1

 NaAsO2

 micronucleus test  comet assay 

3.2
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4.  (Scope or delimitation of the study)

 (NaAsO2)

 0.25, 0.5, 1  2 mg/L 

 24, 48  72 

 micronucleus test, comet assay   

5.

5.1  NaAsO2

5.2  micronucleus test   comet assay 

 NaAsO2

5.3  NaAsO2

5.4

NaAsO2
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55

  2 

1.  (Lates calcarifer)

1.1

Lates calcarifer  (Latidae) 

 (Ctenoid) 

1.2

Phylum Chordata

Sub-phylum Vertebrata

     Sub-class Teleostomi

Order Percomorphi

           Family Centropomidae

       Genus Lates

  Species Calcarifer

 : .  (Icthyology). 1999.
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 ( , 2544) 

 1  (Lates calcarifer)

2.  (Arsenic, As)

2.1

 (arsenic)  33  As 

 (atomic  number)  33 

4  VA  15  (periodic  table  element)   

 [Ar] 4s
2
 3d

10
 4p

3
 [Ar] 

 (atomic  weight) 74.9216 

As-75

 -3, 0, +3, +5 

 (Garland, 2007) 

 20 
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(  2) 

 2  (Organic)  Dimethylarsinic 

acid (DMA) Arsenobetaine (AsB)  (Inorganic)  Arsenate Arsenic 

trioxide Sodium arsenite 

 2  130 mg 

(Arsenicosis)

 (Smith,1992) 

2. 2 

 2 

: Roy P. and Saha A “Metabolism and toxicity of arsenic: A human Carcinogen” 

CURRENT SCIENCE, 82, 1 (2002): 38-45. 
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2.2.1

      

 (nonpolluted area) 

 < 1-2 ng/m
3

 > 1 ng/m
3

 0.7-2.5 ng/m
3

 4 

 1.4 ng/m
3

 7.4 – 24 /

 (California Air Resources 

Board, 1990) 

2.2.2

      arsenite  arsenate 

 methylarsonic acid  dimethylarsinic acid 

      

.

 24 g/L

 10 g/L ( , 2549) 

.

 0.01 mg/L 

 21.02-427.07 mg/L  6.89- 381.24 mg/L 

 3 

 2.85-5.80 ,2.67-11.67  16.04-27.37 mg/L  ( , 2537) 

  2.2.3 

 0.01 mg/L  10 mg/L 

 0.01 mg/L 
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0.05 mg/L ( , 2521; , 2524; 

, 2552) 

 18,000  1%  0.01 mg/L 

 Nova Scotia  800  13% 

 0.05 mg/L 

 >1 mg/L 

0.9-3.4 mg/L  Cordobo  1.8 mg/L 

 Tainan 

 6  .

.  2526  3-388 mg/L ( , 2543) 

 29  2534  1,467 

 2,412 .

.  672 

 (

)  0-1 

 ( P= 0.004)

2.2.4

 1 mg/L (ww) 

 5 mg/L (ww)  10 mg/L 

 5 

 spectrophotometer  0.012 - 0.300 mg/L     

 0.32-0.271 mg/L  28.57 - 86.67  522 

 (P<0.01) ( , 2533) 
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  2.2.5 

0.1-5.0 mg/L ( )

 (Bhattacharya, 2009) 

. .  0.23-2.97 mg/L (

)  (Eichhornia crassies) 

0-2.45 mg/L ( )  (Sinotaia ingallsiana)

 0-0.246 mg/L  100.7-1,854.84 mg/L 

( )  ( , 2540) 

2.2.6

 < 3 mg/L  1  1 g 

 52 mg/L 

< 8 mg/L 

2.2.7

 sodium arsenite (Fowler’s solution) 

 (leukaemia)  (psoriasis) 

(Antman, 2001) 

 carbarsone, melarsoprol  tryparsamide

2.3

 aerosol 
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 (Underhill, 1914) 

2.4

 0.2 mg/  50 g/

 2-20 g/

 0.05 g/

 20 m
3
/

 1 g/m
3

 20 g/

 2-3 g/L

 50 g/L

 50 

 0.0023 mg/L  49 

0.0015 mg/L

 10  

 0.00145 mg/L 

 0.00188  0.00453 

mg/L

 10-50 g/L

 200-300 g/L
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 <1 mg/L 

80 mg/L 

 (Mosaferi, 2005) 

2.5

 10 

 1 

 dimethylarsinic acid  65%  methylarsonic acid 

 20%  (Kapaj, 2006) 

2.6

 1A  International Agency 

Research Cancer (IARC)  mutagenic 

(Chien, 2004)  (teratogenicity)  NaAsO2

 9  10 mg/L  18 

 (malformations) (Desesso, 2001)

 trivalent inorganic 

arsenic  pentavalent 

 (-SH groups)  pyruvate dehydrogenase  

pyruvate   acetyl-CoA   

 Kreb’s cycle  (Tchounwou, 2004) 

 (Roy, 2002) 
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oxidative stress, genotoxic damage, DNA repair inhibition, epigenetic events  signal 

transduction pathways  (Kitchin, 2003) 

 phosphorelation  ATP (Huang, 2004) 

 3 

: Roy P. and Saha A “Metabolism and toxicity of arsenic: A human Carcinogen” CURRENT 

SCIENCE, 82, 1 (2002): 38-45. 

2.6.1

 (acute effects)

 (Saha, 1999) 

Natural deposite/  

Soil

Human Exposure to Arsenic

Excretions

Accumulation
(Skin, hair) 

Cellular 
Metabolism/

Toxicity

Non-carcinogenic Carcinogenic

Cardiovascular and 
Non- cardiovascular 

Effect

Chromosomal 

abnormalities

Modification of 

cell proliferation

Aberrations in 

gene expression

Altered DNA 

 repair

Oxidative stress

Drinking water/ 

Foods/ Drug 

Agricutural/
Mining/Coal

Burning

Uptake/ Absorption
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2.6.2

 (Long term effect) 

 5-10 

 10 

 (Saha, 1999) 

 (mucous 

membrane)

 (conjunctivitis) 

 (cellular enzyme) 

3.  (DNA damage) 

DNA damage

 50,000-500,000 

 DNA damage

 50,000-500,000 

 DNA damage  2  (1) 

 (Endogenous damage)  (reactive oxygen radical) 

 (2) 
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 (Exogenous damage)  (  , 

2552)

 (  1) 

-  DNA  DNA  micronucleus 

 (biomarker) 

4. Biomarker  3 

4.1 Biomarker of exposure

 metabolite 

Biomarker of exposure 

 internal dose 

metabolize

(biologically effective dose) 

 DNA  

             4.2 Biomarker of effect

 biologically effective dose 

4.3 Biomarker of susceptibility

 DNA (  1) 
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(Chen, 2005)

 1  DNA 

Whole genome Anueploidy 

Chromosome level Chromosome aberration 

Base-sequence level Point mutation 

DNA-helix level DNA lesions 

: Walum, E. and Jenssen, D. “Understanding Cell Toxicology: Principles and Practice” Ellis 

Horwood, Chichester (1990) : 203. 

5.  (genotoxicity) 

 (genotoxicity test) 

 DNA 

 (clinical trial) 

 Organisation for Economic Co-operation 

and Development (OECD) ,  (World Health 

Organization, WHO)  (United States 

Environmental Protection Agency, U.S. EPA) 

Micronucleus test, Comet assay, Chromosome aberration, Fluorescence in situ hybridization 

(FISH), sister chromatid exchange. (SCE) 

 Micronucleus test  Comet assay 

 U.S. EPA (2002)  OECD (1997) 

 standard method 
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(Al-sabti, 1995; Frenzilli, 2009) 

5.1 Micronucleus test 

Micronucleus test 

(chromosome aberration) 

 (Al-sabti, 1995) 

 daughter nuclei

 (Udroiu, 2006) 

 DNA  DNA 

 DNA 

 micronucleus (  4) 

 (Fenech, 2006) 

 apoptosis  necrosis (  5) 

 4  DNA 

: Fenech, M. “Cytokinesis-block micronucleus assay involves into a “cytome” assay of

chromosomal instability, mitotic dysfunction and cell death.” Mutat. Res.

                    600 (2006): 58-66. 

 (ARA = arabinoside, SSB = single strand break, DSB = double strand break) 

Adduct on DNA
Excision of adduct and inhibition of gap-filling by ARA results in SSB

Conversion of SSB to DSB following replicative DNA synthesis

DSB expressed as chromatid break

Lagging chromatid break expressed as micronucleus 
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Micronucleus test 

 (clastogen)  (carcinogen) 

 bioindicator 

 (Fenech, 2000) 

 5  Micronucleus, apoptosis  necrosis 

: Fenech, M. “In  vitro  micronucleus  technique.”  Mutation  Research.  435 (2000): 81-95.

 MN  Carrasso (1990)  Fenech (2000) 

 3 

(  6) 

1.  1/9-1/3 

2.

3.
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 6   ( )  ( - )

: Fenech, M.  “In  vitro  micronucleus  technique.”  Mutation  Research.  435 (2000): 81-95.

 Carrasso (1990)  Cavas and Ergene-Gözükara (2005) 

 (  7) 

1. Blebbed nucleus 

 dumbbell  heterochromatin 

2. Notched nucleus 

 (nuclear 

envelope)

3. Lobed nucleus  micronucleus 

 1  1  euchromatin 

heterochromatin

4. Vacuolated nucleus 

5.  Binucleus  2 
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 7  MN 

Oreochromis niloticus; micronucleus (MN), binucleated cell (BN), normal cell (N), 

blebbed nucleus (BL), lobed nucleus (LB) notched nucleus (NT)

: Cavas, T. and Ergene-Gozukara, S. “Evaluation of the genotoxic potential of lambda-cyhalotrin 

using nuclear and nucleolar biomarker on fish cell.” Mutat. Res. 534 (2003): 264-271. 

5.2 Comet  assay 

Comet assay  Single cell gel electrophoresis (SCGE)  microgel 

 N.P. Singh  1984  single strand  double 

strand DNA  DNA damage 

 DNA 

(Helma, 2000; Collins, 2004; Gabbianelli, 2006) 

 2  DNA 

 (  8)  comet assay  (1) 

DNA  (2) 

 (< 10,000 ) (3)  DNA 

 DNA  necrosis  apoptosis  DNA  necrosis 

 DNA  (  9) (Collins, 2004) 
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 8

: Wong, Vincy W.C. et al. “THE COMET ASSAY: a biomonitoring tool for nutraceutical 

research” Current Topics in Nutraceutical Research. 3 (2005): 1-14. 

