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Abstract The developmental toxicity of endosulfan was
examined in the anuran Bombina orientalis embryos. Sur-
vival rates of embryos following 50 uM endosulfan
treatment was significantly lower than vehicle control at
96 h onward. When the embryos develop to the tail fin
circulation stage, embryonic survival was significantly
decreased by 10 pM endosulfan treatment. Surviving
embryos showed various developmental abnormalities
including tail dysplasia at 50 uM. By hampering the
embryonic development endosulfan may cause the decline
in the natural populations of this frog species breeding on
farmland and in the surrounding aquatic environment.
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Endosulfan (6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-hexahy-
dro-6,9-methano-2,3,4-benzodioxathiepin-3-oxide), organo-
chlorine chemical is used extensively throughout the world,
as a insecticide on vegetables, fruits, coffee, and cotton
(Kullman and Matsumura 1996). Accordingly, endosulfan is
distributed in the farmland, soil, and the surrounding aquatic
environment. Therefore, it is a very strong possibility that
could induce toxic effects by coming into direct contact with
aquatic lives. Formulations of endosulfan include emulsifi-
able concentrate, wettable powder, ultra-low volume liquid,
and smoke tablets. Trade names of commercial insecticides
containing endosulfan include Cyclodan, Malix, Thiodan,
and Thiolix. The parent compound is in the form of alpha and
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beta isomers and the major oxidation product is endosulfan
sulfate. Endosulfan and its breakdown products are persis-
tent in the environment with an estimated half-life of 9
months to 6 years. Endosulfan is a highly toxic insecticide in
USEPA (U.S. Environmental Protection Agency) toxicity
class 1. Endosulfan is a Restricted Use Pesticide (RUP). To
date, toxic effects of endosulfan have been described in a
range of organisms. Endosulfan is known to produce potent
effects on the nervous system of a wide variety of organisms,
including man. In mammals, endosulfan affects the central
nervous system in which activated metabolites of endosulfan
alter and inhibit neurotransmission in the brain (Abalis et al.
1986; Gant et al. 1987) and activate cholinergic (Anand
et al. 1986), dopaminergic (Anand et al. 1985), and seroto-
nergic (Agrawal et al. 1983; Seth et al. 1986) mechanisms.
Endosulfan has been implicated in gonadal toxicity (Singh
and Pandey 1989; Sinha et al. 1997, 2001) and genotoxicity
(Yadav et al. 1982; Pandey et al. 1990; Chaudhuri et al.
1999; Lu et al. 2000). It is extremely toxic to fishes and
aquatic invertebrates (Sunderam et al. 1992). However,
there has been a little investigation of the impact of endo-
sulfan in amphibians but the probable is that may be directly
effects by this insecticide as they live on farmland and in the
surrounding aquatic environment. Also, endosulfan has an
embryotoxic, developmental, and teratogenic effects in frog
(Harris et al. 2000; Broomhall and Shine 2003).

Bombina orientalis is one of the most common
amphibians in the world and comprise a large proportion of
their total number in Korea. This species lives in mixed
coniferous-broad-leaved forests and uses water in lakes,
ponds, swamps, streams, and springs. B. orientalis, spawns
in the rice field and ponds in the farming regions where the
massive application of organochlorine insecticide occurs.
Therefore use of endosulfan in farmland may potentially
threaten embryonic, larval and adult life of this frog



Bull Environ Contam Toxicol (2008) 81:262-265

263

species. To date, however, embryotoxic, developmental,
and teratogenic effects of endosulfan has not been studied
in B. orientalis. In the present study we examined the effect
of endosulfan on the survival and development of B. ori-
entalis embryos and tadpoles.

Materials and Methods

Endosulfan (CAS No. 115-29-7) was obtained from Riedel-
de Haén (Seelze, Germany) and dissolved in ethanol. Frogs
(B. orientalis) were collected in Hongcheon (Gangwon-Do,
Korea) and reared in animal husbandry at Hanyang Uni-
versity (Seoul, Korea). They were fed with mealworm three
times a week and aquarium water was replaced at the time of
feeding. The aquaria were maintained at a diurnal 14: 10 h
light: dark cycle and at 20-22°C. Embryos were obtained
from at least three different male/female pairs for each bio-
assay. Mature oocytes of B. orientalis were obtained by
injecting adult females with 750 IU of human chorionic
gonadotropin (hCG) in the abdominal cavity. The next day,
spawning occurred and oocytes were placed into a dry Petri
dish. For sperm preparation adult males were injected with
500 IU of hCG. The next day, male frogs were anesthetized
by inhalation of ether (Sigma, St Louis, MO) to minimize the
pain, and testes were dissected. The oocytes were mixed with
fresh sperm suspension prepared by mincing of the frog
testes in a 1 x MMR solution. Subsequently, eggs sat for a
15 min and were then covered completely with 0.1 x MMR
(10 mM NaCl, 0.2 mM KCI, 0.1 mM MgSO,, 0.2 mM
CaCl,, 0.5 mM HEPES (pH 7.8), 0.0l mM EDTA). Suc-
cessful fertilization was detected a few minutes later, when

Table 1 Survival rates of B. orientalis embryos exposed to endosulfan

the eggs were oriented with the dark animal pole side up. The
healthy fertilized eggs screening performed 2 h post fertil-
ization made it possible to remove the unfertilized and
necrotic eggs. Shortly after fertilization embryos were
selected for drug treatment. Totally 600 embryos are sub-
jected to bioassay. Embryos from the same female were
randomly placed in small aquarium and exposed to varying
concentration of endosulfan (1, 5, 10, and 50 pM in
0.00005% ethanol) in 0.5 L of 0.1 x MMR solution. In the
control group, 0.00005% (v/v) ethanol was present. Exper-
iment was replicated three times. The embryos were cultured
in an incubator (MIR550, Sanyo, Japan) at 18°C for 13 days.
The test medium was changed three times a week, and dead
embryos were removed daily. Surviving embryos were fixed
in 10% neutral formaldehyde at the end of the experiment
and examined for malformations under a stereomicroscope.
Staging and patterning of abnormal development were
conducted as described by Rugh (1962). Statistical signifi-
cance was analyzed using the chi square test and Fisher’s
exact test and accepted as significant when p values were
lower than 0.05.

