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INTRODUCTION

To date there are lot of practices which are responsible for a
great revolution in agriculture like introduction of pesticide to
reduce the harmful effects, caused by different type of pests.
Malathion is a one of insecticide which is widely used and
has been reported to cause harmful effects (Stromborg, 1986,
Espinoza et al., 2002 and Cabello et al., 2003).

Malathion act by inhibition of the enzyme acetyl
cholinesterase, which produces accumulation of
acetylcholine, responsible for the clinical manifestation of
poisoning (Kwong, 2002).

Modern agriculture has become increasingly dependent on
the use of pesticides that are beneficial but they also affect the
structure of soil invertebrate populations. Earthworms
represent a greater fraction of biomass of invertebrates as well
as they play a variety of important role in managing soil
structure and nutrient availability for plants, Sorour and Larink,
2001, Bustos-Obregon and Goicochea, 2002.

Eisenia foetida was chosen for this present study due to its
easy availability as well as it is prescribed as a test organism
for toxicity testing (OECD, 1984; Kula and Larink, 1998).
Eisenia foetida is hermaphrodite and fertilizes its eggs inside a
quitinious cocoons secreted by the clitellum.

The clitellum of Oligocheate worms consists of a band of
glandular epidermal cells located in gonadal region and
extending over a variable number of segments (Stephenson,
1930; Avel, 1959). A variety of functions have been attributed
to these glandular cells. Among these functions which suggest
a diverse ultra structure are:

1. Secretion of the mucous slime tube formed during

oviposition,

2. Secretion of the cocoon or egg capsule, and

3. Secretion of the albuminous content of the cocoon

(Grove and Cowey, 1927, Hamilton and Hess, 1971,

Vena et al., 1969)

The clitellum is a reproductive structural characteristic of the

oligochaetes, which matures as a secondary sexual gland

(Ruppert and Barnes, 1996; Siekierska, 2002). The present

study unfolds the toxic effects of Malathion on clitellum region

of Eisenia foetida, at ultra structural level.

MATERIALS AND METHODS

Experimental model

Earthworm, E .foetida was chosen to evaluate toxicity in present

study because it was hardly easy to handle and it easy

availability. Earthworms were procured from the

vermicompost unit of Rajasthan College of Agriculture,

Udaipur. They were maintained in the laboratory condition,

after 15 days acclimatization they were used for further

conducted experiment. The worms used in the experiment

were of approximately same body weight and body length.

Chemical

The pesticide used in the experiment was Malathion (5%). It

was purchased from the local market’s shop. The LD50 value

of this pesticide for the E. foetida was evaluated by author first

that is 16g/kg of soil and the result of this LD50 supported by

the finding of Omar and Bustos (2004).

Experimental set-up

Present method of the experiment was based on the method
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was used by Yasmin and Souza (2007). Dried soil (from nearby

farmland) was crusted and filtered through a fine mesh sieve.

One kg of fine soil was than poured in each plastic tub and

water was added to moistened the soil and 250 mg dried

powdered (3 week old) cow dung was also added to each

plastic tubs. Cow dung was added to avoid starvation, as

recommended by the International Workshop on Earthworm

Ecotoxicology held in Sheffield in 1991 (IWEE1). 20 mature

earthworms (some age group) were added to each plastic tub.

Each plastic tub was covered with muslin cloth. Thus one

control set and one experimental set were prepared 3

replicated were used for each set.

Treatment of the worm with malathion

Higher sub lethal dose of Malathion (3/4 of LD50 value) was

selected to study the toxicity of Malathion for E. foetida. Thus

in experimental set higher sub lethal lose of Malathion was

added and proper mix throughoughtly in the plastic tub.

Figure 2: Type 2 cell are clearly visible in this micrograph with

secretary bodies. 5000x
T

2
(type 2 cell); SB (secretary bodies)

Figure 1: The microtubules of cell type -1 are shown here almost in

cross section. The microtubules arranged regularly within the granules.

The golgy also clearly seen associated with these cells. 6300x
T

1
 (type 1 cell); G(golgy);  m (mitochondria)

Figure 3: Longitudinal and circular muscles cells are seen in this

micrograph, arranged parallel with each other. 1600x
M (microtubules); C(circular muscle); L(longitudinal muscle)

Figure 4: Type -1 cells are clearly seen in different diameter. 4000x
T

1 
(type 1 cell)

Regular water supply was done to maintained 60% to 70%

Moisture level. After 96 hr of the treatment the worms were

taken from the plastic tub and dissected out for desired part of

the body.

