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Abstract: Freshwater  fish, Channa punctatus was exposed to sublethal concentration of a chloroacetanilide herbicide alachlor technical

grade and lasso 50% EC for a period of 10 days.  The histopathological changes in the gill include: necrosis, vacuolar degeneration, fusion

and atrophy of primary and secondary gill lamellae.  The tissue damages like degeneration of cytoplasm in hepatocytes, atrophy, formation

of vacuoles, rupture in blood vessels and disposition of hepatic cords are the histopathological changes observed in the liver.  The changes

in the kidney include: necrosis, swelling of renal tubules, cellular hypertrophy and granular cytoplasm.
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Introduction

In modern agricultural practices herbicides play an important

role in removing the annual grasses and broad leaved weeds from

various crop-fields. These are more commonly used as pre-

emergence chemicals to control grasses and weeds in many cereal

crops.  Alachlor [2-chloro-N-methoxymethyl-N-(2,6 diethylphenyl)-

acetamide] is one among the new generation herbicides.  It is widely

used in agriculture and is commonly detected in surface water and

ground water (Ramesh and Maheswari, 2004).  Though alachlor has

a relatively low acute toxicity, repeated exposure has been reported

to cause hepatotoxicity,  degeneration and tumour formation in some

animals (Knapp et al., 2003; Osano et al., 2002).

Unfortunately these herbicides do not stay at their place of

application and are transported to other components of the ecosystem.

Incorporation of these toxic chemicals even at low concentrations in

the vital tissues of fishes and birds has been reported to cause serious

morphological alterations (Chakraburthy and Konar, 1974; Mathur et al.,

1981; Vijaya Lakshmi and Tilak, 1996).  Due to low biodegradability,

alachlor persists in the environment and tends to accumulate in tissues

of animals as residues even at sublethal concentration under chronic

exposure (USEPA, 2002a,b).

Although toxicant impairs the metabolic and the physiological

activities of the organism physiological studies alone do not satisfy the

complete understanding of pathological conditions of tissues under

toxic stress.  Hence, it is useful to have an insight into histological

analysis, as they act as biological markers to assess the toxicity condition

(Jayantha Rao et al., 1985; Tilak et al., 2001; Srivastava et al., 2008).

Hence, an attempt is made to study the histopathological changes in

tissues of the fish Channa punctatus when exposed to sublethal

concentrations of a chloroacetanilide herbicide, Alachlor technical grade

and its commercial formulation, lasso 50% EC.

Materials and Methods

Fresh water fish Channa punctatus (Bloch) measuring 6 to 9

cm in length and weighing 6.5 to 7.5 g were collected from local fish

ponds and were allowed to acclimatize to the laboratory conditions for

10 days.  All the necessary precautions for maintaining the fish were

laid down as per the recommendations of APHA  (2005).  The healthy

fish were exposed to sublethal concentrations (1/
5

th of 48 hr LC
50

values) of alachlor technical grade (1.21 mg l-1) and lasso 50% EC

(1.54 mg l-1) for 10 days.

Tissues like gill, liver and kidney were isolated from normal and

experimental fish.  Physiological saline solution (0.58% NaCl) was used

to rinse and clean the tissues. They were fixed in aqueous Bouin’s

solution for 48 hr processed through graded series of alcohols, cleared

in xylene and embedded in paraffin wax.  Gills alone were processed

by double embedding technique.  Sections were cut at 6 µm thickness

with the help of 820-Spencer rotatory microtome, stained with hematoxylin-

eosin (Humason, 1972) and were mounted in canada balsam. The

photographs at 200x magnification were taken with computer aided

microscope (Intel play Qx3, Intel Corporation, made in China).

Results and Discussion

Histopathological changes in gill: The primary gill lamellae are

flat leaf like structures with a central rod like supporting axis and a

row of secondary gill lamellae on each side of it. They are situated

laterally on either side of interbranchial septum. The primary gill

lamellae consist of centrally placed rod like supporting axis with

blood vessels on either side.  The secondary gill lamellae are also

known as respiratory lamellae. The surface is covered with simple

squamous epithelial cells separated by mucous cells. Numerous

blood vessels are extended into each of the secondary gill filaments.

The blood cells of the secondary gill lamellae have a single nucleus

which is flat in appearance.  The region between the two adjacent

secondary gill lamellae is known as interlamellar region (Fig. 1).

Alachlor technical and lasso 50% EC has induced marked

pathological changes in the gills (Fig. 2, 3).  The changes include the

bulging of tip of primary gill filaments with distortion of the shape of

secondary filaments.  A number of cuts were also observed in secondary



Journal of Environmental Biology  �March, 2009�

gill lamellae. The pillar cell nucleus showed necrosis and developed

vacuoles in the secondary gill epithelium.  There is tendency of fusion

of disorganised secondary gill filaments.

