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Özet: Clarias batrachus (Linnaeus, 1758) karaciğerinde AChE inhibisyonunun in vivo kinetik analizi. Karaciğerdeki AChE 
dağılımından dolayı, nörotoksik pestisit karbaril ile zıt bir etkileşim gözlenmektedir. Bu çalışma, karbaril’in karaciğer AChE 
üzerindeki toksik etkilerini değerlendirmek amacıyla gerçekleştirilmiştir. Çalışmada, balıklar 96 saat boyunca karbarilin subletal 
konsantrasyonuna maruz bırakılmış ve karaciğerdeki AChE enzim kinetiği üzerindeki etkileri araştırılmıştır. Subletal konsantrasyon 
0.04 ppm olarak, karbarilin LC50 değeri bazında (0.137 ppm, Ramana Rao vd., 1991) alınmıştır. Karaciğer çıkartılmış ve 
asetilkolinesteraz enzim kinetiği kontrol ve deney gruplarında gözlenmiştir. AChE için Km, 1.46x10-3 M olarak tespit edilmiştir. 
Karbaril uygulamasından sonra Km artarak 2.0 x 10-3 M değerine yükselmiştir. Karbaril uygulanmış ve kontrol karaciğeri için Vmax 
0.9A /mg protein/30 min değerinde sabit kalmıştır. Kontrol ve karbamat uygulanmış balık dokularındaki AChE kinematik çalışması, 
karbaril inhibisyonunun rekabetçi doğasını göstermiştir.. 
 
Anahtar Kelimeler: Karbaril, kinetik, AChE, balık 
 
Abstract: Because of the distribution of AChE in liver it is affected adversely by the neurotoxic pesticide carbaryl. To evaluate the 
toxic effects of carbaryl on liver AChE , the work is carried out. In the present investigation, the fishes were intoxicated with 
sublethal concentration of carbaryl for 96 hours period and its effects were studied on AChE enzyme kinetics in liver. Fishes were 
exposed to carbaryl for 96 hours period. The sublethal concentration was taken as 0.04 ppm on the basis of LC50 of carbaryl i.e. 
0.137 ppm (Ramana Rao et al 1991). The liver was removed and acetylcholinesterase enzyme kinetics was observed in control and 
experimental groups. The Km for AChE in control liver was observed as 1.46x 10-3 M. After the carbaryl treatment the Km was 
increased and became 2.0 x 10-3 M. The Vmax for carbaryl treated and control liver was constant at 0.9A /mg protein/30 min. Kinetic 
study of AChE in control and carbamate exposed fish tissues show competitive nature of inhibition by carbaryl. 
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Introductıon 
 
The frequent uses of pesticides in agriculture practices as well 
as pest control pollute the soil, hydrosoil and water bodies 
thus reaching the aquatic ecosystem get enriched in the 
aquatic food chain organisms like fishes. The pharmacological 
action of carbamate pesticides is described to an inhibition of 
acetylcholinesterase enzyme activity in fishes in acute lethal 
and sublethal concentrations. Liver is one of the major tissue 
in fish body which work as a necessary digestive gland and is 
the main site for important metabolic reactions. Because of 
the distribution of AChE in liver it is affected adversely by the 
neurotoxicant carbaryl. To evaluate the toxic effects of 
carbaryl on liver AChE, the work is carried out. In the present 
investigation, the fishes were intoxicated with sublethal 
concentration of carbaryl for 96 hours period and its effects 
were studied on AChE enzyme kinetics in liver. 
 
Materials and Methods 
 
Fish, Clarias batrachus of 10-12 cm in length were collected 
from fish farm Bhel Lake Bhopal. They were acclimatized in 

glass aquaria for one week and were regularly fed with a 
mixture of rice bran and groundnut oil cake in a equal 
proportion. The toxicant used is carbaryl manufactured by 
Poulenc Agrochemicals Bombay, India Ltd. 

Fishes were exposed to carbaryl for 96 hours period. 
The sublethal concentration was taken as 0.04 ppm on the 
basis of LC50 of carbaryl i.e. 0.137 ppm (Ramana Rao et al., 
1991). The liver was removed and acetylcholinesterase 
enzyme kinetics was observed in control and experimental 
groups. The tissue homogenate preparation, enzyme kinetics 
and kinetic constants were determined as described by 
Parveen and Kumar (2002). 

 
Results 
 
Fishes after carbaryl treatment showed behavioral changes in 
the form of lethargic behavior and most of the time were sitting 
at upper corner of glass aquarium. Black and dark brown 
spots were also observed on the skin, indicating poisonous 
effect of carbaryl on integument. The Km for AChE in control 
liver was observed as 1.46x10-3 M. After the carbaryl 
treatment the Km was increased and became 2.0x10-3 M. The 
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Vmax for carbaryl treated and control liver was constant at 
0.9A/mg protein/30 min. 
 