 9  cardiomyocytes  H2O2

( ) necrosis cell ( ) apoptosis cell 

: Krown K A. et al. “Tumor Necrosis Factor Alpha–induced Apoptosis in Cardiac Myocytes” 

J. Clin. Invest 98, 12 (1996): 2854–2865. 

 Comet assay 

 Comet assay  LUCIA Comet Assay 
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1.  comet

 10  DNA  Comet assay  LUCIA 

Comet assay ( )  histogram  DNA  ( )  DNA  1 

: LUCIA Comet Assay. [Online], Accessed 25 April 2010. Available from

http://www.lbtcn.com/ranseti/CONENT/PRODUCT/PRODUCT2/product_1/dowmload/

Comet%20Assay.pdf

2.  LUCIA Comet Assay 

2.1 Integrated intensity (II) 

 DNA  EtBr  DNA 

1  (  10  1)

  Integrated intensity (II) = IH + IT

     IH = Head area idA 

    IT = Tail area idA 

Head area idA = 

 comet 

Tail area idA = 

 comet 

1.  Integrated intensity

2.  Head DNA [%] 

3.  Tail DNA [%] 

4.  Head radius 

5.  Tail length 

A      B                                         C

1

2
3

4 5
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2.2  Head DNA [%] 

DNA  comet  DNA 

 100 %  Integrated intensity (II) (  10  2)   

Head DNA [%]  = [IH /II] X 100

2.3 Tail DNA [%] 

DNA  comet tail  100 % 

 Integrated intensity (II)   (  10  3) 

  Tail DNA [%]  = [IT /II] X 100

2.4 Head radius  DNA 

 comet  A  B (  10  4) 

 ( m)

2.5 Tail length  comet  DNA 

 B  C  parameter  (

 10  5)  ( m)

2.6 Tail moment  tail length 

tail DNA [%] 

  Tail moment  = Tail length X Tail DNA [%] 

2.7 Olive moment 

 tail DNA [%] 

 11  DNA  ( )  DNA damage

              ( )  DNA damage  ( )  DNA damage 

: The Comet Assay. [Online], Accessed 25 April 2010. Available from

http://www.genpharmtox.de/downloads/AssaySheetsCometAssay.pdf
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6.  NaAsO
2

 CdCl
2

6.1  NaAsO
2

Abernathy  (1999)  DNA 

 DNA repair 

 DNA repair enzyme  arsenite  arsenite 

 DNA repair enzyme  arsenite 

 (aneuploidy)  arsenite 

spindle fiber  spindle fiber  microtubule 

polymerization

Kamrin  (1997) 

 lethal concentrations (LC50)

 50 

Toxicity Category 
Birds acute oral 

LD50 (mg/L)

Bird dietary 

LC50 (mg/L) 

Fish water LC50

(mg/L)

Very highly toxic <10 <50 <0.1 

Highly toxic 10-50 50-500 0.1-1 

Moderately toxic >50-500 >500-1,000 >1-10 

Slightly toxic >500-2,000 >1,000-5,000 >10-100 

Practically nontoxic >2,000 >5,000 >100 

Barchowsky  (1999)  NaAsO2  endothelial 

cells

 NaAsO2   < 5  M/L

 tyrosine kinase signaling cascade 

 transcription  transcription factor NF-kB  DNA 

 NaAsO2  signaling pathways 

 H2O2
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 NaAsO2

 NaAsO2

 (>50-100 M/L)

 5 M/L  NaAsO2  oxidant-

sensitive regulation 

Siminova  (2001) 

 (AP)-1 DNA-binding  cancer precursor marker 

 Nuclear extracts and electrophoresis mobility-shift assay (EMSA) 

 cancer precursor marker  (AP)-1 

DNA-binding  NaAsO2

 AP-1 

 AP-1 DNA binding 

 NaAsO2 20 g/ml

Roy  (2002) 

 methylate  monomethylarsonic acid   dimethylarsinic 

acid  DNA hypomethylation 

 methyl 

(aberrant gene expression)  

(nonmutagenic agent)    genotoxic agents 
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Li  (2003) 

 Anion and cation exchange high performance liquid chromatograph (HPLC) 

Inductively coupled plasma mass pectrometry (ICPMS) 

0.086-7.54 mg/g ww  Arseno-sugar  0.025-6.604              

mg/g ww  Inorganic Arsenic  2% 

Liao  (2003)  acute toxicity  bioaccumulation 

 (Oreochromis mossambicus)  black foot 

LC50  24  96  600  28.68 mg/L 

 Atomic absortion spectrometer 

Amlund  Berntssen (2004)  (arsenobetain ; 

(CH3)3As
+
CH2COO

-
)  (Salmo salar L.)  atlantic salmon 

 2  smolt 

(CH3)3As
+
CH2COO

-
 1.23±0.08 g/L weight 

 0.99±0.10 g/L weight  1.5, 3, 6, 12, 44 144

Na+/K+ ATPase activity  (CH3)3As
+
CH2COO

-

atlantic salmon 

6  (CH3)3As
+
CH2COO

-

(P<0.05)  1.8±0.4  0.9±0.2 g

 (CH3)3As
+
CH2COO

-
 0.08  0.104 g

 (CH3)3As
+
CH2COO

-

Das  (2004)  100 

 Kahua  Hajiganj  Chandpur, Sharishabari, Jamalpur 

 atomic absorption 

spectrophotometry  0.52±0.21 mg/L             

 WHO  0.01  0.05 mg/L 
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 Kahua Upazila  15.68±6.59 mg/L 

 10 mg/L  0.27, 1.58 

 9.71 mg/L  Kahua Upazila 

(Ipomoea reptans)  0.68 mg/L  (Phicephalus punctatus)  0.02-0.04 mg/L

 (2548) 

 (Cynoglossus bilineatus)

 2546 

 5.5297-13.0968, 1.0034-3.1244, 

0.0862-1.3302, 0.2020-3.0786  0.6635-0.8446 g/g ww 

 (2529)

 (2548) 

 HPLC/ICP-OES 

 3:1  91.6% 

 3  arsenobetaine (AsB), monomethylarsonic acid 

MAs)  15 

 DORM-2 

 86.9% 

Otero  (2005)  8  (Cr),  (Zn), 

 (Cd),  (Pb),  (Ni),  (As),  (Hg)  (CU) 

2  Cr  Zn  Cd 

Pb  Ni 

 pyritization  As, Hg  Cu 

Oresacnin  (2006) 

 Adriatic Sea  (Mytilus galloprovincialis)

 6 . . 2003 . . 2004 . . 2004 

. . 2005  excited Energy Dispersive X-ray Fluorescence Method 

(EDXRF)  Pb, As, Cr, Mn, Fe, Ni, Cu  Zn  2-7, 4-30, 1.29, 2-13,
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53.4-719, 0.8-5, 3.7-11.1  59.1-273 mg/L 

 Vranjic region  As, Fe  Zn 

(P<0.05)

Ahmed  (2008)  spotted snakehead 

(Channa punctatus, Bloch)  sodium arsenite (NaAsO2) 0.5, 

1  2 mM  NaAsO2  2 mM  2  30 

 1  0.5 mM  5  18 

 Trypan blue dye exclusion  1 mM  2 

mM  68%  38%  0.5 mM 

 DNA  gel electrophoresis  NaAsO2

 apoptosis  DNA 

fragment

Akter  (2008)  NaAsO2  HgCl2

 (Anabas testudineus)  50 (LC50)

96  96h-LC50   NaAsO2

HgCl2  18.211  0.606 mg/L  (P<0.05)

Ninh  (2008) 

(sea anemones) 7 Anthopleura asiatica, Actinia equine, Actinodendron arboretum, 

Phymanthus  loligo, Entacmaea actinostoloides, Stichodactyla gigantean, Stichodactyla  haddoni, 

Stichodactyla mertensii Metridium senile  LC/ESI-MS 

 4  arsenobetaine (AB), arsenocholine (AC), 

trimethylarsoni propionate  tetramethylarsonium ion (TEMA) 

 arsenate, methylarsonic acid, dimethylarsinic acid  trimethylarsine oxide 

 3 S. gigantean, S. haddoni M. senile

 AC  A. arboretum P. loligo  A.asiatica, 

A. equine,E. actinostoloides S. mertensii   TEMA  

 (24.6-87.1%) 

Palaniappan  Vijayasundaram (2008)   

 (Labeo rohita)  Arsenic trioxide (As2O3)
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41.5 mg/L  14  (sub-acute exposure)  Fourier transform infared (FT-IR) 

spectroscopy

 spectrum band 

Sanderson  (2008) 

 2  Bornholm 

11,000

  Bornholm

Li  (2009)  (NaAsO2)

 (Danio rerio)  NaAsO2  0.5 mM 

 0.5-10.0 mM 

 NaAsO2 2.0-5.0 mM  30 

 2.0 mM  48 

 0.5-2.0 mM  60 

 2.0 mM 

 24  48  apoptosis  2.0 mM  24 

48  genomic DNA methylation

6.2  NaAsO
2

Warner  (1994) 

 1312 g/L  NaAsO2

 16 g/L  Micronucleus test  MN 

 1.57  2.73  1,000  (P = 0.03)

 Micronucleus 
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 micronucleus 

Mouron  (2001)  DNA  human 

lung fibroblast cell line MRC-5  CdCl2  1, 2  4 M CdSO4  0.033, 

0.067  0.13 M NaAsO2  2.5, 5  10 M  C2H7AsO2  125, 250 

500 M  2    SCGE  assay   Comet  assay   CdSO4

 NaAsO2  TD%  (P<0.001)  CdCl2  DNA 

 CdSO4  C2H7AsO2  DNA 

(P<0.001)

Basu  (2002) 

 368.11 g/L  NaAsO2

 5.49 g/L  Micronucleus test  MN  (oral 

mucosa)  (urotherial cells)  (lymphocytes) 

 5.15, 5.74  6.39  1,000  0.77, 0.56 

0.53  1,000 

(cytogenetic damage)

Ahsan  (2003) 

 30  104 

 MPO  CAT 

 MPO  GG 

 AA  CAT  TT 

 CC 

 hyperkeratosis 

Yanez  (2003)  DNA damage 

 Villa de la Paz 

 Matehuala    Comet assay  Tail length  tail moment 

  (P<0.05)

Basu  (2004) 

 214.72 g/L  NaAsO2
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 9.20 g/L  Micronucleus test  MN  lymphocytes, mucosa 

cells  urotherial cells  5.33, 4.63 

4.71   (P<0.001)

 micronuclei  lymphocytes, mucosa cells  urotherial cells 

Guillamet  (2004)  (toxicity) 

 (genotoxicity)  sodium metaarsenite (NaAsO2),

sodium hydrogenarsenate heptahydrate (Na2HAsO4.7H2O), sodium hexafluoroarsenate (NaAsF6)

 arsenobetaine (C5H11AsO2) MMA (CH3H2AsO), DMA 

[(CH3)2HAsO2], tetramethylarsonium iodide [(CH3)4AsI], tetraphenylarsonium chloride hydrate 

[(C6H5)4AsCl.H2O]  human lymphoblastoid cell line (TK6)  30  3 

 0.001, 0.01, 0.1, 1  10 M  Comet assay  Olive tail 

moment  (P<0.05)  sodium arsenite 

sodium arsenate  (P<0.05)  tetramethylarsonium 

iodide  tetraphenylarsonium chloride  sodium arsenite  Olive tail moment 

 (P<0.05)  0.1 M  30 

Martinez  (2005) 

 0.75 g/L

 NaAsO2  0.002 g/L  Micronucleus test 

MN  2.74±0.26  3.14±0.32  1,000 

 cytogenetic damage 

Chakraborty  (2006) 

 66.75 g/L

NaAsO2  6.44 g/L  Micronucleus test  MN 

 0.29±0.01  0.98±0.07  1,000 

(P<0.01)  Micronucleus test 

Chai  (2007)  genotoxicity  NaAsO2 1, 2, 4, 8 and 10 M. 

