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1. Intro duc tion

In south ern Bra zil, the her bi cide based clo maz one (2-(2-chlo-

ro phenyl) methyl-4,4-dimethyl-3-iso xazo lid i none) is exten sively 

used in paddy rice fields to con trol agri cul tural pests (Jons son 

et al., 1998). Although it is highly effec tive, it is toxic to non-tar-

get organ isms, such as fish (Cre stani et al., 2006). This her bi cide 

causes ground wa ter con tam i na tion due to its water sol u bil ity 

(1100 mg L¡1) (Colby et al., 1989). Clo maz one res i dues can last 

for up to 130 d in agri cul tural water and were detected in 90% of 

water sam ples col lected from courses near rice cul ti va tion regions 

(Za nel la et al., 2002).

Many envi ron men tal impacts on fish caused by tox i cants have 

dem on strated the effects of organic pes ti cides on sev eral spe cies. 

Pes ti cides cause changes in phys i o log i cal and met a bolic func-

tions of the fish organ ism such as neu ro trans mis sion and func-

tions of the immu nity sys tem (Gill et al., 1991; Al deg un de et al., 

1999). One of these changes is the deple tion of energy metab o lism, 

because the intox i cated organ isms spend more energy increas ing 

the activ ity of sev eral enzy matic sys tems to mit i gate toxic effects 

(Dethl off et al., 1999). The most com mon indi ca tor of neu ro log i-

cal  dys func tion is cho lin es ter ase (ChE) activ ity, which is fre quently 

used as an indi rect mea sure of ace tyl cho lin es ter ase (AChE; EC 

3.1.1.7) activ ity. AChE is respon si ble for degrad ing the neu ro trans-

mit ter  ace tyl cho line for end cho lin er gic neu ral trans mis sion. Orga-

no phos phate pes ti cides pre vi ously shown to inhibit brain AChE 

activ ity in fish include diaz inon, mal a thion and fol idol  (Beauv ais 

et al., 2000; Brewer et al., 2001; Ag u iar et al., 2004). Sev eral car-

ba mate pes ti cides, includ ing car bo fu ran, diu ron, nic o sul fu ron 

(Bret audt et al., 2000), and thio ben carb have also been shown to 

inhibit brain AChE activ ity (San cho et al., 2000; Fern án dez-Vega 

et al., 2002). Sim i lar results have been observed with other pes ti-

cides such as endo sul fan (Du tta and Ar ends, 2003) and clo maz one 

(Miron et al., 2005; Cre stani et al., 2007). Pes ti cides may induce 

oxi da tive stress, lead ing to the gen er a tion of free rad i cals and caus-

ing lipid per ox i da tion (LPO) (Keh rer, 1993; Sevg il er et al., 2004). 

Fish are able to uptake and retain dif fer ent xeno bi ot ics in water 

via active or pas sive pro cesses. There fore, param e ters mea sured 

in fish may be used to mon i tor the potential of con tam i na tion by 

pes ti cides to envi ron men tal and could be used to inves ti gate bio-

log i cal effects such as enzy matic dis tur bances. The pi av a (Le po ri­

nus ob tu si dens) is a widely cul ti vated native fresh wa ter fish from 

South ern Bra zil with great com mer cial impor tance (Andrian et 

al., 1994; Glusc zak et al., 2006). Thus, this fish was used in order 

to enhance the scarce infor ma tion avail able in the lit er a ture on 
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 clo maz one tox ic ity in native fish spe cies. This study aims to assess 

some param e ters of tox ic ity in pi av a and to find potential tox ic ity 

indi ca tors for clo maz one expo sure.

2. Mate ri als and meth ods

2.1. Chem i cals

The her bi cide clo maz one (2-(2-chlo ro phenyl)methyl-4,4-

dimethyl-3-iso xazo lid i none) used in this study was obtained 

com mer cially from the FMC Cor po ra tion (Ga mit; 36% purity, 

 Phil a del phia, EUA) and dis solved in water. Acet yl thi och o line (ATC), 

5,59dithio-bis(2-nitro ben zoic acid) (DTNB), bovine serum albu min, 

Tri ton X-100, hydro gen per ox ide (H2O2), mal ondi al de hyde (MDA), 

2-thio bar bi tu ric acid (TBA), and sodium dode cyl sul fate (SDS) were 

pur chased from Sigma Chem i cal Co. (St. Louis, MO, USA).