 
 

Figure 1. Effect of carbaryl toxicity on AChE kinetics showing Km and Vmax 
values for control and carbaryl intoxicated fishes. Clarias batrachus. 

 
Discussion 
 
Kinetic study of AChE in control and carbamate exposed fish 
tissues show competitive nature of inhibition by carbaryl. 
Toxicity of another carbamate pesticide dieldrin caused higher 
residues in liver than tissues of Clarias batrachus (Lamai 
2003). Physostigmine analogs inhibit the AChE enzyme, 
where second order rate constant K (on) of the enzyme inhibitor 
complex correlates with the conformational positioning of 
aromatic residues especially Trp 84, in the transition state 
complex (Gavuzzo and Pomponi, 2002). The AChE enzyme 
inhibited by the eseroline and eserine indicated that kinetic 
rates for association and dissociation of eseroline with electric 
eel AChE were two grades of magnitude higher than those of 
eserine.(Golicnik and Stojan, 2003 ).Kinetic parameters 
observed between interspccies IC50 differences indicated that 
carps were more sensitive to eserine than human (Jeantly et 
al., 2002). Kinetics of AChE inhibition in fish tissues by other 
than carbamates showed that tarcine and huprinexbind more 
tightly to Torpedo fish than to human AChE (Dvir et al., 2002). 

Most of the 17 coumarin and 2 chromone derivatives inhibit 
AChE noncompetitively (Bruhlman et al., 2001). Whereas, 
TPPs (White and Harmon, 2002) and profenofos 
(Venkateswara Rao et al., 2003) inhibit fish AChE 
competitively. The kinetic mechanism of carbaryl induced 
AChE inhibition gives the evidences that this action is 
competitive as evaluated from kinetic constants. 
 
References 
 
Bruhlmann, C., F. Ooms, P. A. Carrupt, B. Testa, M. Catto, F. Leonetti, C. 

Altomare, A. Carotti, 2001.Coumarins derivatives as dual inhibitors of 
acetylcholinesterase and monoamine oxidase. J.Med. Chem.44 (19): 
3195-8. 

Dvir, H., D. M. Wong, M. Harel, X. Barril, M. Ozozco, F. J. Luque, Munoz- D. 
Torreto, P. Camps, T. L. Rosenberry, I. Silman, J. L. Sussman, 2002. 3D 
structure of torpedo california acetylcholinesterase complexed with 
huprine X at 2.1 A resolution: kinetic and molecular dynamic correlates. 
Biochem. 41(9): 2970-81.  

Gavuzzo, E., M. Pomponi, 2002. Inhibition of acetylcholinesterase by 
physostigmine analogs: conformational mobility of cysteine loop due to 
the steric effect of the alkyl chain. Biochem. Mol. Toxicol. 16(2): 64-9. 

Golicnik, M., J. Stojan, (2002).Multistep analysis as a tool for kinetic 
parameter estimation and mechanism discrimination in the reaction 
between tight-binding fasciculin 2 and electric eel acetylcholinesterase. 
Biochim. Biophys.Acta.1597 (1): 164-72. 

Lamai, S. L., 2002. Effects of dieldrin on growth and accumulation in tissues 
of Clarias gariepinus under laboratory conditions. J. Aqua. Sci. 18(1): 35-
8. 

Parveen, M., S. Kumar, 2002. Kinetic study of AChE inhibition in brain of 
albino rat exposed to acute doses of dichlorvos. Biociencias.10 (1): 3-
10. 

Ramana Rao, K. V., S. Ghouseazam, P. Surendranath, 1991. Inhibition and 
recovery of selected taeget enzyme activities in tissues of penaeid 
prawn, Metapenatus monoceros (Fabricius), exposed to different 
insecticides. Ind. J.Exp. Biol. 29: 489-91. 

Romani, R., C. Antogelli, Baldracchini, F. A. Santis, G. Isani, E. Giovannini, K. 
Rosi, 2003. Increased acetylcholinesterase activities in Sparus auratus 
exposed to sublethal copper concentrations.Chem. Biol. Interact.145 (3): 
321-9. 

Venkataswara Rao, J., D. Shilpanjali, P. Kavitha, S. S. Madhavendra, 2003. 
Toxic effects of pronefros on tissue acetylcholinesterase and gill 
morphology in a euryhaline fish, Oreochromis mossambicus. Arch. 
Toxicol. 77 (4): 227-32. 

White, B. J., H. J.Harmon, (2002). Interaction of monosulfonate tetraphenyl 
porphyrin, a competitive inhibitor, with acetylcholinesterase.Biosens. 
Bioelectron. 17 (6-7): 463-9. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