48  SV-40 immortalized human uroepithelial cells  Comet 

assay, Immunocytochemistry  western blotting  NaAsO2  DNA damage 
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 mutant p53  COX-2 proteins 

 Comet assay  4 M

Wang  (2007)  NaAsO2

 0.25, 0.5, 1  2 M  48  human leukemia cells  Chinese 

hamster ovary cells  Comet assay  NaAsO2  DNA 

damage  comet moments  (P<0.05)  NaAsO2

 DNA adducts  calcium-mediated production of peroxynitrite, hypochlorous acid  

 hydroxyl radicals. 

Akram  (2009)  genotoxicity  DNA fragmentation  NaAsO2

 50, 100, and 200 mg/L  28  ovarian cells  Comet 

assay  NaAsO2  100  200 mg/L  DNA damage 

tail length, %DNA in tail, tail moment  olive moment  (P<0.05)

 (P<0.05)  NaAsO2

 DNA damage  ovarian cells 

Comet assay  DNA damage

6.3   CdCl
2

Ayllon (2000)  colchicine,        

mitomycin C, cyclophosphamide   2 

 European  minnow (Phoxinus  phoxinus)  Mollie (Poecilia  latipinna)

 Micronucleus test  minnow   colchicine (10 mg/L)    mitomycin C 

(20 mg/L)  MN  (P<0.01)

 CdCl2  1.7 mg/L 

2  MN  2 

(P<0.05)   minnow  Hg(NO3)2  MN 

  mollie   Hg(NO3)2  0.17  1.7 mg/L  MN 

 (P<0.05  P<0.01 )  mollie 

 MN  minnow 

Tilton  (2003)  CdCl2

 Japanese mekada (Oryzias latipes)  CdCl2  0-0.01 mg/L 
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7  CdCl2  gonadal steroid 

 CdCl2  5 mg/L  plasma estradiol 

 (P<0.05)

Cavas  (2005)  MN  BN 

 3  common carp, prussian carp  peppered cory 

 CdCl2  0.005-0.1 mg/L  CuSO4  0.01-0.25 mg/L  21 

 (Cr
+6

)  5 mg/L  positive control  MN 

 BN  peppered cory  CdCl2  0.005  mg/L  MNFs 

 (P<0.01)  BNFs  (P<0.01)

 CdCl2  0.1 mg/L   MNFs 

BNFs  (P<0.01)  prussian carp  CdCl2

 0.1  mg/L  MNFs  BNFs 

 (P<0.05, P<0.01 P<0.001)

common carp  CdCl2  0.1  mg/L  MNFs 

 (P<0.05  P<0.01)  BNFs 

 (P<0.01)  common carp 

 prussian carp  CuSO4  0.01  mg/L  MNFs 

 prussian carp  (P<0.01)

common carp  CuSO4  0.25  mg/L  MNFs  (P<0.05)

 prussian carp  CuSO4

 0.25  mg/L  MNFs   (P<0.01, P<0.01 P<0.05)

 peppered cory  CdCl2

 common carp  prussian carp  prussian carp 

CuSO4  common carp  peppered cory 

Jayakumar  (2006) 

C. batrachus  CdCl2  7 mg/L  60 

 >  >  >  > 

 CdCl2  0.98+0.03, 0.81+0.01, 0.77+0.01, 0.31+0.01  0.04+0.00 mg/L 

 (P<0.05)
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Matsumoto  (2006) 

 Corrogo dos bargres 

O. niloticus  micronucleus test  comet assay 

 MN 

 (effluent discharge) 

 comet scores  70.17  62.0 

 (P<0.05)

Chai  (2007)  genotoxicity  NaAsO2 1, 2, 4, 8 and 10 M.

48  SV-40 immortalized human uroepithelial cells  Comet assay, 

Immunocytochemistry  western blotting  NaAsO2  DNA damage 

 mutant p53  COX-2 proteins 

 comet assay  4 M

p53  TATA-binding proteins (TBPs)  transcription initiation complex             

 wild-type p53  TBP  human COX-2 promoters  cellfree system 

 apoptosis 

Jiraungkoorskul  2007 

 25%  69 h LC50  24, 48, 72  96 

(Oreochromis niloticus) (Poronotus triacanthus)  (Punticus altus)

 Micronucleus test  micronucleus 

Sanchez-Galan  (2001)  CdCl2  micronucleus 

Anguilla anguilla

 3 

 NT>LB>BN>BL

6.4  CdCl
2

Kasuba  Rozeaj (2000)  CdCl2

10
-3
-10

-6
 M  G0  S 

 24  phytohemagglutinin  MN 

CdCl2  10
-3
 M  G0
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 S  CdCl2

 10
-3
-10

-6
M  MNFs  (P>0.05)

Mouron  (2001)  DNA 

human  lung  fibroblast    comet  assay   CdCl2  4 M, CdSO4  0.067 

 0.13 M, NaAsO2  2.5, 5 M  C2H7AsO2  125, 250  500 M

 DNA  damage   human  lung  fibroblast 

Seoane    Dulout (2001) 

 DNA  damage, gene  mutation  chromosome  breakage 

micronucleus  test  kinetochore  fibroblast  (MRC-5)  

 CdCl2, CdSO4, NiCl, Ni2SO4, CrCl3  K2SO4  MN 

kinetochore-positive  kinetochore-negative (P<0.001)

 clastogenic  aneugenic 

Fatur  (2002)  DNA damage  metallothionine 

 (HepG2)  CdCl2  10, 100  1000 nM  2 amino-3-

methyl-imidazo (4,5-f) quinoline (IQ)  benzo [a] pyrene (B(a)P)  HepG2 

CdCl2  10-1000 nM  12  DNA damage 

metallothionine  HepG2  CdCl2  10-100 nM  IQ 

300 M  DNA damage  IQ 

 MN  IQ 

6.5  Micronucleus test  Comet assay 

 micronucleus test  comet assay  U.S. EPA 

Cavas  (2003) 

 5, 10  20%  3, 6  9 Oreochromis niloticus 

Micronucleus test  interphase silver-stained nucleolar organizer regions 

(AgNORs)  micronucleus 
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 (P < 0.01)

 NT >  LB  > BN > BL

micronucleus

micronucleus (P < 0.05)

Frenzilli (2004)   DNA  damage  Goteborg  Harbour  

. . 2003  comet  assay  DNA  damage  eelpout 

(Zoarces  viviparus)  Goteborg  Harbour  

 comet  assay 

 eelpout  comet assay 

Cavas  Ergene-Gozukara (2005) O. niloticus

 petroleum 

refinery effluent  chromium processing plant effluent  5-20% (v/v)  9 

 micronucleus test  cyclophosphamide (positive control) 

4 mg/L  6-9  MN 

 (P<0.05)  chromium processing plant 

effluent  20% (v/v)  6-9  MN  BN   (P<0.05)

 petroleum refinery effluent  5-20% (v/v)  3-9  MN 

 (P<0.05 P<0.01 )  chromium 

processing plant effluent  20% (v/v)   9  binucleated, 

lobed  blebbed nucleus  (P<0.05 P<0.01 )

notched  nucleus 

 micronucleus test 

 lobed  blebbed nucleus  indicator 

Rigonato  (2005)  methylmethane sunfonate 

 hemolymph, gill tissue  digestive gland tissue 

 (Corbicula fluminea)  comet assay C. fluminea

methylmethane sunfonate  0.6, 1.2  2.4x10
-4
 M  40  gill tissue 
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DNA damage  haemolymph  digestive gland tissue 

 DNA damage 

DNA damage  hemolymph  digestive gland tissue 

 hemolymph 

C. fluminea  bioindicator 

Barsiene  (2006)  MN 

 nuclear buds, bi-nucleated cells  fragmented-apoptotic cells 

 (cephalic kidney)  turbot (Scophthalmus maximus)

 atlantic cod (Gardus morua)  spiked oil 0.5 mg/L, crude oil 0.5 mg/L 

nonylphenol 30 mg/L  turbot  MN 

 (P<0.05)  nonylphenol > spiked oil > crude oil  

 MN  MN  3.6, 3.6  2.6 

 nonylphenol, spiked oil  oil  atlantic cod 

nonylphenol  MN 

 MN  turbot 

 turbot  nuclear buds 

 fragmented-apoptotic cells 

nonylphenol  spiked oil (P<0.0001)  micronucleus test 

biomarker

Gabbianelli  (2006)  organotins  DNA 

Scapharca inaequivalis  comet assay  

 organotins 3  monobutyltin-chloride 

(MBTC), dibutyltin-chloride (DBTC)  tributyltin-chloride (TBTC)  10 M

30  MBTC  DNA  31.33%  (P<0.05)  DBTC 

 DNA  20.00%  (P<0.05)  TBTC     

50 mg/L  11  TBTC  DNA damage 

tail length, tail intensity  tail moment  (P<0.05)
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Pandey  (2006)  endosulfan 

0-12 mg/L Channa punctatus (Bloch)  24-96 

 alkaline single-cell gel electrophoresis  endosulfan  LC50

                C. punctatus  24, 48, 72  96  19.67, 12.95, 10.15 

7.75 mg/L  endosulfan  DNA damage 

 DNA damage 

Talapatra  Banerjee (2006)  genotoxic effects 

Labio bata  micronucleus 

test  MNFs  (P<0.001)

 necrotic cells, apoptotic cells, notch nucleated 

cells  binucleated cells  (P<0.001, P<0.01  P<0.05

)    nuclear abnormalities     

 chromium, zinc, copper, lead, iron  sludge

Celik  (2007)  cytogenetic damage 

 Afsin-Elbistan  chromosomal aberration, 

polyploidy  sister chromatid exchange  0.033 ± 0.015, 0.52 ± 0.09  6.08 ± 0.12. 