2.2. Fish

Pi av a fin ger lings (L. ob tu si dens) of both sexes were obtained 

from the Santa Maria Fed eral Uni ver sity (UFSM) fish farm (RS, 

 Bra zil). Fish (weight, 8.0 ± 1.0 g; length, 6.0 ± 1.0 cm) were accli-

mated to lab o ra tory con di tions for 15 d, in tanks (250 L). They were 

kept in con tin u ously aer ated water in a static sys tem and with a 

nat u ral pho to pe riod (12 h light–12 h dark). Water param e ters were 

mea sured every day and were as fol low: tem per a ture 23 ± 2.0 °C, 

pH 7.7 ± 0.2 units, dis solved oxy gen 6.5 ± 1.0 mg L¡1, non-ion ized 

ammo nia 0.007 ± 0.01 mg L¡1, nitrite 0.03 ± 0.01 mg L¡1, alka lin-

ity 66 ± 1.3 mg L¡1 CaCO3 and hard ness 20 ± 1.4 mg L¡1 CaCO3. All 

water param e ters were deter mined accord ing to Boyd and Tucker 

(1992). Dur ing the exper i men tal period, fish were fed ad libi tum 

two times a day (8:30 and 17:30 h) with com mer cial fish pel lets 

(42% crude pro tein, Supra, Bra zil). Fecal remains and food res i dues 

were removed by suction every other day.

2.3. Exper i men tal design

Pre vi ous exper i ments car ried out in our lab o ra tory estab lished 

7.32 mg L¡1 (nom i nal con cen tra tion) as the LC50 96 h for clo maz one 

(Miron et al., 2005). The clo maz one con cen tra tion usu ally rec om-

mended in rice fields is of 0.5 to 1.0 mg L¡1 (Ro dri gues and Almeida, 

1998). The con cen tra tion chose (0.5 mg L¡1) was in accor dance with 

the cal cu lated con cen tra tion of clo maz one used in rice fields. After 

the accli ma tion period, groups of 10 fish were trans ferred to glass 

boxes (45 L) with con trolled aer a tion and tem per a ture. Stock solu-

tions were prepared by dis solv ing clo maz one in water. This solu tion 

was added to the exper i men tal boxes. Pia vas 10 fish per box (trip-

li cate) were exposed to 0.0 (con trol) and 0.5 mg L¡1 clo maz one for 

96 h. In a sec ond exper i ment, pia vas (10 fish/box in trip li cate) were 

exposed to 0.0 (con trol) and 0.5 mg L¡1 clo maz one for 192 h and, 

sub se quently, 15 fish were removed and trans ferred to clean water. 

The her bi cide con cen tra tion was mon i tored every 2 d by high-per-

for mance liquid chro ma tog ra phy (HPLC) (Za nel la et al., 2002) to 

ver ify val ues in the exper i men tal boxes. Clo maz one con cen tra tion 

in the water after 48 h was approx i mately 90% of the ini tial con cen-

tra tion (data not shown). The water in the boxes was renewed every 

48 h to main tain the con cen tra tion of clo maz one con stant dur ing 

the period of expo sure. Water qual ity param e ters dur ing the treat-

ment period were the same as those for the accli ma tion period.

2.4. Sam pling

After the exper i men tal period, fish were killed by punch ing the 

spinal cord behind the oper cula and were sam pled. Brain, white 

muscle, eye, heart and liver sam ples were rap idly removed, washed 

in 150 mM saline solu tion, dried with fil ter paper, packed in Tef on 

tubes and kept at ¡4 °C for anal y ses. AChE activ ity, thio bar bi tu-

ric acid reac tive sub stances (TBARS), pro tein car bonyl and cat a lase 

activ ity were mea sured in this study.