A number of pathological changes have been reported in fish

exposed to different pesticides and herbicides.  Exposure of Sockeye

solmon to the butoxyethyl ester of 2, 4-D for 96 hr (1 mg l-1) resulted in

hypertrophy and hyperplasia of the epithelial cells of the gills (Eller, 1971).

Histopathological changes in the gill of Labeo rohita were

reported by Vijaya Lakshmi and Tilak (1996).  The fish were exposed

to organophosphate pesticide monocrotophos. The changes reported

in the gill include epithelial proliferation, congestion of blood vessels

and hyperplasia. Similar changes were also observed by

Kumaraguru et al. (1982), Jayantha Rao et al. (1985),  Sunita Rani

and Due (1999).

Tilak et al. (2005a) reported that chlorpyrifos intoxication in

fish, Catla catla caused dropsy, vascular degeneration, cloudy

swelling, necrosis and other degenerative changes in epithelial and

pillar cells of the gills. Club shaped lamellae are an example of

progressive degeneration in the gills.

Wannee et al. (2002) stated filament cell proliferation, lamellar

cell hyperplasia, lamellar fusion, epithelial lifting and aneurysm in the Nile

tilapia, Oreochromis niloticus under exposure to glyphosate for 96 hr.

Histological damage to gill surfaces in the present study may

be attributed to high accumulations of pesticides in gills, irritation due

to elevated mucus secretion, increased ventilation volume and

decreased gill oxygen uptake efficiency as reported by Bradbury et

al. (1987), Bradbury and Coats (1989).

Histopathological changes in liver: The surface of the liver is covered

with serous membrane and some connective tissue extends inward into

the parenchyma (Fig. 4).  It is composed of parenchymal cells (hepatic

cells) and lattice fibres, which support the former.  Hepatic cells are

roundish polygonal, containing clear spherical nucleus.  They are located

among sinusoids forming cord like structures, known as hepatic cell

cords.  In fish, these structures are generally obscure.  Bile canaliculus,

is centrally located in each cord.  Fairly large quantities of lipid glycogen

granules are present in the cytoplasm of the hepatic cells of fish.

Alachlor technical and lasso 50% EC has induced discrete

pathological changes in the liver tissues of fish Channa punctatus (Fig.

5,6). These changes include degeneration of cytoplasm in hepatocytes,

atrophy, formation of vacuoles, rupture in blood vessels, necrosis and

disappearance of hepatocyte wall and disposition of hepatic cords.

Welling and McCain (1976) and Maline (1980) stated high

frequency of hepatic hypertrophy, hepatic tumors and other liver

diseases of bottom dwelling fishes. These changes were reported to

occur at high frequency in the areas with relatively high concentrations

of sediment bound polynuclear hydrocarbons.

Histopathological changes in kidney: Teleostean kidney consists

of head and body kidneys (Fig. 7). Head kidney is the anterior portion

of the kidney and consists of lymphoid tissue. Body kidney is composed

of many nephrons and intestitial lymphoid tissue. The interstitial tissue

PGL – Primary gill lamella,  SGL – Secondary gill lamella,  PC – Pillar cell,

EC – Erythrocyte,  ILR - Inter lamellar region,  CA – Central axis,

DPGL – Degenerated primary gill lamella,  DGSL – Degenerated secondary

lamella,  MC – Mucus cell, HGL – Hyperplasia in gill lamella

Fig. 1: Gill of control fish. H&E x 200

Fig. 3: Gill of fish exposed to alachlor technical. H&E x 200

Fig. 2: Gill of fish exposed to lasso 50% EC. H&E x 200
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Histopathological changes in Channa punctatus

HC – Hepatic cell,  N – Nucleus,  BC – Bile canaliculus,  LGG – Lipid and

glycogen granules,  DGH – Degenerated hepatic tissue,  FV – Formation

of vacuoles,  ABS – Appearance of blood streaks

Fig. 4: Liver of control fish. H&E x 200

Fig. 6: Liver of fish exposed to alachlor technical. H&E x 200

Fig. 5: Liver of fish exposed to lasso 50% EC. H&E x 200

U – Ureter,  G – Glomerulus,  PCS – Proximal convoluted segment,

DCS – Distal convoluted segment,  FV – Formation of vacuoles,

HDCS – Hypertrophy of distal convoluted segment

Fig. 7:  Kidney of control fish. H&E x 200

Fig. 9: Kidney of fish exposed to alachlor technical . H&E x 200

Fig. 8: Kidney of fish exposed to lasso 50% EC. H&E x 200
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is the major hematopoietic tissue in the body.  Each nephron consists of

two parts, the glomerulus and the urinary tubule. The Bowman’s

capsule consists of an inner and outer layer of single flattened epithelia.

