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GENOTOXIC EFFECTS OF CARBARYL ON INDIAN CRICKET FROG
LIMNONECTES LIMNOCHARIS OFWESTERN GHATS

ABSTRACT
Tracing many reasons, pesticidal cause is gaining momentum for the decline of amphibian popula-
tion. As there are no reports on the effects of pesticides on amphibian fauna of Western Ghats,
carbaryl a carbamate pesticide was used to test their genotoxic effect on L. limnocharis. The pilot
toxicity studies have revealed that the LD50 was estimated to be 125mg/kg b. wt. at 96 h by an
intraperitoneal injection. The median lethal and sub lethal doses 125, 93.75, 62.50 and 31.25 mg/
kg body weight equivalent to LD50 and 3/4th, 1/2nd, 1/4th of the LD50 were employed to treat the
animals for further studies. Protocols such as chromosomal aberrations micronucleus test and
sperm morphology assay were used to evaluate the genotoxicity. The frequency of chromosomal
aberrations are not significant even at higher doses, micronucleus and sperm abnormalities were
significantly more in higher doses of pesticide exposure during 72 and 96 h treated groups com-
pared to controls.
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Forest area (Western Ghats) and paddy fields of Lakkavally
village (3 kms away from the University campus) and were
introduced into artificial pond in the departmental premises
to acclimatize to the laboratory conditions.(Fig.4)

Carbaryl (1-naphthal N-methyl carbamate) is used in
control of insect pest. It is a broad spectrum carbamate
insecticide, M/S Rallis India Ltd. Mumbai was the first to
introduce it into the market in 1956 under the trade name
of sevin in India.

The animals (1.8 to 2 gm weight 22-24mm length) were
divided into 10 experimental groups, 1 group as control
and 9 treated groups. In each group 10 frogs were
introduced and various concentrations of pesticide was
exposed for ten groups to find out the LD50 value at 96 h,
on the basis of LD50 value of carbaryl, it�s median lethal
and sub lethal doses were fixed.

In the injection method, the known amount of pesticide
was administered in to the animal body through an
intraperitoneal injection by using 1ml syringe, only once
in a treatment period. Based on the LD50 value, the animals
were treated with doses. One median lethal (LD50) and
three sub lethal concentrations of 3/4th, 1/2nd and 1/4th of
LD50values of the carbaryl.

Preparation of chromosome plates
The colchicine of 0.006% concentration was used and
the dosage of injection was fixed according to the body

INTRODUCTION
These days, pesticides are being widely used in agricul-
tural fields to get rid of the insect pests rather to enhance
agricultural production. These pesticides are known to
cause deleterious effects when they enter the animal sys-
tem. Of the three major groups of synthetic pesticides,
carbamates are the recent additions. Many investigations
have shown that some of the carbamate pesticides are
mutagenic, clastogenic and carcinogenic. Even the cyto-
toxic effects of some of the carbamate pesticides have
been reported.

Carbaryl is being extensively used in the paddy fields of
Western Ghats, where L. limnocharis exists. No report is
available on the effects of pesticide on this frog. Further,
no cytological work has been done on this species. Cyto-
logical work is necessary to understand the chromosome
complement of the species and in turn the cytogenetic
effects. Hence, in the present investigation an attempt
has been made to understand the effect of carbaryl on the
chromosomes of bonemarrowcells,micronucleus in eryth-
rocytes and sperm abnormality in testes of L. limnocharis.
The karyological and cytogenotoxic effects of carbaryl on
the above species were undertaken and the results are pre-
sented in this paper.

MATERIALS AND METHODS
L. limnocharis were collected from Kuppalli Bioreserve
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96 h exposure were statistically significant when compared
to control (Table 3 & Fig.3 & 11).

DISCUSSION
Our observations on the karyotype of L. limnocharis was
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Figure 1: Percentage frequency of chromosomal abnormali-
ties in L. limnocharis treated with median lethal and sub
lethal doses of carbaryl.

weight of the animal (0.2 ml to 1.5 ml). After 14-16 h of
administration of colchicine the animals were sacrificed

Chromosomeplateswere prepared frombonemarrowcells
of the frogs using conventional air dry technique (Evans et
al., 1964). Slides were stained with 0.5% Giemsa solution
for 10-12 minutes and stained chromosomes in each
treatment group about 400 well spread metaphase plates
were screened for different types of chromosomal
aberrations like chromatid breaks, a chromatid deletions,
rings and minutes.

Karyotype: Karyotype was constructed according to Levan
et al. (1964).

Micronucleus assay
For micronucleus assay, the animals were treated with
different sublethal doses of carbaryl and controls were
also maintained. The slides of the micronucleus assays
were prepared by using the method of Schmid (1976). In
each treatment group20,000 erythrocytes (2000/slide)were
scored for micronuclei by using Handtally counter.