2.5. Ace tyl cho lin es ter ase assay

Tis sue sam ples were weighed and homog e nized in a Potter-

El vej hem glass/Tef on homog e nizer with 150 mM NaCl. The 

homog e nates were cen tri fuged for 15 min at 3000g at 5 °C and the 

 super na tant was used as the enzyme source. Ace tyl cho lin es ter ase 

(AChE; EC 3.1.1.7) activ ity was mea sured as described by Ellman et 

al. (1961) and mod i fied by Miron et al. (2005). Ali quots of super na-

tant (50, 50, 100 and 200 lL) (brain, eye, muscle and heart, respec-

tively) were incu bated at 25 °C for 2 min with 0.1 M phos phate 

buffer pH 7.5, 1 mM and DTNB as chro mo gen. After 2 min, the reac-

tion was ini ti ated by the addi tion of acet yl thi och o line (0.08 M) as 

sub strate. The final vol ume was 2.0 mL. Absor bances were deter-

mined at 412 nm dur ing 2 min. Enzyme activ ity was expressed as 

lmol of acet yl thi och o line (AcS Ch) hydro lyzed per min ute per mg 

of pro tein.

2.6. TBARS lev els

Per ox ides pro duced can be quan ti fied by a TBARS assay. This 

is per formed by a mal ondi al de hyde (MDA) reac tion with 2-thio-

bar bi tu ric acid (TBA), which is opti cally mea sured. Liver, muscle 

and brain homog e nates (100–400 lL) were added to 8.1% sodium 

dode cyl sul fate (SDS), 2.5 M ace tic acid (pH 3.4), 0.8% thio bar bi-

tu ric acid and the final vol ume was adjusted to 2.0 mL. The reac-

tion mix ture was placed in a micro cen tri fuge tube and incu bated 

for 90 min at 95 °C. After cool ing, it was cen tri fuged at 5.000g for 

10 min and opti cal den sity was deter mined at 532 nm. TBARS lev-

els are expressed as nmol MDA per mg of pro tein accord ing to 

Ohk a wa et al. (1979).

2.7. Pro tein car bonyl assay

The liver tis sue was homog e nized in 10 vol umes (w v¡1) of 

10 mM Tris–HCl buffer pH 7.4 using a glass homog e nizer. The pro-

tein car bonyl con tent was deter mined by the method described 

by Yan et al. (1995), with some mod i fi ca tions. Briefy, homog e-

nates were diluted to 0.7–0.8 mg mL¡1 of pro tein in each sam ple, 

and 1 mL ali quots were mixed with 0.2 mL of 2,4-di ni tro phe nyl-

hidr azine (10 mM DNPH) or 0.2 mL HCl 2 M. After incu ba tion at 

room tem per a ture for 1 h in a dark room, 0.5 mL of dena tur ing 

buffer (150 mM sodium phos phate buffer, pH 6.8, con tain ing SDS 

3%), 2.0 mL of hep tane (99.5%) and 2.0 mL of eth a nol (99.8%) were 

added sequen tially, mixed with vor tex agi ta tion for 40 s and cen-

tri fuged for 15 min. Next, the pro tein iso lated from the inter face 

was washed two times with 1 mL of ethyl ace tate/eth a nol 1:1 

(v v¡1), and sus pended in 1 mL of dena tur ing buffer. Each DNPH 

sam ple was read at 370 nm in a Femto Scan spec tro pho tom e-

ter against the cor re spond ing sam ple (blank), and total car bon-

yl ation was cal cu lated using a molar extinc tion coef  cient of 

22 000 M¡1 cm¡1.

2.8. Cat a lase assay

Cat a lase (CAT; EC 1.11.1.6) activ ity was assayed by ultra vi o let 

spec tro pho tom e try (Nel son and Kie sow, 1972). Sam ples of liver 

were homog e nized in a Potter-El vej hem glass/Tef on homog e nizer 

with 20 mM potas sium phos phate buffer, pH 7.4 (with 0.1% Tri ton 

X-100 and 150 mM NaCl) (1:20 dilu tion), cen tri fuged at 10 000g 

for 10 min at 4 °C. Briefy, the assay mix ture con sisted of 2.0 mL 

potas sium phos phate buffer (50 mM, pH 7.0), 0.05 mL H2O2 (0.3 M) 

and 0.05 mL homog e nate. Changes in H2O2 absor bance in 60 s were 
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