Renal tubules consist of single layer of epithelial cells.  Mesangium fills

the spaces between the loops of glomerular capillaries.

Under sublethal concentration of alachlor technical and lasso

50% EC toxicity, renal tissue of the fish Channa punctatus showed

marked pathological changes (Fig. 8,9). Highly degenerative changes

in haemopoietic tissue which include severe necrosis, cloudy swelling

in renal tubules, cellular hypertrophy and granular cytoplasm were

evident.The epithelial cells of the distal convoluted tubules decreased

in size. The interstitial renal tissue was less affected.  Renal interstitial

tissue showed formation of vacuoles and cellular contours were not

clearly distinguished. The effect of sublethal concentration of ammonia

on kidney showed vacuolization of tubular epithelium, enlargement of

nuclei and the degeneration of the kidney  (Thurston et al., 1984;

Meede and Herman, 1986; Ravindrakumar, 2000).

Wannee et al. (2002) reported kidney lesions consisting of

dialation of Bowman’s space and accumulation of hyaline droplets in

the tubular epithelial cells and gill damage in the fish Oeochromis

niloticus exposed to glyphosate for 96 hr. Kumari and Kumar (1997)

observed mild activity of carbohydrates cytochemically in the

cytoplasm, nuclei and the luminal border of the cells of the brush

border of the proximal and distal tubules in the kidney of the freshwater

teleost, Channa punctatus under exposure to the polluted water of

the Hussain sagar lake.

The pathological changes in the gill, liver and kidney in the

present study are in agreement with reports of Anita Susan and Tilak

(2003), Tilak et al. (2001, 2005b).  The changes are more intense

to alachlor technical grade than to lasso 50% EC, which indicates

that the alachlor technical grade is highly toxic.  Damage to gill tissue

may result in long-term consequences, particularly if the tissue damage

is not repairable.  According to Cladwell (1997), the end result would

be reduced flow of oxygen-enriched water to lamellar tissues and

ultimately a reduction in fish’s performance capacity.

References

Anita, Susan, T. and K.S. Tilak: Histopathological changes in the vital tissues

of the fish Cirrhinus mrigala  exposed to fenvalerate technical grade.

Pollut. Res., 22, 179-184 (2003).

APHA: Standard mMethods for the examination of water and waste water,

21st Edn., Washington DC (2005).

Bra dbury,  S .P.  and  J .R.  Coat s :  C omparat ive  t ox i co log y  of  the

pyrethroid insect icide. Rev i.  Environ. Contam.  Tox icol. ,  108,

133-177 (1989).

Bradbury, S.P., James M. Mekim and R. Joel Loats: Physiological response

of rainbow trout (Salmo gairdueri) to acute fenvalerate intoxication. J.

Pest. Biochem. Physiol., 27, 275-288 (1987).

Chakraburthy, Gouri and S.K. Konar: Chronic effects of sublethal levels

of pesticides in fish. Proc. Nat. Acad. Sci. India, 44B, 241-246

(1974).

Cladwell, C.A.: Aromatic hydrocarbon pathology in fish following a large spill

into the Nemadji river, Wisconsin, USA. Bull. Environ. Contam. Toxicol.,

58, 574-581 (1997).

Eller, L.L.: Gill lesions in freshwater teleosts. In: Pathology of fishes (Eds.:

Riubelin and Migaki Univer. Wis.). pp. 305-330 (1971).

Humason, G.L.:  Animal Tissue Technique  (Ed. Freeman and Co.)

Sanfransisco (1972).

Jayantha Rao, K., Ch. Madhu and K. Rama Murthy: Histopathological and

histochemical changes under phosphomidon intoxication in liver of freshwater

fish Tilapia mossambica. Proc. Bull. Environ. Sci., 3, 20-23 (1985).

Knapp, C.W., D.W. Graham, G. Berardesco, F. deNoyelles, B.J. Cutak and

C.K. Larive: Nutrient level, microbial activity and alachlor transformation

in aerobic aquatic system. Water Res., 37, 4761-4769 (2003).

Kumaraguru, A.K. and F.W.H. Beamish and H.W. Ferguson: Direct and

circulatory paths of permethrin causing histopathological changes in

the gills of rainbow trout. J. Fish. Biol., 29, 87-90 (1982).