 MN  8.20±0.61 cells/1,000  sister chromatid exchange 

MN  4.60±0.11  6.56±0.43 cells/1,000 

 (P<0.01 P<0.05)  chromosomal aberration  MN 

Fenech Michael (2007)  cytokinesis-block micronucleus (CBMN) 

assay  DNA damage, cytostasis  cytotoxicity 

 DNA damage  binucleated (BN) cells, micronuclei (MNi), nucleoplasmic bridges 

(NPBs), nuclear buds (NBUDs)  cytostasis  mono-, bi-  multinucleated cells 

 cytotoxicity  necrotic  apoptotic cell 

MN  lagging whole chromosomes  acentric chromosome fragments  NPBs 

 dicentric chromosomes  double strand DNA 

breaks  telomere end fusions  NBUDs  gene amplification 
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 MN  Centromeric 

 MN  aneuploidy  MN  chromosome breaks (centromere negative)   

 MN  chromosome loss (centromere positive)  centromere 

 malsegregation (owing to non-disjunction  chromosome loss) 

 pancentromeric  non-

disjunction

7. Lipid peroxidations (LPO) 

 reduction  oxidations 

reactive oxygen species (ROS)  superoxide anion, hydrogen peroxide  hydroxyl 

radicals  ROS  DNA  LPO  Protein peroxidation 

 Yamanaka  1990  dimethylarsenic peroxyl 

 (free radical)  methylated arsenic 

 sister chromatid exchanges (Nordenson , 1981) 

 NaAsO2  DNA  DNA methylation state 

DNA  ROS  p53  telomerase 

  signal transduction pathways  transcription 

factors (Wang, 2001) 

LPO  (cell injury) 

 (unsaturated 

lipid)  (oxidized) 

 lipid radical  (toxic by-product) 

 polyunsaturated fatty acids (PUFA) 

 (oxidation)  (OH·) 

 lipid peroxyl radical (LOO·) 

PUFA  lipid peroxide  LOO· 

 lipid peroxide 

 carbonyl (Halliwell, 1993) 

 polyunsaturated fatty acid peroxides  lipid peroxide 

 malondialdehyde (MDA)  end-product  MDA 
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, serum, plasma,  MDA 

 lipid peroxidation 

(oxidative stress)  end-product 

 lipid peroxidation  TBARs Assay ( , 2550) 

 12  lipid peroxidation 

8.  Oxidative stress 

Samokhvalov  (2003)  oxidative stress  NaAsO2

Saccharomyces cerevisiae  Lipid peroxidations  NaAsO2

 Oxidative stress  (P<0.05)

 10
-4

 10
-6
 M (12.9  0.129 mg/L)  10

-2
 M (1,290 mg/L) 

 (P>0.05)  NaAsO2 -ketoglutarate

dehydrogenase  pyruvate dehydrogenase  lipid peroxidation 

Shila  (2005)    DL-  lipoic acid  NaAsO2

 glutathione  GPx, GR 

glucose-6-phospahte dehydrogenase (G6PDH)  lipid peroxidation (LPO) 

cortex, hypothalamus, striatum, cerebellum  hippocampus  NaAsO2

 glutathione activity 

 DL-  lipoic acid 

cortex, striatum  hippocampus    LPO 
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 DL-  lipoic acid  NaAsO2

 LPO  GSH  activity 

 lipoic acid 

 sulphydryl nucleophile  glutathione 

glutathione disulfide 

 (2550)  glutathione peroxidase 

25  22 

 glutathione peroxidase 

activity  32±6.91 U/gHb 

 37±8.78 U/gHb (P<0.05)  glutathione 

peroxidase activity  oxidative stress 

Bhattacharya  (2007)  oxidative stress  As2O3  4.2 

8.4 mg/L  10 Clarias batrachus  lipid peroxidation, 

glutathione, glutathione peroxidase (GPx), superoxide dismutase (SOD), catalase  glutathione 

reductase (GR)  1  As2O3  lipid peroxidation, glutathione 

peroxidase (GPx), superoxide dismutase (SOD), catalase   (P<0.05)

 glutathione  glutathione reductase (GR)  (P<0.05)

Vutukuru  (2007)  Hepatotoxicity  Cellular damage 

(Labeo rohita)  (Cd
+6

)  enzyme assay 

 Alanine aminotransferase (ALT) (P<0.001)

 Cd
+6  

 ALT  Aspartate amino transferase (AST) 

Hepatotoxicity L. rohita

Lima  (2009)  oxidative stress  KHAsO4

(Danio rerio)  KHAsO4  1, 10  100 g/L  48 

 glutathione (GSH)    glutamate cysteine ligase (GCL)  (P<0.05)
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 10  100 g/L    oxygen consumption 

(P<0.05)  100 g/L    glutathione reductase, glutathione-Stransferase, 

catalase, oxygen reactive species generation  LPO  (P>0.05)

 KHAsO4 antioxidant  GCL  GSH          

Soundararajan  (2009)  oxidative stress  arsenic trioxide 

 0.1  0.05 mg/L  5  10 Tilapia mossambica  NaAsO2

 lipid peroxidation superoxide dismutase (SOD)  catalase 

(P<0.05)  glutathione glutathione reductase (GR) 
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 3 

1.1

 2

1.

Autoclave Astell 

Centrifuge  Wise Spin  CF-10 Gibthai

Cold room Riwacold 

Digital Specific Gravity/Salinity-Meter (DSG-10) 

Electrophoresis power supply Consort E884 

Fluorescence  microscope Nikon  

Fume hood Wiwatsan lab 

Horizontal electrophoresis chamber HU10 

Hot Air Oven Memmert-Schwabach  

Hot plate& sterier Lab tech 

Laboratory DC counter Gemmy IDS. CORP. 

Light microscope Olympus  

Microwave Sharp 

pH meter Hanna 

Program LUCIA Comet assay Hollywood International LTD. 

Refrigerator -20
o
C SANYO 

Refrigerator 4
o
C Electrolux 

Spectrophotometer   UV-160A  Shimadzu 

Thermometer
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 2  ( )

Thermal-lock dry-bath USA Scientific 

Timer

Unsterred Digital Bath  Ecothep TW20 Scientific promotion 

Vortex mixer (minishaker)  

 FISTREEM 

 (Ultrasonic)  

2.

Aluminum foil  

Beaker 100, 250, 600,  1000 ml. Pyrex® 

Centrifuge tube Gibco 

Coupling jar  

Cover glasses (22x22 mm) Mensel-Glaser 

Cover glasses (22x40 mm) Mensel-Glaser 

Cryotube
TM

vial nunc Lot No. 375 418 

Cuvette quartz Hellma 

Disposable Syring  Nipro Lot.No. 07 G 21 

Dressing forceps size18cm. Mira Cat No. 15-124 

Duran bottle 150, 250, 500, 1000 ml. Schott 

Examination gloves 

Flask 100, 125, 250, 500,  1000 ml. Pyrex® 

Fume hood Wiwatsan lab 

Glass-dropper-bottle  

Glass dropper with rubber bulbs  

Glass pipettes 5 , 10 ml  

Graduated Cylinder Schott 
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 2  ( )

Hemocytometer BOECO 

Icepack  

Magnetic stiring bars Spinbar® Cat No. 371200030 

Metal test tube rack  

Microcentrifuge tubes 

Micropipette 10-100 l ViPR  Cat No. 720050 

Micropipette 20-200 l ViPR  Cat No. 720070 

Micropipette 100-1000 l ViPR  Cat No. AP72006 

Microscope slide Box  

Microscope slides frosted Sial Band Cat. No. 7105 

Mortar and Pestle Gibthai 

Needle 1 ml. 26Gx½” Nipro Lot.No. 04D17 

Petri Culture Dishes - Glass Pyrex® 

pH-indicator strips  Merck  

Pipetboy acu IBS integra biosciences 

Pipette Boxes Stainless Steel  

Pipette tip 

Polypropylene Graduated Cylinder Bell-Art 

Scalpel Handle  No.4 Feather  

Spatula

Standard operating scissor  

Stirring Rod  

Surgical Blades No.22 Feather Lot.00210 

Tissue forcep size6” Mira Cat No. 15-143 
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1.2

 3 

Agarose I 
TM

 (Normal melting point agarose, NMP) Amresco  

DePeX mounting medium (DPX) BDH AnalaR® Lot HX932746 

Dimethyl sulfoxide (DMSO) Amresco  

Di-sodium Hydrogen orthophosphate (Na2HPO4) Amresco   

2,6-Di-tert-butyl-4-methylphenol Merck 

EDTA disodiumsalt dihydrate 

(C10H14N2O8Na2 2H2O)

Amresco

Ethanol alcohol 

Ethidium bromide (EtBr) Fluka  

Hydrochloride acid fuming 37% (HCl) Merck 

Immersion oil for microscopy Olympus 

Liquid nitrogen  

Potassium chloride (KCl) Fluka chemika 

Potassium dihydrogen phosphate (KH2PO4) Fluka chemika 

Quinaldine

Sodium chloride (NaCl) J.T. Baker Cat C25337 

Sodium Hydroxide (NaOH) BDH AnalaR® 

2-Thiobarbituric acid Merck 

Trichloroacetic acid Merck 

Trypan blue 0.5% (w/v) in physiological saline  Seromed 

Tris Base (C4H11NO3) Amresco  

Triton X-100  Amresco  

Ultra pure
TM

 LMP Agarose (Low melting point) Invitrogen Lot No. L062107 

Wright rapid stain set Biotech Lot. 241108 

Xylene Merck 
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 4 

Biodiversity & Genotoxicity Laboratory 

 –  2552 

 27-28 C

 NaAsO2

CdCl2  Positive control  24, 48  72 

 NaAsO2  Micronucleus test 

Comet assay  2 

 NaAsO2

 lipid peroxidation (LPO) 

1.

1.  4 

 2  500 

2.

  30 X 60 X 40 .

NaCl 10 g/L  27-28 C

1

3.    2  8.30-9.00 .  16.00-17.00 .

 2 

4.  7.79±0.09 .  9.14±0.40 g 

 20  (N=20)
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2. ( ,  2541)

1.    

 6M HCl      

 2  deionize 1 

deionize  2 

2.  NaAsO2  NaAsO2  sodium arsenite  (NaAsO2 )

 NaAsO2

3.  NaAsO
2

 50 (Letal Concentrations, LC
50

)

  30 x 60 x 40 .  40 

 20  NaAsO2  0, 1, 2, 4, 8, 16, 32  64 mg/L 

 NaAsO2  24 

 (operculum) 

 LC
50

 Probit Analysis  SPSS

4.  NaAsO
2

 LC
50

 NaAsO2

 LC
50

 Micronucleus test  Comet assay 

 NaAsO2  0.25 mg/L

 oxidative stress  lipid peroxidation

5.  NaAsO
2

1.    NaAsO2  0, 0.25, 0.5, 1 

2 mg/L  20  NaAsO2 24, 48  72 

2.    (caudal vein) 

 (genotoxicity)  Micronucleus test  Comet assay   
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6.  DNA 

6.1  Micronucleus test (Barsiene, 2007  sunate, 2549)

1)  NaAsO2  0, 0.25, 0.5, 1  2 mg/L 

 24, 48  72  Quinaldine 1 

 3 

2)  26 G ½ 

 3 /

 Comet assay

3)  fixed  absolute ethanol  10           

4)

 5)   Wright rapid stain 

fixative, eosin solution  polychrome methylene blue solution 

 30 

 6)  mounted  DPX  micronucleus 

nuclear abnormalities  1,000 /  3 

 7) 

 micronucleus 

 1,500 

8)     micronucleus  micronucleus 

 Carrasso,1990  Fenech, 2000 (  6)

9)  blebbed nucleus, notched 

nucleus  lobed nucleus  Carrasso,1990  Cavas, 2005 (  7) 

6.2  Comet assay/Single cell gel electrophoresis (SCGE) (Akcha, 2003) 

6.2.1

       1)  micronucleus  

test  1  phosphate buffer 

saline (PBS) pH 7.4, 4 ml. (137 mM NaCl, 2.7 mM KCl, 1.8 mM KH2PO4, 10 mM Na2HPO4)
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 cell suspension  10
7
 – 10