Preparation of sperm smear
The abnormalities in the sperm morphology were studied
in pesticide treated and control frogs using the technique
developed by Wyrobeck and Bruce (1978). In each
treatment group at least 20,000 sperms (2000/slide) were
screened for the morphological abnormalities.

RESULTS
In the present investigation, we have noticed the karyotype
of L. limnocharis (Fig.4) which comprised of 26
chromosomes (Fig.5 & 6) of which 5 pairs of large (Fig.6)
and 8 pairs of medium to small chromosomes (Fig.6), of
which 8 pairs were metacentric (1, 2, 4, 5, 6, 7, 12, and
13) and 5 pairs are sub metacentric (3, 8, 9,10 and
11),(Fig.5 & 6).

The median lethal and sub lethal doses of carbaryl have
been treated to L. limnocharis and their effects on
chromosomal aberrations were observed (Table 1, Fig.1).
In all the four treatment groups 24 to 96 h time intervals
resulted in frequency of chromosomal aberrations was
increased, it was time and dose dependent manner. (Fig.
7, 11 &13)

The micronucleus test is another important tool employed
for in in vivo cytogenotoxic studies to screen the clastogenic
effect of the test chemical. Micronucleus were gradually
increased and itwas also time anddose dependentmanner,
were not significant at 24 and 48 h exposure, but whereas
significant at 72 and 96 h when compared to control.(Fig.2,
8, 9 &10)

The frequency of sperm abnormalities was increased in
pesticide exposed frogs and it was gradually time and dose
dependent manner. Higher doses of the carbaryl at 72 to
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similar to the observations of typical Ranid karyotype
(King, 1990; Joshy et al., 1999) and all previously
examined species of the Rhacophoridae have 2n=26
chromosomes (King, 1990; Kurmato, 1992; Prakash, 1998).
The LD50value of the carbaryl was 125mg/kg b.wt. at 96 .

The median lethal and sub lethal doses of carbaryl were
125, 93.75, 62.50 and 31.25 mg/kg b. wt. were treated to
L limnocharis by an Injection method.

Increase of chromosomal aberration was evident at higher
doses in all durations against control cells, which indicates
clastogenic property of carbaryl. Similar to our present
findings, inChinese hamster cells, carbaryl exposure caused
chromosomal aberrations (Onfelt and Klasterska, 1984).
Carbaryl was mutagenic in a gene mutation assay with
cultured Chinese hamster V79 cells, clastogenic in Chinese
hamster fibroblasts induced chromosomal aberrations in

Figure 2: Percentage frequency of micronucleus found in
erythrocytes of L. limnocharis treated with median lethal
and sub lethal doses of carbaryl.

Figure 3: Percentage frequency of sperm abnormalities in L.
limnocharis treated with median lethal and sub lethal doses
of carbaryl.

Figure 4: Limnonectes limnocharis

Figure 5: Normal chromosomal plates

Figure 6: Karyotype of Limnonectes limnocharis

Figure 7: Chromatid deletion

GENOTOXIC EFFECTS OF CARBARYL ON INDIAN CRICKET FROG
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ovary cells and inhibited mitosis and spindle formation
in cultured embryonic fibroblasts (Anonymous, 1987). It
was reported that carbaryl depressed the mitotic activity
of cells in onion root meristems (Sneizko et al., 1997;
Nagpal et al., 1998). An oral administration of the
carbofuran 1.9, 3.8 and 5.7mg/kg b.wt. for 4 consecutive
days and observed chromosomal aberrations were
significant to dose dependent manner (Chauan et al.,
2000).

In earlier study, carbaryl showed a significantly higher

frequency of chromosomal aberrations in kidney cells of
fish Channa punctatus, indicates that carbaryl is a potent
inducer of chromosomal aberrations (Sarangi, 2000). It
was also reported that there was a significant decrease in
mitotic index at higher doses of pesticide against control
(Verma and Bharadwaj, 2003) indicates the mitotoxic
property of carbaryl. In the present study, chromosomal

Figure 8: Micronuclei present in the erythrocytes

Figure 9: Normal erythrocytes

Figure 10: Micronuclei present in the erythrocytes

Figure 11: A. Duplication present in the chromosome and B.
Breakage of chromosome

Figure 12: A. Sickle shaped sperm, B. Normal sperm and
C. Hook shaped sperm.

Figure 13: A. Deletions, B,. Minutes, C. Rings
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ations of carcinogenicity: An updating of IARC Monographs
Volumes 1-42, Lyon, France.

Chauhan,L.K., Pant, N., Gupta S.K. and Srivastava, S.P. 2000.
Induction of chromosome aberrations, micronucleus forma-
tion and sperm abnormalities in mouse following carbofuran
exposure. Mutat. Res. 465: Pp123 - 129.

Evans, E. P., Breckon, G. and Ford, C. E. 1964. Air-
drying method for meiotic preparation from mammalian testis.
Cytogenetics. 3: Pp 289-294.

