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Abstract: The present study was undertaken to evaluate the toxic effects of
butachlor, a widely used herbicide on Indian major carp C. mrigala in terms of
micronucleus assay and growth performance. Fish were exposed to 1.0 ppm, a
sublethal concentration of butachlor and micronucleus assay was carried out after
24, 48, 72 and 96 h. Peripheral blood was collected and smear was prepared using
Giemsa stain to analyse micronuclei. A positive control was also maintamed.
Growth performance of fish was studied for a period of 60 days during which fish
were fed on a diet containing 40% protein. Growth parameters were calculated and
carcass composition was analysed according to standard procedures. Frequencies
of micronuclei reveal a significant (p<<0.05) time dependent response, being higher
at 48 h of exposure. Broken Egg (BE) and multiple micronuclei appeared after 72 and
96 h, respectively showing the genotoxic effect of the chemical. Fish growth studies
also depicted a growth repressing effect due to butachlor. On exposure to 60 days
a significant (p<0.05) decrease in fish growth was observed in terms of live weight
gain, length gamn and growth % gam in b.wt Significantly (p<0.05) low
accumulation of carcass protein and low gross energy in the butachlor exposed
fishes were observed. Muscle glycogen levels were also significantly (p<0.05) low
in the group of fishes exposed to butachlor indicating that this herbicide persists
in the aquatic system for a long period of time. These results together with those
related to mutagenicity demonstrate the risk that butachlor possess.

Key words: Broken egg, carcass protein, growth performance, micronucleus
assay, herbicide

INTRODUCTION

The synthetic chemicals such as insecticides, pesticide, herbicides are used as kmghts
n armour to control pests or weeds i modermn agriculture technology for the production of
more food and management of public health. These chemicals even when applied in restricted
areas are washed and carried away by rains and floods to nearby aquatic system, thereby
affecting aquatic biota, specially fish, which is important due to their nutritive value
(Chattopadhay et ai., 2006, Farombi et al., 2008, Ndimele ef al., 2010). These chemical affect
not only the physiology and survival of aquatic organisms including fish but also can
mteract with their genetic material which may lead to the mutations and/or carcinogenesis
(Goksoyr, 1991; Da-Fonseca et al., 2008, Nwani et al., 2010).

Butachlor, 2-chloro-N-(2, 6-diethylphenyl) acetanilide 13 an unportant herbicide used
mainly in rice paddy fields to control perennial grasses and some broad leaf weeds. Tt is

Corresponding Author: Dr. Abhay Singh Yadav, Department of Zoology,
Kurukshetra Umversity, Kurukshetra-136119, India
Tel: 0091-01744-238410/2497 {O) Fax: 0091-01744-238277
223



Res. J. Environ. Toxicol., 4 (4): 223-230, 2010

estimated that in Asia only, it is used more than 1000,000000 lbs year™ (Ateeq ef al., 2002).
Although, some studies have demonstrated the mutagenicity of butachlor in Salmonella sp.
(Hsu et al., 2005), induction of stomach tumours in rats (Thake et al., 1995) and induction of
micronuclel in cat fish erythrocytes (Ateeq ef al., 2002) and accumulation in body tissue in
fresh water fish Channa punctatus (Tilak et al., 2007), yet there is paucity of toxicological
mformation available on it. Cirrhinus mrigala (Hamilton) 1s one of mmportant carp fish widely
consumed in India and is also cultured in village ponds situated near rice fields in mono or
polyculture. JTunl ef al. (2006) studied acute toxicity of different pesticides (triazophos,
acephate and isocarbophos) on Cirrhinus mrigala. However, the studies concerning the
genotoxic effects of butachlor on this fish are lacking. To address the 1ssue of genotoxicity
in terms of micronucleus assay of this widely used herbicide butachlor on Indian major carp
C. mrigala and to study the magnitude and scope of these effects, present studies were
undertaken.

MATERIALS AND METHODS

Experimental Herbicide

Butachlor (50% EC) bearing trade name Machete (1978) manufactured by Monsanto
India Limited, Mumbai was used for present investigation. This study was conducted from
2008 to 2010.