8

cells/ml  hemocytometer 

2)  0.8% Normal melting point 

agarose (NMA)  50 - 55 
o
C  ice pack 

5  3  NMA 

3)  30 l   microcentrifuge  tube  

0.5% Low melting point agarose (LMA)  65.5
o
C  225 l

microcentrifuge  tube  37-40 C  heat block 

 agarose  mixer 

4)    LMP  70 l

0.8% NMA 

ice pack  agarose 

5)  0.5% LMA  90 l  LMA 

 ice pack  agarose 

6 )

lysis solution pH 10-10.5 (2.5 M NaCl, 0.1 M EDTA, 10 mM Tris base, 10% DMSO, 1% triton         

X-100 )  4 C  24  (cell membrane) 

7)   horizontal electrophoresis chamber  Alkaline 

buffer  pH=13 (300 mM NaOH, 1  mM EDTA)  1 

10  DNA  supercoiled 

chamber

8)  Power supple  270 mA, 20 V  electrophoresis 

 DNA  30  neutralization buffer     

pH 7.5 (0.4 M Tris base)  0.5  2  5 

 pH  DNA 

9)  absolute ethanol  5  DNA 

 DNA 

10)  DNA  UV  DNA damage 

 4 C  14 
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 Comet assay  DNA 

6.2.2  DNA ( , 2549)

1)  DNA  electrophoresis  10  Ethidium 

bromide (EtBr)  20 mg/ml  15  EtBr 

 EtBr 

 EtBr 

2)   DNA damage 

 (fluorescence)  EtBr  excitation 488 nm emission 580-630 nm        

 filter box G-  2A (excited 510-560 nm, decroic mirror 575 nm  emission 590  nm) 

 400  DNA 

 DNA electrophoresis  DNA 

 Comet  DNA 

 Comet  

3)  DNA damage  50 /

DNA  X  Y  DNA 

 apoptosis  DNA damage 

 comet  DNA damage 

4)  DNA damage  LUCIA Comet Assay 

DNA damage  4 parameter  Tail DNA [%], Tail length, Tail moment  Olive moment

6.2.3  LUCIA Comet Assay 

.  LUCIA Comet Assay 

1) comet  DNA 

 single cell gel electrophoresis (SGCE) 

 DNA  DNA 

2)    comet head  DNA  DNA 
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3)  comet tail  DNA 

 DNA 

4)   SCGE  DNA 

.  LUCIA Comet Assay 

 13  comet  LUCIA 

: http://www.lim.cz/download.php?id=16& 

 1)   Integrated intensity (II) 

 DNA  EtBr  DNA 

1  (  13  1)

 Integrated intensity (II) = IH + IT

     IH = Head area idA 

    IT = Tail area idA 

Head area idA =  comet 

Tail area idA =  comet 

 Comet 

1.  Integrated intensity   

2.  Tail DNA [%] 

3.  Tail length 

3

1

2

A B C
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2)   Tail DNA [%] 

DNA  comet tail  100 % 

 Integrated intensity (II)   (  13   3) 

  Tail DNA [%]  = [IT /II] X 100

3)   Tail length  comet  DNA 

 B  C  parameter 

(  13  5)  ( m)

4)   Tail moment  tail length 

tail DNA [%] 

  Tail moment  = Tail length X Tail DNA [%] 

5)    Olive moment 

 tail DNA [%] 

7.  (liver toxicity) 

 NaAsO2

 lipid peroxidation (LPO) 

  7.1 

1)  NaAsO2  CdCl2

 Qunidine  Micronucleus test  Comet assay

2)  plate  PBS 7.4  4
0
C

3)    Cryotube  1 

 -80
o
C

4)  0.5 g.  5 

5)  PBS 7.4 

 3 ml 
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6)  13,500  20  supernate 

 -20
o
C

  7.2  Lipid peroxidation (Ordovas, 1998)

1)  supernate 400 l  10% Trichloroacetic acid  4
 o
C 800 l

 50 mM 2,6-Di-tert-butyl-4-methylphenol 40 l

autooxidation  3 microcentifuge tube 

2)  8,000  3  supernate 

3 microcentifuge tube  1.8 ml  0.67% Thiobarbituric acid 1.8 ml 

3)  95
o
C  10  Thiobarbituric acid 

Malondialdehyde (MDA) 

4)  4
o
C  532 nm 

 MDA  

8.  ( , 2549) 

8.1

 One-Sample Kolmogorov-Smirnov Test 

8.2

-  One-Sample 

Kolmogorov-Smirnov Test 

8.2.1

 NaAsO2

  1)  

Turkey test  (  NaAsO2)

*

yi - yj  > q  ( k, N-K)  MSE/n

*

yi - yj  > q  ( k, N-K)    MSE( 1 –1 ) 
ni  nj

2
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   2)   Post hoc 

 (  NaAsO2)

8.2.2  Analyze > Nonparametric 

Tests > K-Independent Sample  Kruskal-Wallis Test 

8.3  Analyze > Nonparametric Tests > 

K-Independent Sample  Kruskal-Wallis Test 
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  5 

 2  7.79±0.09 .  9.14±0.40 

 NaAsO2  2 

 negative control  NaAsO2  positive control  CdCl2 0.05 

mg/L  NaAsO2  24, 48  72 

 Static-renewel test 

 20  LC50  NaAsO2  24 

 NaAsO2  LC50

 Micronucleus test  Comet assay 

 Lipid peroxidations (LPO)  Malondialdehyde 

1. NaAsO
2

 50 (Lethal Concentrations, 

LC
50

)

 NaAsO2  2 

 NaAsO2  0, 1, 2, 4, 8, 16, 32  64 mg/L  24 

 5, 5, 0, 0, 30, 60, 90  100%  CdCl2 0.05 

mg/L  10%   NaAsO2

 50  (LC50)  SPSS  Probit Analysis 

 NaAsO2  50  16.4224 mg/L (  14) 

 NaAsO2  100%  64 mg/L
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14   LC50  NaAsO2  2 

24

2. NaAsO
2

 Micronucleus 

test

 NaAsO2

 NaAsO2  LC
50

0.25 mg/L  3 ( . .

2539)

  0.25 mg/L 

 NaAsO2  1 mg/L  micronucleus 

 (P<0.05)  NaAsO2  0, 0.25, 0.5, 1  2 mg/L 

 24, 48  72  72 

 NaAsO2  30%  U.S. 

EPA (2002)  10%  

 NaAsO2 24  48 

 Micronucleus test 

 3,000 

 micronucleus (Micronucleus Frequencies, MNFs) 

 1,000  micronucleus 

1 micronucleus  (  15) 

LC50-NaAsO2 in L. calcarifer

0

50

100

-5 5 15 25 35

NaAsO2 (mg/L)

D
e
a
th

24h-LC
50

=16.4224
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 MNFs  NaAsO2 2  24  48 

 SPSS  Univariate  2 

 2 

micronucleus  NaAsO2

 MNFs  NaAsO2  24  48 

 MNFs  Turkey test  NaAsO2  MNFs 

 NaAsO2  2 mg/L 

 micronucleus  (P<0.05) 6.11 

NaAsO2  48  MNFs  NaAsO2

24  2.19  (P<0.05,  4)

 positive control  CdCl2 0.05 mg/L  24  48 

 micronucleus  (P<0.05) 2.47 

CdCl2  48  MNFs  NaAsO2

24  (P<0.05) 1.67  (  4)

 (R
2
)  MNFs  NaAsO2

 R
2

 0.3960  0.9245  NaAsO2  24  48 

 NaAsO2  0.025-2 mg/L 

micronucleus

 NaAsO2  48  (  4)

 NaAsO2

2  24  48  SPSS  Univariate 

 2  NaAsO2

 notched nucleus (notched nucleus frequencies, NNFs), lobed nucleus 

(lobed nucleus frequencies, LNFs), blebed nucleus (blebed nucleus frequencies, BNFs) 

nucleus abnormalities (nucleus abnormalities frequencies, NAFs)  2 

 NaAsO2  Turkey test 

NaAsO2  LNFs  48  24  5.04 

(P<0.05,  5) 
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 4  Micronucleus (MNFs)  (L. calcarifer)

 NaAsO2  0, 0.25, 0.5, 1, 2 mg/L  24  48 

(N=20)

( )

Micronucleus

Frequencies

/1,000 cells  (mean±SE) 

NaAsO2

(mg/L)

24h 48h 24h 48h 

0 20 20 0.00±0.00 0.35±0.14 0.17±0.20a

0.25 20 19 0.70±0.30 0.88±0.28 0.79±0.20ab

0.5 20 19 0.40±0.12 0.84±0.23 0.62±0.20ab

1 20 20 0.48±0.17 1.22±0.35 0.80±0.20ab

2 19 19 0.67±0.14 1.42±0.63 1.04±0.20b

 99 97 0.43±0.13
a
 0.94±0.13

b

R
2
   0.3960 0.9245  

CdCl2 0.05 mg/L 19 20 0.39±0.10
a*

 0.65±0.11
b*

mean±SE  MNFs  1 

a-d
 24  48

 95% (P<0.05)

a-d

 95% (P<0.05)

*
 CdCl2  95% (P<0.05)

R
2

 NaAsO2  micronucles 

  NaAsO2 0.25, 0.5, 1, 2 mg/L  24  48 

 (P<0.05)  positive control  CdCl2    0.05 mg/L 

 24  48  NNFs, LNFs  BNFs 

2.51-2.67, 2.98-6.46  3.44-3.65  (P<0.05)  CdCl2
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 48  NNFs, LNFs  BNFs  NaAsO2

24  1.59, 2.33  4.27  (P<0.05,  5)

 NaAsO2

 NNFs, LNFs  BNFs  24 

48  48  24 

1.19-2.35, 1.70-3.91  1.16-2.73  (P<0.05)  BNFs 

NaAsO2  0.5 mg/L (P>0.05)

 NaAsO2  2 

NNFs, LNFs  BNFs  NaAsO2 0.25, 0.5, 1  2 mg/L 

 1.19-3.64, 1.12-9.75  1.24-7.75  (P<0.05)  LNFs 

BNFs  NaAsO2 0.25 mg/L (P>0.05)  NaAsO2

24  48  NaAsO2

 (R
2
)  NNFs, LNFs  BNFs 

 NaAsO2  R
2

 NaAsO2  NNFs 

0.8771  0.9044  24  48  R
2

 LNFs  0.7937  0.9345  R
2

 BNFs  0.8901  0.8345 

 24  48  (  5)  R
2

 NaAsO2

 24  BNFs > NNFs > LNFs   48  LNFs > NNFs 

> BNFs  binucleus (binucleus frequencies, BiNFs) 

 Kruskal-Wallis test 

 nuclear abnormality  4 

 NaAsO2

 NNFs, LNFs  BNFs 

 24  48  NaAsO2

 DNA  MNFs 
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 15  ( )  ( - )  NaAsO2

0.25, 0.5, 1  2 mg/L  24  ( )  CdCl2

 0.05 mg/L  24  (NC = Normal cell, MN = Micronucleus,          

N = Notched nucleus, L = Lobed nucleus, B = Blebbed nucleus  BN = Binucleated 

nucleus)

10 um

NC

WBC

NC

NC

NC

NC

MN

N

L

L

B
NC

BN
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3.  NaAsO
2

Comet assay

 NaAsO2

 NaAsO2  LC
50

0, 0.25, 0.5, 1  2 mg/L  24 48

 Micronucleus Test  

 Comet assay 

 100  (  16)  DNA 4 

 Tail DNA (%) (TD%),  Tail Length (TL), Tail Moment (TM)  Olive Moment (OM) 