Kumari, Anita and Ram Kumar:  Effect of polluted water on histochemical

localization of carbohydrates in a freshwater teleost Channa punctatus

(Bloch) from Hussain Sagar lake, Hyderabad, Andhra Pradesh. Pollut.

Res., 16, 197-200 (1997).

Maline, D.C.: Chemical contaminants and biological abnormalities in Central

and Southern puget sound. NOAA Technical memorandum OMPA/

U.S. Department of Commerce, National Oceanic and Atmospheric

Administration, Boulder Colo. p. 295 (1980).

Mathur, D.S., H.D. Agarwal and P.D. Rana: Histopathological changes in the

liver and intestine of Rana cyanophyticlis (Sehne) induced by aldrin.

J. Environ. Biol., 2, 105-107 (1981).

Meede, J.W. and R.L. Herman: Histopathological changes in cultured lake

trout, Salvelinus nameycush, subjected to cumulative loading in a

water reuse system. Can. J. Fish. Aquat. Sci., 43, 226-23 (1986).

Muthukaruppan, Suman Janardhan and S. Ganesan: Sublethal toxicity of the

herbicide butachlor on the earthworm Perionyx sansibaricus and its

histological changes. Soils Sediments 4, 212 (2001).

Osano, O., W. Admiraal, H.J.C. Klamer, D. Pastor and E.A.J. Bleeker :

Comparat ive toxic and genotoxic effects  of chloroacetanilides,

formamidines and their degradation products on Vibrio fischeri and

Chironomous riparius. Environ. Pollut., 119,195-202 (2002).

Ramesh, A. and S.T. Maheswari: Dissipation of alachlor in cotton plant, soil and

water and its bioaccumulation in fish.  Chemosphere, 54, 647-652 (2004).

Ravindrakumar: Chronic ammonia induced histopathological changes in

Indian subtropical freshwater murrel, Channa punctatus (Bloch). Pollut.

Res., 19, 611-613 (2000).

Srivastava, Rajesh K., Kamlesh K. Yadav and Sunil P. Trivedi: Devicyprin

induced gonadal impairment in a freshwater food fish, Channa punctatus

(Bloch). J. Environ. Biol., 29, 187-191 (2008).

Sunita, Rani and K.K. Due: Cypermethrin toxicity induced histopathological

and biochemical changes in the liver of albino rats (Rattus norvegicus).

J. Ecotoxicol. Environ. Monit., 9, 41-46 (1999).

Thurston, R.V.,  R.C. Russo, R.J. Luedtke, C.E. Smith, E.L. Meyn, C.

Chakoumakos, K.C. Wang and C.J.D. Brown: Chronic toxicity of

ammonia to rainbow trout. Trans. Am. Fish. Soc., 113, 56-73 (1984).

Tilak, K.S., D. Koteswara Rao and K. Veeraiah : Effects of chloropyrifos on

histopathology of the fish Catla catla. J. Ecotoxicol. Environ. Monit.,

15, 127-140 (2005a).

Tilak, K.S., K. Veeraiah and D. Koteswara Rao: Histopathological changes in

the gill, liver, brain and kidney of the Indian major carp Cirrhinus mrigala

(Hamilton) exposed to chloropyrifos. Pollut. Res., 24, 101-111 (2005b).

Tilak, K.S., K. Veeraiah and K. Yacobu : Studies on histopathological changes in the

gill, liver and kidney of Ctenopharyngodon idellus (Valenciennes) exposed

to technical fenvalerate and EC 20%. Pollut. Res., 20, 387-393 (2001).

USEPA : A Summary of Toxicology Studies with Alachlor. Toxicology Division,

Monsanto Company, USA (2002a).

USEPA : U.S. Environmental Protection Agency, Office of Pesticide Programs,

The Acetanilide Pesticides: Alachlor, Metolachlor and Acetochlor (2002b).

Vijaya Lakshmi, S. and K. S. Tilak:  Effect of pesticides on the gill morphology

of Labeo rohita. J. Ecotoxicol. Environ. Monit., 6, 059-064 (1996).

Wannee, Jiraung Koorskul, E Suchart Upatham, Maleeya Kruatrachue,

Somphong Sahaphong, Suksiri Vichasri-Grams and Prayad Pokethitiyook

: Histopathological effects of round up, a glyphosate herbicide, on Nile

tilapia Oreochromis niloticus. Science Asia, 28, 121-127 (2002).

Welling, S.R. and B.B. McCain: In: Progress in environmental tumor research.

Hamburger F. Ed. Karger. Basel., 20, 55-74 (1976).

Butchiram et al.