Fish and Treatment

Specimens of freshwater fish Cirrhinus mrigala (Hamilton; Class: Teleostomi; Order:
Cypriniformes; Family: Cyprimdae), with mean body weight of 20-50 g were procured from
local sources. Fishes were acclimated in plastic tubs of 80 L. capacity in laboratory conditions
where temperature was maintained at 25+1 °C and lighting schedule at 12 h of light alternating
with 12 h of darkness (I.D:12:12). The water in plastic container was renewed daily with
stored tap water that was free from chlorine. Proper aeration was contimuously provided i
all plastic containers to maintain the optimum dissolved oxygen by an oil free air blower
through plastic pipe via air store regulators attached to each aquarium to adjust pressure of
air. Before stocking, the fishes were acclimatized for 5-7 days and disinfected by solution of
potassium permagnate (KMnO,). To mamtain hygenic condition and prevent pollution
caused by remaining food and faeces the plastic containers were cleaned everyday prior to
feeding time m mormng by siphomng out of the excreta and 80% of the water was exchanged
to prevent sudden increase in water temperature because the experiment was conducted in
summer months. The dead fishes if any, were removed and recorded for calculating the
survival rate. After acclimatizing them to laboratory conditions, the fishes were kept in two
groups. Group 1 served as control. Fishes m group 2 were exposed to sublethal
concentration of butachlor i.e., 1.0 ppm for 24, 48, 72 and 96 h. This dose was selected
according to Farombu ef al. (2008). After 24, 48, 72 and 96 h, peripheral blood of one fish from
each group was collected by caudal vein and in some cases by heart puncture and
micronuclei assay were performed.

Micronucleus Assay

Micromclei are some extra nuclear bodies that are formed in mitosis from acentric
chromosomal fragment or chromosomes that are not included in either daughter nucleus.
Micronucleus assay is widely used in fishes since, it is simple economic and reliable
technique to detect effect of chemical. After exposure the peripheral blood was collected from
caudal vein or by heart puncture. A smear was prepared on clean glass slide. The smear was
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fixed with methanol for 5 min, air dried and stained with 2% Giemsa. The slides were scanned
and analysed for 1000 cells/individual with micronuclei.

Fish Growth Studies

In order to evaluate the effect of butachlor on fish growth, the fishes were continued to
kept under control and butachlor exposure for 60 days. During the experimental period
(60 days) fish mn both the groups were fed on a formulated diet containing 40% protem level
containing soybean (Autoclaved at 15 lbs, 121°C for 15 min for the removal of antinutrient
factors) as the major protein source. Fish were fed at 4% b.wt. day™' in two installments at
0900 and 1700 h. The feeding trial for control (no toxicant) and treated (Butachler at 1.0 ppm)
groups was contimued for 60 days. Individual weights of the fish were recorded with the help
of top pan balance (Make AFCO SETEX-1200), length of fish was measured using a simple
centimeter scale. Weight gain, Specific Growth Rate (SGR) and growth percentage gain was
calculated using standard formulae (Garg et al., 2002).

Proximate Analysis of Body Carcass and Muscle Glycogen

At the beginning of the experiment some fishes were taken from the reserve and their
weight and length was recorded. After evisceration the fishes were cut into pieces. These
pleces were weighed and put in hot air oven (60°C for 12 h) for drying to determine the
moisture content. The dried sample in aluminium foil was stored in desiccator for proximate
analysis for crude protemn, fat, ash and NFE following the standard procedures
(AOQAC, 1995). The same protocol was followed at the end of the experiment (60 days) to
estimate final carcass quality. Gross energy was calculated according to Henken ef al. (1986).
Muscle glycogen of treated fish at the end of 60 days was determined according to
Thimmaiah (1999).

Statistical Analysis
Student. t-test was used for determining the significant differences between different
treatments, using SPSS version 11.5 for windows.