 LUCIA Comet Assay 

 DNA (DNA damage) 

NaAsO2  24  48  (  6, 7, 8  9)  SPSS 

Univariate  2 

 DNA  TD%, TL, TM  OM   2 

 DNA  4 

 NaAsO2  24  48  DNA 

(P>0.05)  NaAsO2

Turkey test  NaAsO2  TD%, TL, TM  OM 

 48  24 

  (P>0.05)     positive control  CdCl2 0.05 mg/L 

 24  48  TD%, TL, TM  OM  

 2.45, 3.82, 1.19  4.46  24  1.95, 2.23, 4.41 

 3.35  48  (P<0.05)

 DNA  CdCl2 2  48 

 TD%, TL, TM  OM   24  TD% 

 1.67   (P<0.05,  6, 7, 8  9) 

 TD%, TL, TM  OM  Turkey test  NaAsO2  0.25, 0.5, 1 

2 mg/L  2  NaAsO2  DNA 

  TL  2.15, 2.49, 3.04  3.19 

NaAsO2 0.25, 0.5, 1  2 mg/L  (P<0.05)  TD%  OM 
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 DNA  NaAsO2 0.5, 1  2 mg/L 

 1.85-2.87, 2.22-3.72  2.02-3.47  (P<0.05)

 TM  DNA 

 NaAsO2 1  2 mg/L  6.03  5.64 

(P<0.05)  DNA  4  TL 

 DNA  TD%  OM 

TM (  6, 7, 8  9) 

 (R
2
)  TD%, TL, TM  OM  

 NaAsO2  R
2

 NaAsO2

 TD%  0.8219  0.3211  24  48 

 R
2

 TL  0.7613  0.5392  R
2

 TM  0.7818 

 0.5986    R
2

 OM  0.7652  0.5330 

 24  48  (  6, 7, 8  9)  R
2

 DNA  NaAsO2

24  TD%> TM> OM> TL   48  TM> TL> OM> TD%  

 DNA  24 

TL  DNA 

NaAsO2  0.25 mg/L  R
2

 0.7613 

 TD%  OM 

 DNA  NaAsO2  0.5 mg/L 

TD%  R
2

 0.8219  OM  R
2

 0.7652

 DNA  48  DNA 

 4  R
2

 0.3211-0.5986 

 DNA 

NaAsO2

 NaAsO2  0.25, 0.5, 1 

 2 mg/L  24  48  DNA 

Comet assay 

 NaAsO2  DNA 

  0.25 mg/L 
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NaAsO2  R
2

 24 

 NaAsO2

 6  Tail DNA (%)  (L. calcarifer)

 NaAsO2  0, 0.25, 0.5, 1  2 mg/L  24  48 

(N=20)

 ( )

Tail DNA (%) 

[TD%]
NaAsO2

(mg/L)

24h 48h 24h 48h 

0 20 20 3.64±0.41 7.63±1.30 5.67±1.01a

0.25 20 19 6.23±0.71 11.07±0.96 8.65±1.02ab

0.5 20 19 6.04±0.72 15.02±0.38 10.53±1.02bc

1 20 20 8.07±0.84 17.12±0.44 12.60±1.01c

2 19 19 9.05±0.89 13.88±0.39 11.46±1.04c

 99 97 6.61±0.66
a
 12.95±0.66

b

R
2
   0.8219 0.3211  

CdCl2 0.05 (mg/L) 19 20 8.91±1.59
a*

 14.86±0.42
b*

mean±SE  Tail DNA (%)  1 

a-d
 24  48

 95% (P<0.05)

a-d

 95% (P<0.05)

*
 CdCl2  95% (P<0.05)

R
2

 NaAsO2  Tail DNA (%) 

 NaAsO2 0.25, 0.5, 1, 2 mg/L  24  48 
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 7  Tail length  (L. calcarifer)

 NaAsO2  0, 0.25, 0.5, 1  2 mg/L  24  48 

(N=20)

 ( )

Tail length ( m)

(TL)
NaAsO2

(mg/L)

24h 48h 24h 48h 

0 20 20 8.98±0.63 19.07±3.01 14.03±3.60a

0.25 20 19 22.91±2.43 37.47±3.84 30.19±3.65b

0.5 20 19 20.15±2.29 49.81±5.24 34.98±3.65bc

1 20 20 34.97±5.06 52.38±7.05 42.68±3.60bc

2 19 19 36.86±4.30 52.64±10.72 44.75±3.70c

 99 97 24.77±2.36
a
 42.28±2.39

b

R
2
   0.7613 0.5392  

CdCl2 0.05 (mg/L) 19 20 34.28±5.44
a*

42.57±7.22
a*

mean±SE  Tail length  1 

a-d
 24  48

 95% (P<0.05)

a-d

 95% (P<0.05)

*
 CdCl2  95% (P<0.05)

R
2

 NaAsO2  Tail length 

 NaAsO2 0.25, 0.5, 1, 2 mg/L  24  48 
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 8  Tail moment  (L. calcarifer)

 NaAsO2  0, 0.25, 0.5, 1  2 mg/L  24  48 

(N=20)

 ( )

Tail moment

(TM)
NaAsO2

(mg/L)

24h 48h 24h 48h 

0 20 20 0.57±0.06 3.04±1.02 1.81±1.47a

0.25 20 19 2.63±0.41 7.36±1.02 4.99±1.49ab

0.5 20 19 2.59±0.52 12.43±2.14 7.51±1.49abc

1 20 20 5.51±1.07 16.31±3.45 10.91±1.47c

2 19 19 5.67±0.93 14.74±4.91 10.20±1.50bc

 99 97 3.39±0.93
a
 10.77±0.94

b

R
2
   0.7818 0.5986  

CdCl2 0.05 (mg/L) 19 20 6.79±1.91
a*

 13.41±3.72
a*

mean±SE  Tail moment  1 

a-d
 24  48

 95% (P<0.05)

a-d

 95% (P<0.05)

*
 CdCl2  95% (P<0.05)

R
2

 NaAsO2  Tail moment 

 NaAsO2 0.25, 0.5, 1, 2 mg/L  24  48 
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 9  Olive moment  (L. calcarifer)

 NaAsO2  0, 0.25, 0.5, 1  2 mg/L  24  48 

(N=20)

 ( )

Olive moment

 (OM) 
NaAsO2

(mg/L)

24h 48h 24h 48h 

0 20 20 1.20±0.09 2.74±0.52 1.97±0.81a

0.25 20 19 2.65±0.34 5.50±0.54 4.08±0.82ab

0.5 20 19 2.66±0.41 8.64±1.27 5.65±0.82bc

1 20 20 4.25±0.64 10.39±1.84 7.32±0.81c

2 19 19 4.37±0.54 9.28±2.68 6.83±0.83bc

 99 97 3.03±0.53
a
 7.31±0.53

b

R
2
   0.7652 0.5330  

CdCl2 0.05 (mg/L) 19 20 5.35±1.23
a*

 9.18±2.16
a*

mean±SE  Olive moment  1 

a-d
 24  48

 95% (P<0.05)

a-d

 95% (P<0.05)

*
 CdCl2  95% (P<0.05)

R
2

 NaAsO2  Olive moment 

 NaAsO2 0.25, 0.5, 1, 2 mg/L  24  48 
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 16   ( )  ( )

NaAsO2 0.25 mg/L  DNA damage  ( )  NaAsO2

2 mg/L  DNA damage  ( )  CdCl2 0.05 mg/L      

 DNA damage  fluorescence 

400

4.  (liver toxicity)  NaAsO
2

 Lipid proxidations (LPO) 

 NaAsO2  0, 0.25, 0.5, 1  2 mg/L      

 24  48 

 Micronucleus Test  

Comet assay  -20 
o
C

 -80 C  NaAsO2

Lipid proxidations  0.5 
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15-20  5  Malondialdehydes (MDA) 

 MDA  MDA  oxidative damage 

NaAsO2

 MDA  NaAsO2 2

24  48  SPSS  Univariate  2 

 2 

 MDA  NaAsO2

Turkey test  NaAsO2  MDA 

 48  24 

(P>0.05)     positive control  CdCl2 0.05 mg/L  MDA 

24  48  (P>0.05,  10)

 NaAsO2   0.25, 0.5, 1  2 mg/L  24  48 

 MDA 

 (P>0.05,  10)  (R
2
)

MDA  NaAsO2  R
2

 -0.5418  0.0538  

NaAsO2  24  48 

NaAsO2  MDA 

 oxidative damage 

NaAsO2  0.25-2 mg/L 
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 10  Malondialdehydes (MDA)  (L. calcarifer)

 NaAsO2  0, 0.25, 0.5, 1  2 mg/L  24  48 

Malondialdehydes ( M)
NaAsO2(mg/L)

24h 48h 

0 37.21±8.71
a

a 45.52±7.11
a

a

0.25 40.98±6.69
a

a 27.34±4.80
a

a

0.5 42.29±6.06
a

a 23.95±3.71
a

a

1 28.60±3.35
a

a 64.21±10.02
a

a

2 29.66±1.70
a

a 39.63±8.63
a

a

CdCl2 0.05 mg/L 40.44±1.98
a*

29.97±4.46
a*

R
2
 -0.5418 0.0538 

 (mean±SE)  0.5  15-20 

a-b
 24  48 

 95% (P<0.05)

a-b

 95% (P<0.05)

*
 CdCl2  95% (P<0.05)

R
2

 NaAsO2

Malondialdehydes  NaAsO2 0.25, 0.5, 1, 2 mg/L  24 

48  24  48 
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  6

 NaAsO2

CdCl2 (Positive control)  24  48  (Acute 

toxicity)  NaAsO2

 Micronucleus test  Comet assay  

 NaAsO2  2  Micronucleus 

test  Comet assay   NaAsO2

1. NaAsO
2

 50 (LC
50

)

 NaAsO2

NaAsO2  0, 1, 2, 4, 8, 16, 32  64 mg/L  24 

NaAsO2  50 (LC50)  24  16.4224 mg/L 

 Kamrin (1997)  NaAsO2  LC50  16.4224 mg/L 

NaAsO2  (slightly toxic) 

NaAsO2  100%  64 mg/L

 NaAsO2  64 mg/L   6 

 NaAsO2

 (Vahidnia, 2008)  NaAsO2

 (  19)  NaAsO2

(Yu, 2006)  Fromm  (1975) 

 epithelial cell 
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 24h-LC50  NaAsO2  7.79±0.09 .

 9.14±0.40  16.4224 mg/L  24h-LC50

NaAsO2  Lima  (1984)  18.9  18.3 mg/L 

 fathead minnows (Pimephales promelas)  flagfish (Jordanella

floridae)  14.77 mg/L  (Oreochromis nloticus Linn.)  3-

5 . ( , 2549)  24h-LC50  NaAsO2  channel 

catfish  49.9 mg/L (Schlenk, 1997)  69.09 mg/L 

(O. mossambicus)  17.67±1.65 cm.  (Liao, 2003)   

 NaAsO2

 NaAsO2

 As2O3  (Kamrin, 

1997)  (Garland, 2007)  

 EPA (1996)  OECD (2007) 

 20  10% 

 7.79±0.09 .