Electron microscopy of clitellum

Dissected clitellum region from both group (control and

experimental) were immersed in Karnovsky fixer (1%

glutaraldehyde and 4% paraformaldehyde in 0.2 M

(cacodylate buffer at pH 7.4). Then washed in 0.2M Cacodylate

buffer (pH 7.4) and post fixed in 1% Osmium tetroxide, similarly

buffered, for 1h following dehydration in an acetone series,

the tissue were embedded in resin. Ultrathin sections were

stained with uranyl acetate followed by lead citrate, examined

and photographed with a Morgagni 268D, Electron

Microscope.

RESULTS

Developed clitellum shows sexual maturity.

Type-1 and type-2 cells are clearly seen (on their visual
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appearance we designated these cells as type-1 and type-2

cells) in Fig. 1 and 2. Longitudinal and circular muscle cells

are also visible, arranged parallel to each other (Fig. 3).

Type-1 cells: - This type of cells consist slender columnar

shape, having a limiting membrane and a diameter of (Fig. 4)

cytoplasm of in these cells bears numerous microtubule-

containing granules. The cell organelles, like Golgy is also

filling the free area of the cell. (Fig. 1).

Type-2 cells: - These cells bear large columnar shape and

contain any secretary bodies that fill the entire inner portion of

these cells. (Fig. 2)

After treatment with malathion

The clitellum region of Eisenia foetida shows some

abnormalities (Fig. 8) after exposure to higher dose of

Malathion. In type-1 cells the microtubules become distorted

and secretary bodies become irregular in shape (Fig. 5).

Figure 5: Degenerated part of micro tubles of cell type-1 and irregular

shaped secretary bodies are indicated by arrows after treatment

with single dose of Malathion. 8000x
T

1
 (type 1 cell); T

2
(type 2 cell);  DM(degenerated microtubules)

Figure 6: Different sizes of vacuoles are clearly visible (showing by

arrows) in this micrographs after treatment with single dose of

Malathion. 4000x

Figure 7: This micrograph showing irregular, deshaped secretary

bodies within cell type -2 and ruptured longitudinal muscle cell

after treatment with single dose of Malathion. 5000x
T

2
(type 2 cell); SB (secretary bodies);  L(longitudinal muscle);

Figure 8: Highly vacuolized portion of clitellum region after

treatment with single dose of Malathion. 2500x
V(vacuolisedregion)

Presence of multivascular bodies indicating high endocytotic

activity clitellar region. (Fig. 8). Disruption of muscle cell also

observed. (Fig. 7)

DISCUSSION

The generalized distribution of chronically non-lethal

environmental polluting agents has demonstrated

multigenerational effects on the biological systems, altering

reproductive, endocrine and immune systems, changes that

can be registered by mean of simple organisms that are living

in the same ecosystem (Lock et al., 2002, Venkateshwara et

al., 2003).

Malathion has an ample use in agriculture houses and

gardens, and has lethal effects on many living systems. A lot of

work has been done to attempted toxicity of Malathion in

living organisms. (Ronald et al., 1983; Wali et al., 1984; Blasiak

et al., 1999)

ULTRA STRUCTURAL CHANGES IN CLITELLUM REGION OF EISENIA FOETIDA
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Malathion is an organophosphorus insecticide, which exert

their toxicity by inhibition of acetyl cholinesterase, enzymes

responsible for the degradation of acetylcholine (Koelle, 1994;

Sidell, 1994).

Eight types of secretary cells are identified by Morris (1985) in

clitellar epithelium of Eisenia foetida, in which type-1 and

type-2 cells have observed to be been affected by Malathion

after exposure, as well as some muscle cells have also identified

to be injured after Malathion exposure. This is confirming by

the finding of Reddy and Rao (2008) because they also observe

same toxic effects at muscle cells as Eisenia foetida.

The present study includes the information about the toxic

effects of malathion on clitellar region of Eisenia foetida. To

date many researchers have found that Malathion affect the

reproduction as well as morphology of the Eisenia foetida.

Malathion also cause skin rupture (Reddy and Rao, 2008)

In Eisenia foetida, no abnormalities were reported in other

cell types of the clitellum region. It can be concluded after this

study that deformities in some cells types of clitellum region of

Eisenia foetida can be due to the toxic effects of Malathion.

REFERENCES

Avel, M. 1959. Classes des Annelides Oligochetes. In Traite de Zoologie

(Ed. P.P. Grasse). 5: 224-270. Masson Cie, Paris.

Blasiak, J., Jaloszynski, P., Trozeciaks, A. and Szyftr, K. 1999. In vitro

studies on the genotoxicity of the organophosphorus insecticide

Malathion and its two analogues. Mutat, Res. 445: 275-283.