RESULTS

Induction of Micronuclei (MINi)

The frequencies of micromiclei induced in the peripheral blood erythrocytes,
determined at concentration 1ppm of butachlor are shown in Table 1. The criteria of
Tolbert et al. (1992) was followed for the identification of micronuclei. Different types of
micronuclel (MN1) were observed (Fig. la-d) and these were categorized mto following
groups:

*  Small MNi

+ Large MN1

»  Two micronuclei in a cell
*  Broken Egg (BE)

¢ Multiple MNi

The number of micronuclei at 48 h were maximum (22.5+1.0) and thereafter decreased.
After 24 and 48 h of exposure to butachlor no stage of Broken Egg (BE) have been found.
The BE started appearing after 72 h (04) and after 96 h 1 or 2 stages of BE have been found.
Multi-micronuclel were observed only after 96 h of exposure to butachlor (Table 1).
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Table 1: Frequency of micronuclei in 1000 blood cells of Cirrhinus mrigala treated with butachlor at different duration
Duration of  Slide  No. of blood Total No. of cell Total No. of  Total No. of cell with

exposure (h)  No. cells examined  with micronuclei broken egg multiple micronuclei Mean+SE

Control 1 1000 3 - - 2.50+0.353
2 1000 2 - -

24h 1 1000 8 - - 9.50+1.010
2 1000 11 -

48h 1 1000 21 - 22.5+1.060
2 1000 24 -

72h 1 1000 11 3 6.75£1.672
2 1000 9 4 -

96 h 1 1000 7 2 3 4.00£1.201
2 1000 9 1 2

Significant at p<0.035

i @ / (b)
. e

(©) (d)

Fig. 1: Micronuelei and broken egg in the blood cells of Cirrhinus mrigala on exposure to
butachlor. (a) small micronucleus, (b) large micronucleus, (¢) two micronuclel n a cell
and (d) broken egg

Effect of Butachlor on Fish Growth

The growth responses of the experimental fish m control and treated groups are shown
in Table 2, survival was high (100%) in both the groups. The growth of fish in terms of
weight gain, length gain and growth (%) gain wt. in body wt. were significantly (p<t0.05) high
n control group where no toxicant was present where as a clear cut growth repressing effect
was observed in group of fishes which were treated with Butacholr at 1.0 ppm.
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Table 2: Growth performance of C. mrigala when exposed to Butacholr for 60 days

Parameters Control Treatment.

Initial weight (g) 38.5+0.10 38.60+0.17
Tnitial length (cm) 12.4+0.10 12.30+0.10
Final weight (g)* 59.540.21 47.25+0.14
Final length (cm)* 19.2+0.49 14.90+0.31
Weight gain (g)* 20.9£0.10 8.65+0.03
Length gain (cm)* 6.8+0.35 2.60+0.21
Growth % gain in BW (%0)* 54.3+0.14 18.30+0.10

*Significantly (p<0.05) different (student's t-test)

Table 3: Proximate composition of fish carcass after 60 days of exposure to butachlor (1.0 ppm)

Parameter Tnitial Control Treatment (butachlor 1.0 pprm)
Moisture (%) 71.90+0.10 72.4+0.247 F0.70+0.56

Crude protein (%) 13.10£0.23 15.2£0.31% 10.70+0.14%

Crude fat (%) 5.10+0.07 5.31+0.04 5.2240.02

Crude ash (%0) 4.30£0.21 4.29+£0.04* 5.47+0.01%

NFE (%) 5.45+0.67 2.67+0.13% T7.90+0.38%

Gross energy 3.13+0.72 6.15+0.06* 5.94+0.10*
Muscle glycogen 2.00+0.14 2.40+£0.09% 1.3040.07*

*Significantly (p<0.05) different (student's t-test)

Effect of Butachlor on Fish Carcass Composition and Muscle Glycogen

Initial and final carcass composition in control as well as treatment group with respect
to proximate nutrients of test fish is shown m Table 3, crude protein (%) was found to be
significantly (p=00.05) higher (15.240.31) in the carcass of fish kept under control where as the
protein (10.07£0.14) content decreased in the group of fishes exposed to butachlor. The
values were even lower than the imtial values. Gross energy also followed the similar trend
where as crude ash was higher mn butachlor treated fishes. No significant variations were
observed in moisture and fat content. Significant (p<t0.05) decrease in muscle glycogen level
was also observed in group of fishes treated with butachlor. The values were even lower
than the utial group.