 9.14±0.40 

U.S. EPA, 2002  Static-renewel test 

NaAsO2 (Akter, 2008)  50% 

 24-48  (Mckinney, 1992) 

 NaAsO2

 NaAsO2  calcium arsenate  calcium arsenite 

  ( , 2541)  

 NaAsO2  channel catfish 

(O. mossambicus)  Schlenk, 1997  Liao, 2003 

 ( , 2526)
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2. NaAsO
2

 Micronucleus 

test

 NaAsO2 0.25-2 mg/L  MNFs 

 2 mg/L 

NaAsO2  48  (R
2
)  MNFs  

 NaAsO2  R
2

 0.9245  NaAsO2  24 

 R
2

 0.3243  MNFs  NaAsO2

0.25 mg/L  R
2

 MNFs   NaAsO2  0.5-2 mg/L 

 MNFs  NaAsO2  R
2

 0.9983  

 Siminova  (2001) 

NaAsO2  (AP)-1 DNA-binding 

 nuclear extracts and electrophoresis mobility-shift assay 

 (0.5-10 g/L)

 (10-100 g/L)  NaAsO2  sulfhydryl group 

c-Jun N-terminal kinase (JNK) phosphatase  JNK 

c-fos  c-jun nuclear proteins  AP-1  (Siminova, 2000; Liao, 

2004)  NaAsO2 0.25 mg/L  MNFs 

 NaAsO2  signaling pathways  

transcription factor   Barchowsky  (1999) 

 NaAsO2  endothelial cells 

 NaAsO2  (< 5  M/L)  signaling pathways  

transcription factor NF-kB  DNA  

DNA damage   DNA damage  (Boland, 2001)  MN 

 DNA damage (Fenech, 2008)  NaAsO2

 DNA damage 

 MNFs  0.25 mg/L   Roy  (2002) 

 genotoxic agents 

 (arsenicosis) 
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 micronucleus test  NaAsO2

 2 mg/L 

 MNFs 

 5 mg/L  Na2HAsO4·7H2O  (Danio rerio)

 6.936 mg/L  As2O3  (Channa punctata) (Ramırez, 2005  Kamlesh, 2009) 

 micronucleus test

 micronucleus 

 NT, LB  BN 

NaAsO2 0.25 mg/L  24  NaAsO2  48 

 0.5 mg/L 

 NaAsO2

NT>LB>BL>BN  NT (notched nucleus) 

(Oreochromis niloticus)  3, 6  9 

 NT>LB>BN>BL  (Cavas, 2003) 

 24, 48, 72  96 

 NT>LB>BN>BL  (O. niloticus) (Poronotus triacanthus)

 (Punticus altus)  (Jiraungkoorskul, 2007)  

 3, 6  9 

 NT>LB>BL>BN  (Cavas  Ergene-Gozukara, 2005)

 NaAsO2 0.25  0.5 mg/L 

 24  48

NaAsO2  Shimizu 

 (1998) 
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 lobed  bleb nuclei 

 DNA 

 actin tubules  mitotic spindle   (Yih,1997)  

DNA  DNA repair enzyme  DNA 

 (Abernathy, 1999)   MN 

 DNA  DNA 

 DNA 

 MN 

 (Al-Sabti, 1995; Ayllon, 2000; Fenech, 2000; 2006)  micronucleus 

test  NaAsO2

 NAFs  MN 

NAFs  R
2

 NaAsO2

 0.25 mg/L 

3.  NaAsO
2

Comet assay

 DNA  NaAsO2

 0.25-2 mg/L  24  48  24 

 DNA  TL 

 DNA damage 

 0.25 mg/L  R
2

 0.7613  0.5392

24  48  NaAsO2  0.25 mg/L 

 DNA damage  TD%  OM 

 DNA damage  0.5 mg/L 

 R
2

 TD%  0.8219  OM 

0.7652  DNA damage  comet assay  TL 
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 0.25 mg/L  ( , 2549) 

 DNA damage  comet assay 

 TL  (Akram, 2009; Zilli, 2003)  Jeong (2007) 

 TL  DNA 

damage  hepatocellular carcinoma (PLHC-1 Cell lines) Poeciliopsis

lucida  DNA damage 

 NaAsO2  48  R
2

 0.3211-0.5986 

 DNA 

NaAsO2  NaAsO2  DNA damage 

 comet assay  

 RTG-2  rainbow trout gonad-2    NaAsO2   Na2HAsO4.7H2O

0.1 mg/L  PLHC-1 Cell lines  As2O3  As2O5 1, 5  10 M (0.1-1 mg/L) 

 DNA damage (Raisuddin, 2004  Jeong, 2007) 

DNA damage

 DNA repair enzyme  DNA 

 DNA damage 

 MPO, CAT  p53  (Abernathy, 1999; Ahsan, 2003; Chai, 2007)  DNA 

 DNA  DNA 

 DNA 

 comet assay 

 NaAsO2  DNA 

 NaAsO2  TL 

 NaAsO2  0.25 mg/L  2 

 NaAsO2

 0.25 mg/L

 Comet assay 

 DNA damage (Frenzilli, 2009)  Comet assay        
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 (Frenzilli,2004; Russo,2004) 

DNA damage  NaAsO2

 (Jeong, 2003)

 comet assay  micronucleus test               

 DNA damage  NaAsO2

0.25-2 mg/L  comet assay  micronucleus test 8  TL 

 DNA damage 

0.25 mg/L  micronucleus test  2 mg/L 

 comet assay  micronucleus test 2 

 N-methyl-N-nitro-N-nitrosoguanidine  rainbow trout 

(Oncorhynchus mykiss)  glyphosate 5 ppm Carassius auratus (Kim, 2006 

 Cavas, 2007)  comet assay  DNA damage 

 single strand  double strand DNA (Tice, 2000)  micronucleus 

 double strand DNA (Trosic, 2002)  DNA damage  single 

strand  comet assay 

micronucleus test 

4.  (liver toxicity)  NaAsO
2

 Lipid peroxidations

lipid peroxidations  (cell injury) 

 (unsaturated lipid)  lipid 

peroxidations  thiobarbituric acid reactive substances (TBARs)  malondialdehyde 

(MDA)  lipid peroxidations 

 (Halliwell, 1993) 
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 MDA 

 MDA  NaAsO2 1-2 mg/L 

24  NaAsO2 0.25-0.5  2  mg/L  48 

 MDA  CdCl2 0.05 mg/L  48 

 (R
2
)  MDA 

 NaAsO2  0.0538  positive control  CdCl2

0.05 mg/L  MDA 

24  CdCl2 24  48 

 MDA  58  128 M/g

 (Sparus aurata)  0.018-0.022 M/g 

(Varo, 2007)       (L. calcarifer) 4-20 M/g (Buaneow, 2008) 

(Dicentrarchus labrax) 0.0025-0.0030 M/mg protein  (Maria, 2008)  Rainbow Trout 

8-16 M/mg (Yildiz, 2006)  NaAsO2

 lipid peroxidations 

NaAsO2  0.25-2 mg/L 

 Schlenk  (1997)  channel catfish 

300-400 g  NaAsO
2
, Na2HAsO4•7H2O  Herbicide Monosodium Methyl Arsonate 

(MSMA)  0.01, 0.1  1 mg/L  7  oxidative stress 

 MDA  glutathione 

 As2O3  MDA 

 (Tilapia mossambica)  As2O3 0.1  0.05 mg/L 15  30 

 MDA  5.54±0.09  5.89±1.01 M/mg protein 

superoxide dismutase (SOD)  catalase  (Soundararajan, 2009) 

 (Clarias batrachus)  As2O3  4.2  8.4 mg/L 

 10  (Bhattacharya, 2007) 

 lipid 

peroxidation

 MDA  NaAsO2

 3 



     80

80

 glutathione, GPX, SOD , catalase 

glutathione reductase (Allen, 2003; Lima, 2009)  

 NaAsO2

NaAsO2 2 mg/L  lipid 

peroxidation

 NaAsO2

 (Kazi , 2009)

 (Ahsan, 2003) 

reduction  oxdations  reactive oxygen species (ROS) 

DNA damage  lipid peroxidations  protein peroxidation  Yamanaka 

 1990  dimethylarsenic peroxyl 

methylated arsenic 

 sister chromatid   (Nordenson, 1981)  NaAsO2

 DNA  DNA methylation state  DNA 

 ROS  p53  telomerase 

  signal transduction pathways  transcription factors 

 (Wang, 2001)

 NaAsO2

 NaAsO2  0.25 mg/L  DNA damage 

 comet assay  TL  micronucleus test 8 

 NaAsO2 0.25-2.00 mg/L  sublethal dose  

 MDA 

 comet assay  micronucleus test   DNA 

damage  NaAsO2

2
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(Seoane, 2001; Pandey, 2006; Al-sabhi, 1995; Frenzilli, 2009)  

 (0.25 mg/L) 
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AC    = Arsenocholine  

ALT   = Alanine aminotransferase  

ARA    =  Arabinoside 

AsB   = Arsenobetaine  

AST    = Aspartate amino transferase   

As2O3   = Arsenic trioxide  

B    =  Blebbed nucleus  

BiNFs    = Binucleus frequencies  

BL   = Blebbed nucleus   

BN    =  Binucleated nucleus 

BNFs   = Blebed nucleus frequencies  

BNMN    = binucleated micronucleated cells  

C4H11NO3  = Tris Base 

C10H14N2O8Na2 2H2O = EDTA disodiumsalt dihydrate  

C5H11AsO2 = Arsenobetaine

CHO-K1  = Chinese hamster ovary-K1 cells   

(C6H5)4AsCl.H2O  = Tetraphenylarsonium chloride hydrate 

CdCl2   = Cadmium chloride 

 CdSO4   = Cadmium sulfate  

 (CH3)4AsI   = Etramethylarsonium iodide 

 (CH3)3As
+
CH2COO  = Arsenobetain  

DBTC    = Dibutyltin-chloride  

DMSO   = Dimethyl sulfoxide  

DPX   = DePeX mounting medium  

DSB    =  Double strand break 

DSG-10   = Digital Specific Gravity/Salinity-Meter  

EDXRF   = Excited Energy Dispersive X-ray Fluorescence Method  

EtBr    = Ethidium bromide  
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 ( )

    

G6PDH   = Glucose-6-phospahte dehydrogenase  

GCL   = Glutamate cysteine ligase  

GPx    = Glutathione peroxidase  

GR    = Glutathione reductase  

GSH    = Glutathione  

HCl    = Hydrochloride acid fuming 37%  

HPLC                               = Anion and cation exchange high performance liquid    

chromatograph

ICPMS   =  Inductively coupled plasma mass spectromrtry

KCl    = Potassium chloride  

KH2PO4   = Potassium dihydrogen phosphate  

L    = Lobed nucleus 

LB   = Lobed nucleus 

LC50   = Letal Concentrations 

LMP Agarose   = Low melting point Agarose 

LNFs    = Lobed nucleus frequencies  

LPO    = Lipid peroxidations 

MAs   = Monomethylarsonic acid 

MBTC    = Monobutyltin-chloride  

MDA    = Malondialdehyde  

mg/L   = Milligram/kilogram 

mg/g ww   =  milligram per gram wet by weight 

mg/L   = Milligram/litre 

MN   = Micronucleus 

MNFs   = Micronucleus frequencies 

MNNG   = N-methyl-N0-nitro-N-nitrosoguanidine  

N    =  Notched nucleus 

NaAsF6   = Sodium hexafluoroarsenate  
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 ( )