Joshy, S. H. Rahiman, M. A., Sreepada, K. S. and
Gururaj, M.E, 1990. Karyotype of six species of Anuran
from the Western Ghats, South India, The Nucleus. 42 (1,2): Pp
73-78.

King, M. 1990. Animal cytogenetics 4.Chordata 2, Am-
phibia. Gebruder Borntraeger, Berlin.

Kurmato, M and Yong, H. 1992. Karyotype of several
frog species from peninsular malaysia. Herpetology, 48(4): Pp
434-438.

Levan, A., Karl Fredga and Avery A. Sandberg, 1964.
Nomenclature for centromeric position on chromosomes,
Hereditas: 52: Pp 201-220.

Marshal,T.C. Dorough, H. W. and Swim,H. E. 1976.
Screening of pesticides for mutagenic potential using Salmo-
nella typhimurium mutants. J. Agric. Food Chem, 24(3): Pp
560-563.

Nagpal, A., Grover, I. S. and Thural, A. K., 1998. Car-
baryl induced M-1 irregularities and variations in Chiasma fre-
quency in Allium cepa. Environ. Dev. Pp 179-181.

Onfelt, A. and Klasterska, I., 1984. Sister chromatid ex-
changes and thioguanine resistance in V79 chinese hamster
cells after treatment with the aneuploidy � inducing agent car-
baryl + S9 mix. Mut. Res. 126 : Pp 269-274.

Osterloh, J., Letz, G., Pond, S. and Becker, C., 1983. An as-
sessment of the potential testicular toxicity of 10 pesticides
using the mouse-sperm morphology assay. Mutat. Res. 116:
Pp 407-415.

Pant, N., Shankar, R., Srivastava: Sr. 1996. Spermatotoxic ef-
fects of carbaryl in rats. Hum. Exp. Toxicol. 15: Pp 736-8.

Prakash, 1998. Chromosomal checklist of the amphibians of
India. Hamadryad. 22: 111-113.

Sarangi, P. K. 2000. Cytogenotoxicity evaluation of certain
pesticides in Fish in vivo. Ph.D. Thesis, Berhampur University,
Orissa.

Schmid, W. 1976. The micronucleus test for cytogenetic analy-
sis In: A. Chemical mutagens: Principles and methods for their
detection, Hollander (Ed.) Plenam Press, New York, N.Y., Vol.4:
Pp 31-53.

Shtenberg, A. I. and Rybakova, M. N. 1968. Effect of carbaryl
on the neuroendocrine system of rat. Fd. Cosmet. Toxicol. 6:
Pp 461-467.

Sneizko, R., Slotwinska, M., Macik, G and Niewiadom, A. 1997.
The effects of carbamate RW-X on the growth and mitotic
activities of root meristems of onion (Allium cepa) Biuletyn-
Insttutu- Holwli-Akilmatyzacji Roslin. No. 201: Pp 337-446.

aberrations were increased in a time and dose dependent
manner. Chromosomal aberrations in the entire treated
groups were not significant when compared to control
even at higher doses.

Increase of micronucleus was evident at higher doses in
all durations against control cells, which indicates
mitotoxic property of carbaryl. Earlier Marshal (1996)
reported that carbaryl did not induce micronucleus at
significant level in mice fed with carbaryl (50, 100 and
200mg/kg b.wt.) for 48 h. A similar result of Carbaryl
(125 µg/l) induced micronucleus significantly at 25 days
exposure in fish Channa punctatus was reported (Sarangi,
2000). In contrast, the results of the present study indicates
that the carbaryl is an effective inducer of micronuclei
but it induce significantly at 72 and 96 h when compared
to control.

Increase of spermabnormalitieswas evident at higher doses
in all durations against control cells, which indicates
genotoxic property of carbaryl. Carbaryl treatment on
mouse in various doses upto 35 days did not show any
significant increase in this sperm abnormality (Osterloh
et al., 1983). An increase in sperm abnormalities in rats�
fed with carbaryl for 60 days (Pant et al., 1996) has been
reported. Carbaryl induced acrosomal abnormalities in
mice and human marginal or in conclusive effect was
observed by Wyrobeck et al. (1983). Carbaryl has been
reported to increase the proportion of abnormal sperm
morphology in the pesticide exposed workers and reduce
the sperm motility (ability to move) in rats (Shtenberg
andRybakova, 1968).Mice exposed to intraperitoneal dose
of 1 and 2mg/kg b.wt. of carbofuran and repeatedly to
0.5mg/kg b.wt. for 5 consecutive days showed induced
sperm abnormality significantly. It increased in dose
dependent manner (Chauan et al., 2000). The results of
the present study indicate that the carbaryl is an effective
inducer of sperm abnormalities which is significant at 72
and 96 h.

Chromosomal aberrations induced in frogs by carbaryl
exposure was not statistically significant even at higher
doses. The micronucleus and sperm assay are, however,
statistically significant at time and dose dependent manner,
indicating the ability of carbaryl to induce micronucleus
and sperm abnormalities.
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