DISCUSSION

Among the various toxic effects of agrochemicals, large-scale impact on the genetic
materials 18 of great concem. Hence, the potential long-term genetic hazards of
pesticides/herbicides for man and other organisms cannot be ignored (Durham and Williams,
1972, Waters et al., 1980; Sharma, 1984). The biological magnification leads to the presence
of residues of pesticides in human food and their subsequent consumption by humans. As
the fishes are directly exposed to contaminants in water, these can act as good bio-indicators
for the state of pollution in water bodies (Manna and Biswas, 1986).

The present study signifies the effect of a widely used herbicide butachlor on an
economically important food fish C. mrigala mn terms of micronuclei test and growth
performance. The frequency of micronucler m the present study significantly (p<0.05)
increased from O to 48 h post treatment, thereafter there was appearance of broken egg
followed by multiple micronuclei stage confirming the effect of butachlor on nucleus.
Actually, butachlor is an organochlorine compound and have greater mhibitory effect on
photosynthesis and respiration of macrophytes, undesirable grasses and broadleaf weeds
in rice fields (Tones and Winchel, 1984; Jones et al., 1986, Delistraty and Hershner, 1984).
However, along with run-off this herbicide enters in the nearby fish ponds and its effect on
bottom fauna and fishes in ponds have also been reported (Sarkar, 1991). Cavas and Konen
(2005) have also reported that butachlor mhibits the cell division and thus result in
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micronuclei. Thus it can be confirmed that this herbicide cause genetic damage in
erythrocytes of C. mrigala. Reports on the impact of butachlor addressing micronuclei in
C. mrigala are not available. However, Rishi and Grewal (1995) reported that micronucleus
assay results show constancy of effect over various duration m dichlorvos on Channa
punctatus. According to Kirsch-Volders ef ¢l. (2006), MN assay is a multi endpoint test of
genotoxic responses to clastogens. The frequency of micronucleus (MN) is extensively used
as a biomarker of genomic stability (Norrapa and Falalk, 2003). Micronucle: result from
chromosome breakage or interference with the mitotic apparatus and such events are thought
to be related to carcinogenesis (Bishop, 1987). Tt is used as an indicator of genotoxic
exposition since, it is associated with chromosome aberrations (Remirez and Saldanha, 2002),
supporting the view that appearance of micronuclei, Broken egg and Multiple micronuclel
in the present studies might be due to the genotoxic effect of butachlor. In the present study,
total number of micronuclei initially increased up to 48 h of exposure thereafter decreased at
72 or 96 h of exposure. This decrease is due to its effect in the form of broken egg and
appearance of multiple micronuclei which are considered to be associated with severe
chromosomal aberration (Remirez and Saldanha, 2002). Although, there was appearance of
micronuclei showing genotoxic effect of chemical used even at low concentration, yet, the
survival was not significantly affected. Therefore, in the present study the fishes were
continued to kept under butachlor exposure for 60 days and its effect on growth was also
evaluated. A growth depressing effect was further observed when fish were exposed to the
chemical for 60 days. Although, same feed at the same ration level was fed to the control and
exposed fishes, yet the growth rate was very low in group of fishes exposed to butachlor,
very clearly revealing that butachlor might have decreased the digestibility causing improper
feed and dietary protein utilization and decrease in fish growth. Thus mbubition of cell
division might be the reason contributing to growth depression. The herbicide butachlor has
been observed to cause a substantial reduction in the fish carcass protein content, even less
than the initial value in C. mrigala m the present study. Singh and Bhati (1994) have also
observed similar results in Channna punctatus when exposed to 2, 4-D. There might be two
reasons for decrease in carcass protein, first may be simply a disturbance in the enzyme
systems decreasing digestibility, the second may be based on effect of chemical on genetic
material since, it 1s well known that butachlor affect the rate of cell division to a considerable
extent. An increase in ash content further confirmed low dietry protein utilization. Muscle
glycogen levels were also low in butachlor exposed fishes in comparison to control, though
they were fed on similar diets again showing utilization of accumulated glycogen because
of low feed utilization. These studies clearly reveal the genotoxic potential of butachlor even
at low dose level 1.0 ppm. Since, fishes can respond to mutagens at low concentration of
toxicant in a manner similar to higher vertebrates (Goksoyr, 1991; Al-Sabti and Metcalfe
1993). Moreover, as compared to mammals, the DNA repair was reported to be slower in
fishes (Walton ef al., 1984; Maccubin ef af., 1991 ; Espina and Weiss, 1995). Therefore, these
mvestigations suggest a serious concern towards the potential danger of butachlor to
aquatic organisms and its use in agriculture practices.