    

NaAsO2   = Sodium arsenite, Sodium metaarsenite  

NaCl    = Sodium chloride  

NAFs    = Nucleus abnormalities frequencies 

NaOH    = Sodium Hydroxide  

Na2HAsO4.7H2O  = Sodium hydrogenarsenate heptahydrate  

Na2HPO4 = Sodium Hydrogen orthophosphate

NC   =  Normal cell 

NMA   = Normal melting point agarose 

NNFs    = Notched nucleus frequencies  

OM   = Olive Moment 

PBS   = Phosphate buffer saline 

ppb   = Part per billion 

ppm   = Part per million 

ROS   = Reactive oxygen species  

RTG-2 cells  = Rainbow trout gonad-2 cells 

SCEs   = Sister chromatid exchanges 

SCGE   = Single Cell Gel Electrophoresis 

SOD   = Superoxide dismutase  

SSB    =  Single strand break 

TBARs    = Thiobarbituric acid reactive substances  

TBTC   = Tributyltin-chloride  

TD%   = Tail DNA (%)  

TL   = Tail Length 

TM   = Tail Moment 

g   = Microgram 

g/g   = Microgram/gram 

g/L   = Microgram/litre 

M   = Micromolar 
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1.  comet 

  1.1 PBS (Phosphate Buffer Saline) 

 - NaCl     137  mM 

 - KCl     2.7  mM 

 - KH2PO4    1.8  mM 

 - Na2HPO4    10  mM 

 800 ml. (  autoclave  121 
0
C

 15  15 )  pH = 7.4  NaOH 

 1,000 ml.  4 C

    1.2 Lysis solution  

 - NaCl      2.5  M 

 - EDTA     100  mM 

 - Tris     10  mM 

 - Triton x-100    1% 

 - DMSO    10%    

 pH = 10  10 M NaOH 

 1,000 ml.  4 C

Triton x-100  1 ml.  DMSO 10 ml.  Lysing solution 89 ml. 

     1.3 Neutralization 

 - Tris     400  mM 

 -       1  L 

 pH = 7.5  4 C

 1.4 Alkaline buffer (fresh daily)

 - NaOH     10  N 

 - EDTA     200  mM 



     100

100

 Alkaline buffer  10 N NAOH  30 ml.  200 mM EDTA 

 5 ml.  4 C  pH  13 

1,000 ml. 

     1.5. 0.8% Normal melting agarose (NMA) 

 - Normal melting agarose   0.8  g 

 - PBS      100  ml 

 3 

     1.6. 0.5% Low melting agarose (LMA) 

 - Low melting agarose    0.5  g

 - PBS      100  ml

 2 

     1.7. Ethidium Bromide (10X) 

 - Ethidium Bromide    10  mg 

 50 ml. 

 (1X)  stock (10X)  1 ml.  10 ml. 

2.  Lipid peroxidation 

2.1 10% Trichloroacetic (TCA)

 - Trichloroacetic    10  g 

 - Deionize distilled water   100  ml 

 4 C

2.2 50mM Butylated hydroxytoluene (BHT) 

 - Di-tert-butyl-4-methyphenol 1.10 g. 

 - Deionize distilled water   100  ml 

 100 
O
C
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2.3 0.67% Thiobarbituric acid (TBA) 

 - Thiobarbituric acid   0.67 g 

-  Deionize distilled water  100  ml. 

 100 
O
C

2.4 Malondialdehyde stock 20 mM 

 - Malondialdehyde 98.3%  73.5  l

 - PBS     50 ml 

 4 C

3.  Sodium arsenite (NaAsO
2
)

 11  NaAsO2

Molecular formula NaAsO2

IUPAC name sodium arsenite 

Molar mass 129.91017 g/mol 

 Na = 22.99 g/mol 

As= 74.92 g/mol 

O = 16 g/mol 

NaAsO2 = 22.99+74.92+32= 129.91 g/mol 

 2 mg/L  40 L  2 
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 12  NaAsO2

NaAsO2 (mg/L) NaAsO2 (mM) NaAsO2 ( M)

0.25 1.92 x 10
-3
 1.92 

0.5 3.85 x 10
-3
 3.85 

1 7.70 x 10
-3
 7.70 

2 1.54 x 10
-2
 15.4 

 17  NaAsO2

4.  CdCl
2
 (Positive control)

 13  CdCl2 5/2H2O

Molecular formula CdCl2 5/2H2O

IUPAC name Cadmium chloride 

Molar mass 228.3164 g/mole 

 Cd = 112.411 g/mol 

Cl = 35.4527 g/mol 

H = 1   g/mol 

O = 16 g/mol 

CdCl2 5/2H2O = 112.411 + 2 (35.4527) + 2.5 (18) g/mole 

          = 228.3164 g/mole 

NaAsO
2
 0.16 g

/  80L.

 40L. 40L.
 20L. 

 20L.

Control  0.25mg/L      0.5mg/L              1mg/L 2mg/L
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 18  CdCl2

 CdCl2 5/2H2O  0.002 g  40 L.  CdCl2

0.05 mg/L 

 19  NaAsO2

Control                      CdCl
2
 0.05 mg/L 

CdCl2  0.002 g 

/  40L. 

 40L.  40L.
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 comet assay  LUCIA 

1.  LUCIA Comet Assay -

2.  LUCIA Comet Assay 

         

3.  Image  measurement 

Folder

 Folder  Folder 

 Folder  (  2mg_1 

 NaAsO2  2 mg/L 1 )
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4.  click mouse  (

)

 Set up > thresholding  dialog box 

 Enter  

5.  Enter  histogram 

  Measurement > Show(Hide) Feature Window  dialog box 

 comet 

6.  comet assay  Enter  keyboard 

 dialog box  Enter 

 Data > Show (Hide) data  dialog box 

 Folder 
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7.  100 /  1  dialog box 

 Excel  Data > Send to Excel 

8.  Excel 

Microsoft excel

9.  ( )  dialog 

box  OK 

10.
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 SPSS 

NaAsO2(mg/L) 24h 48h

Control   

0.25   

0.5   

1   

2   

   

             

Nonparametric       

                      

 Post hoc 

 3  5  3  5 



     108

108

 SPSS

 2 

2  SPSS  Univariate  Tukey’s test 

 SPSS 

 Tukey’s test  n  n 

1

1.1  SPSS

1.2  Split file  Data > Split File 

 dialog box  Organize output by group> Group Base on: Concen> OK 

1.3  Analyze > Nonparametric test  >  1-Sample 

K-S  Test Variable List  OK 



     109

109

1.4  Out put  Asymptotic Significance (2-tailed) 

H0 : 

H1 : 

1.5  24  Asymptotic 

Significance (2-tailed)  0.01  (P<0.01)

1.6  48 

2

2.1  SPSS yi-yj

2.2 Split file  Data > Split file > Organize 

output by group> Group Base on: Concen >  OK 

2.3  Analyze > Nonparametric test > 1-Sample K-S 

 Test Variable List  OK 
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2.4  Out put  Asymptotic Significance (2-tailed) 

 0.01  H0  (P<0.01)

H0 : 

H1 : 

2.5

48

3.  (

)

3.1

 2 

SPSS  Analyze > General Linear Modal > Univariate  Dependent Variable 

 Fixed Factor 

 OK 

3.2  Out put  p-value  0.05 

 H0  Post hoc 

 Tukey 

H0  : 

H1  : 

3.3  Post hoc  Post Hoc Tests for: 

 Tukey >Continue> OK
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3.4  Out put 

H0 : 

H1 : 

3.5  Analyze > Compare Means > One way 

anova  Dependent List  Factor 

 Turkey test  Post hoc  Out put 

 p-value  0.05  H0

H0 : 

H1 : 

3.6

4.  (

)

4.1

 2 

SPSS  Analyze > General Linear Modal > Univariate  Dependent Variable 

 Fixed Factor 

 OK 
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4.2  Out put  p-value  0.05 

 H0  1 MN, Notch, Lobe, Bleb 

NAFs  SPSS 

4.3

H0 : 

H1 : 

 Tukey

                 * 

yi - yj  > q  ( k, N-K)  MSE/n    

      * 

yi - yj  > q  ( k, N-K)    MSE( 1 –1 ) 

2

4.4

H0 : 

H1 : 

4.5

5.

5.1  Spilt file  Group Based on:  Time 

 OK  Analyze > Nonparametric Tests > K-Independent 

Sample  Test Variable List 

ni  nj
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5.2  Grouping Variable  ( )

 Define Range  Minimum  Maximum  > 

Continue > OK 

5.3  Out put  p-value 

0.05  H0

H0 : 

H1 :  1 

5.4

6.  Positive control 

6.1

SPSS  Analyze > Compare Means > One way anova  Dependent List 

 Factor  Turkey test 

Post hoc 

6.2  Out put  p-value  < 0.05

 H0  1 MN, Notch, Lobe, Bleb  NAFs

H0 : 

H1 : 
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 6.3  6.2   Out put 

p-value < 0.05  H0  1 MN, Notch, 

Lobe, Bleb  NAFs

H0 : 

H1 : 

6.4
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 14

(L. calcarifer)  NaAsO2  0, 0.25, 0.5, 1, 2 mg/L 

24  48  (N=20) 

Frequency/1,000 cells 

( )
Binucleus

Nucleus abnormalities 

frequencies

NaAsO
2

(mg/L)

24h 48h 24h 48h 24h 48h 

0 20 20 0.03±0.03
a

a
 0.00±0.00

 a

 a
 22.03±3.48

a

a
 49.30±6.62

b

a

0.25 20 19 0.02±0.02
 a

 a
 0.00±0.00

 a

 a
 39.65±6.83

a

b
 56.21±6.76

b

b

0.5 20 19 0.02±0.02
 a

 a
 0.07±0.04

 a

 a
 50.60±5.54

a

c
 83.86±9.19

b

c

1 20 20 0.05±0.05
 a

 a
 0.05±0.04

 a

 a
 53.88±8.70

a

d
 145.87±16.10

c

d

2 19 19 0.02±0.02
 a

 a
 0.03±0.02

 a

 a
 102.23±8.80

a

e
 153.90±17.96

b

e

R
2
   0.0002 0.3916 0.8554 0.9194 

CdCl
2
 0.05 mg/L 19 20 0.05±0.04

 a
 0.00±0.00

 a
 70.96±7.12

a*
 134.62±20.67

b*

mean±SE  Binucleus Nucleus abnormalities frequencies

 1 

a-d
 24 

 95% (P<0.05)

a-d

 95% (P<0.05)

*
 CdCl2  95% (P<0.05)

R
2

 NaAsO2  Binucleus 

Nucleus abnormalities frequencies  NaAsO2 0.25, 0.5, 1 

  2 mg/L  24  48 
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Lipid peroxidation 

 20  malondialdehyde 
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