Bustos-Obregon, E. and Goicochea, R. 2002. Pesticide soil
contamination mainly affects earthworm male reproductive
parameters. Asian J. Androl. 4: 195-199.

Cabello, G., Galaz, S., Botella L., Calaf, G., Pacheco, M., Stockert,

J., Villanueva, A., Canete, M. and Juarranz, A. 2003. The pesticides

Malathion induces alteration in actin cytoskeleton and in cell adhesion

of cultured breast carcinoma cells. Int. J. Oncol. 23: 697-704.

Espinoza, O., Bustos-Obregon, E. and Suja, J. 2002. Effecto de

parathion sobre los idices le apoptosis en hepatocitos de ratones CF1.

Rev. Chil. Anat. 20: 29-36.

Grove, A. J. and Cowey, L. F. 1927. The relation of the glandular

elements of the clitellum of the branding worm (Eisenia foetida, Sau.)

to the secretion of the cocoon. Q. J Microsc. Sci. 7: 31-46.

Hamilton, M. and Hess, R. T. 1971. Axenic production of oua by

enchytraeus fragmentorus (Bell). Can J. Zool. 49: 1199-1200.

Koelle, G. B. 1994. Pharmacology of Organophosphates. J. Appl.

Toxicol. 14: 105-109.

Kula, H. and Larink, O. 1998. Tests on the earthworms Eisenia foetida

and Aporrectodea caliginora. In “Handbook of soil Invertibrate

Toxicity Tests” (H. Lokke and C.A.M. Van Gestel, Eds.), pp.95-112.

Wiley, New York.

Kwong, T. 2002. Organophosphate pesticides: Biochemistry and

clinical toxicology. Ther. Drug. Monit. 24: 144-149.

Lock, K., De Schamphelaere, K. and Jansseen, C. 2002. The effect of

lindane on terrestrial investibrates. Arch. Environ. Contam. Toxicol.

42: 217-221.

Morris, G. M. 1985. Secretory cells in the clitellar epithelium of

Eisenia foetida (Annelida, Olgochaeta): A histochemical and

ultrastructural study. J. Morphol. 185(1): 89-100.

OECD 1984. Earthworm, acute toxicity tests. In: Organization for
economic Co-operation and Development (Ed) OECD guidelines for
testing of chemicals, Paris.

Omar, E. N. and Bustos, E. O. 2004. Sublethal doses of Malathion
alter male reproductive parameter of Eisenia foetida. J. Morph. 22(4):
297-302.

Reddy, N. C. and Rao, V. 2008. Biological response of earthworm,

Eisenia foetida (savigny) to an organophosphorous pesticide,

profenofos. J. Ecotoxicol. Env. Safety. 71(2): 574-582.

Ronald, K., Albrignt, Barry, W. and Robert, P. W. 1983. Kidney

failure after man sprays Malathion in home. J. of the America Med.

Association. 250(18): Nov.11.

Ruppert, E. and Barnes, R. 1996. Zoologia de investebrados. Mc

Graw Hill Interamericana, Mexico.

Sidell, F. R. 1994. Clinical effects of organophosphorous cholinesterase

inhibitors. J. Appl. Toxicol. 14: 111-113.

Siekierska, E. 2002. The structure of the ovary and oogenesis in

gonadotropin-deprived earthworm, Dendrobaena veneta (Rosa).

Zoological polaniae. 473(4): 37-48.

Stephenson, J. 1930. The oligochaeta Clarendon press, Oxford.

Stromborg, K. 1986. Reproductive toxicity of monocrotophos to bob
white quail. Poultry Sci. 65: 51-57.

Sorour, J. and Larink, I. 2001. Toxic effects of benomyl on the
ultrastructure during spermatogenesis of earthworm Eisenia foetida.
Ecotoxicol. Envion. 50: 180-188.

Vena, J. A., Hess, R. T. and Gotthold, M. L. 1969. Attainment of
sexuality in Enchytraeus fragmentosus, under laboratory conditions.
Experiential. 25: 761-764.

Venkateshwara, J., Sury, Y. and Mahavendra, S. 2003. Toxic effect of
chlorophyrifos on morphology and acetylcholinesterase activity in
the earthworm Eisenia foetida. Ecotoxicol. Environ. Saf. 54: 296-301.

Wali, R. K., Singh, R., Dudeja, P. K., Sarkar, A. K. and Mahmood, A.
1984. Testinal problems in test animals exposed to Malathion. Bulletin
of Environmental Contamination Toxicology. 33: 289-294.

Yasmin, S. and Souza, D. D. 2007. Effect of pestisides on reproductive
output of Eisenia foetida. Bull. Env. Contam. Toxicol. 79: 592-532.

K. BANSIWAL AND N. RAI



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