REFERENCES

Al-Sabti, K. and C.D. Metcalfe, 1995. Fish micronuclei for assessing genotoxicity in water.
Mutat. Res., 343: 121-135.

AOAC, 1995. Official Methods of Analysis. Association of Official Analytical Chemists,
Washingtor, DC.

228



Res. J. Environ. Toxicol., 4 (4): 223-230, 2010

Ateeq, B., M. Abul Farah, A. Niamat and W. Ahmad, 2002. Tnduction of micronuclei and
erythocyte alterations in the Cat fish Clarias batrachus by 2, 4 dichlorophenoxy acetic
acid and butachlor. Mutat. Res., 518: 135-144.

Bishop, I.M., 1987. The molecular genetics of cancer. Science, 235: 305-311.

Cavas, T. and S. Konen, 2005. Detection of cytogenetic and DNA damage m peripheral
erythrocytes of goldfish (Carrassius auratus) exposed to a glyphosate formulation
using the micronuclens test and the comet assay. Aquat. Toxicol., 74: 264-271.

Chattopadhay, A., S. Adhikari, S.P. Adhikary and S. Ayyapan, 2006. Evaluation of butachlor
for control of submerged macrophytes along with its impact on biotic components of
freshwater system. Tran. J. Environ. Health. Sci. Eng., 3: 103-108.

Da-Fonseca, M.B., L. Glusczak, B.S. Moraes, C.C. De-Menezes and A. Pretto et al., 2008. The
2, 4-D herbicide effects on acetylcholinesterase activity and metabolic parameters of
piava freshwater fish (Leporinus obtusidens). Ecotoxicol. Environ. Safety, 69: 41 6-420.

Delistraty, D.A. and C. Hershner, 1984. Effect of herbicide atrazine on adenine nucleotide
levels in Zostera marina L. (eelgrass). Aquat. Bot., 18: 353-369.

Durham, W.F. and C.H. Williams, 1972. Mutagenic, teratogenic and carcinogenic properties
of pesticides. Atm. Rev. Entomol., 17: 123-148.

Espma, N.G. and P. Weiss, 1995. DNA repair m fish from polluted estuaries. Marine Environ.
Res., 39: 309-312.

Farombi, E.O., Y.R. Ajimoko and O.A. Adelowo, 2008. Effect of butachlor on
antioxidant enzyme status and lipid peroxidation in fresh water African Catfish,
(Clarias gariepinus). Int. . Environ. Res. Public Health, 5: 423-427.

Garg, SK., A. Bhatnagar, A. Kalla and M.S. Johal, 2002. Experimental Ichthyology. CBS
Publishers, New Delhi, pp: 172.

Goksoyr, A, 1991. A Semi-quantitative Cytochrome P450 1 A1 ELISA: A simple method for
studying the monooxygenase mduction response in environmental monitoring and
ecotoxicological testing of fish. Sci. Total. Environ., 101: 255-262.

Henken, A M., H. Lucas, P.A. Tijseen and M. A M. Michielis, 1986. A comparison between
methods used to determine the energy content of feed, fish and faecal samples.
Aquaculture, 58: 195-201.

Hsu, K.Y, HJ Lin, JK. Lin, W.5. Kuo and Y .H. Ou, 2005. Mutagenicity study of butachlor
and its metabolites using Salmonella typhimurium. J. Microbiol. ITmmunol. Infect.,
38: 409-416.

Jones, T'W. and L. Winchel, 1984. Uptake and photosynthetic inhibition by atrazine and its
degradation products on four species by submerged vascular plant. J. Environ. Qual,
13: 243-247.

Jones, TW., WM. Kemp, P.8. Estes and J.C. Stevenson, 1986. Atrazine uptake,
photosynthetic mtibition and short-term recovery for the submerged vascular plants
Potamegeton perfoliatus L. Arch. Environ. Contam. Toxicol., 15: 277-283.

Junl, 1.5, HA. Zhuang and Z.Z. Wang, 2006. Acute toxicity of three common
organophosphorus pesticides on Cirrhinus mrigala juvenile. J. Zhejiang Ocean Univ.,
174: 1008-1830.

Kirsch-Volders, M., R.A. Matenca, M. Roelants, A. Treamp and E. Zeigar et al., 2006. The
effect of GSIM 1 and GSTT 1 Polymorphisms on micronucleus frequencies in human
Iymphocytes in vivo. Cancer Epidemiol., 17: 379-386.

Maccubin, AE., N. Ersing and M.E. Frank, 1991. Mutagenicity of sediments from the Detroit
river. J. Great Lake Res., 17: 314-321.

229



Res. J. Environ. Toxicol., 4 (4): 223-230, 2010

Manna, G.K. and S. Biswas, 1986. Micronucleus test (MNT) in four species of fishes treated
with bacterium. Nat. Acad. Sci. Lett., 9: 189-191.

Ndimele, PE., A. Jenyo-Om and C.C. Jiburke, 2010. Comparative toxicity of crude oil,
dispersant and crude oil- plus- dispersant to Tiapia guineensis. Res. J. Environ
Toxicol., 4 13-22.

Norrapa, H. and G.C. M. Falak, 2003. What do human micronuclei contains. Mutagenesis,
18: 221-233.

Nwani, C.D., W.S. Lakra, N.S. Nagpure, R. Kumar, B. Kushwaha and 3.K. Srivastava, 2010.
Mutagenic and genotoxic effects of Carbosulphan in freshwater fish Channa punctatus
(Bloch) using micronucleus assay and alkaline single-cell gel electrophoresis. Food
Chem. Toexicol., 48: 202-208.

Remirez, A. and P.H. Saldanha, 2002. Micronucler mvestigation of alcoholic patients with oral
carcinomas. Genet. Mol. Res., 1: 246-260.

Rishi, K K. and S. Grewal, 1995. Chromosome aberration test for the insecticide, dichlorvos,
on fish chromosomes. Mutat. Res., 344: 1-4.

Sarkar, SK., 1991. Effect of the herbicide 2, 4-D on the bottom fauna of fish ponds. Prog. Fish
Cult., 53: 161-165.

Sharma, A., 1984. A Perspective Report. Golden Tub. Publisher, New Delhi, pp: 347-354.

Singh, S. and D.P.S. Bhati, 1994. Evaluation of liver protem due to stress under, 2, 4-D
intoxicant in Channa punctatus (Bloch). Bull. Environ. Contan. Toxicol., 53: 192-197.

Thake, D.C., M.T. Tatropoulos, G.C. Hard, K.J. Hotz, C.X. Wang, G.M. Williams and
A.G. Wilson, 1995, A study of mechanism of butachlor- associated gastric neoplasms
in sprange-Dawley rats. Exp. Toxicol. Pathol., 47: 107-116.

Thimmaiah, S.K., 1999. Standard Methods of Biochemical Analysis. Kalyam Publishers,
Calcutta, India.

Tilak, K.8., K. Veeraiah, P.B. Thathaji and M.S. Butchiram, 2007. Toxicity studies of butachlor
to freshwater fish Channa punctatus (Bloch). J. Environ. Biol., 28: 485-487.

Tolbert, P.E., CM. Shy and I W. Allen, 1992. Micronuclel and other nuclear anomalies in
buccal smear: Method development. Mutat. Res., 271: 69-77.

Walton, D.G., AB. Acton and H.F. Stich, 1984, Comparison of DNA repair synthesis,
chromosome aberrations and mduction of micronuclel in cultured human fibroblast,
Chinese hamster ovary and central mudmimmow, Unmibra limmi cells exposed to chemical
mutagens. Mutat. Res., 129: 129-136.

Waters, M.D., V.F. Simmon, A.D. Mitchell, T.A. Jorgenson and R. Valencia, 1980. An
overview of short term tests for mutagenic and carcinogenic potential of pesticides.
T. Environ. Sci. Health, 15: 867-906.

230



	RJET.pdf
	Page 1