Results and Discussion

Following the endosulfan treatment the survival rates of
embryos were gradually decreased in a concentration
dependent manner. The survival rates of embryos follow-
ing 50 uM endosulfan treatment was significantly lower
than vehicle control at 96 h onward. At 10 uM endosulfan,
embryonic survival was significantly decreased compared
with vehicle control at 168 h onward (Table 1).

Endosulfan (uM) No. of embryos

Surviving embryos (%)

Time after fertilization (h) and developmental stage

24 48 72 96 144 168 192 312
Lb Np Tb Mr Mo Tc Tc Oc
0 120 111 101 95 92 86 86 86 86
(92.5) (84.2) (79.2) (76.7) (71.7) (71.7) (71.7) (71.7)
1 120 106 99 85 80 80 77 77 77
(88.3) (82.5) (70.8) (66.7) (66.7) (64.2) (64.2) (64.2)
5 120 102 96 86 73 68 68 65 65
(85.0) (80.0) 7L.7) (60.8) (56.7) (56.7) (54.2) (54.2)
10 120 100 98 78 68 61 56* 56* 56*
(83.3) (81.7) (65.0) (56.7) (50.8) (46.7) (46.7) (46.7)
50 120 99 92 75 60* 49% 45%%* 42%% 24%*
(82.5) (76.7) (62.5) (50.0) (40.8) (37.5) (35.0) (20.0)

Note: Lb, late blastula; Np, neural plate; Tb, tail bud; Mr, muscle response; Mo, mouth open; Tc, tail fin circulation; Oc, operculum complete

* %% Significantly different from vehicle control by Fisher’s exact test (* p < 0.05; ** p < 0.005)
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Fig. 1 Various abnormalities in
embryos and tadpoles of B.
orientalis following endosulfan
treatment: (A) Tail dysplasia,
(B) pectoral blister, (C) bent
trunk, (D) bent tail, (E) cephalic
dysplasia, (F) ventral blister,
and (G) thick set body

When exposed to endosulfan, surviving embryos
showed various developmental abnormalities including tail
dysplasia, pectoral blister, bent trunk, bent tail, cephalic
dysplasia, ventral blister, and thick-set body (Fig. 1). The
incidence of developmental abnormalities increased with
increasing concentration of endosulfan. At the end of cul-
ture the frequency of developmental abnormalities was
significantly higher in 50 pM endosulfan treated embryos
compared with that of vehicle control. The malformations
showed in order of frequency with tail dysplasia, pectoral
blister, bent trunk, bent tail, cephalic dysplasia, ventral
blister, and thick-set body. Frequency of tail dysplasia was
significantly higher than that of other malformations
(Table 2).

The frog embryo is an intact developing system, which
undergoes events comparable to those of other vertebrates,
including mammals. Amphibian embryo teratogenesis
assay is useful because they can rapidly provide informa-
tion on developmental toxicants. Following the endosulfan
treatment, the survival of B. orientalis embryos decreased
together with an increase in the developmental abnormal-
ities in a concentration dependent manner. The lowest
observed effective dose (LOED) for embryonic toxicity for
endosulfan is 10 pM in B. orientalis embryos. Similarly, in
previous studies, endosulfan was reported to have embry-
otoxic, teratogenic or growth retardation effects in some
frog species. In American toad (Bufo americanus)
embryos, 2.35 mg/L endosulfan affects the survival of
embryos following 96 h treatment (tail bud stage) (Harris
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Table 2 Frequency of abnormal embryos after endosulfan treatment

Abnormalities Endosulfan (uM)

0 1 5 10 50  Sum (%)
Tail dysplasia 12 14 11 13 29 79 (40.9)**
Pectoral blister 8 7 8 7 12 42 (21.8)
Bent trunk 0O 5 10 55 25 (12.9)
Bent tail o 2 7 65 20 (10.4)
Cephalic dysplasia 0O 0 0 o4 10 5.2)
Ventral blister 2 3 0 40 9 4.7)
Thick-set body 2 3 3 00 8 (4.1)

No. of abnormal embryos 24 34 39 41 55%* 193 (100)
(%)

No. of test embryos 120 120 120 120 120 600

* Significantly different from other malformation type by Fisher’s
exact test (p < 0.0001); ** significantly different from vehicle control
by Fisher’s exact test (p < 0.005)

et al. 2000). Consequently, our results consent with LOED
for embryonic toxicity for endosulfan in other amphibian
species. Furthermore, Australian treefrog (Liforia freyci-
neti) tadpoles exposed to 0.03 or 1.3 pg/L endosulfan grew
more slowly than control tadpoles (Broomhall and Shine
2003). In salamander (Ambystoma barbouri) 10 pg/L of
endosulfan decreased larval survival, growth rates and
larval activity and induced limb deformity and nervous
system malfunction (Rohr et al. 2003). The types of
developmental abnormalities observed were diverse in
order of frequency with tail dysplasia, pectoral blister, bent
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trunk, bent tail, cephalic dysplasia, ventral blister, and
thick-set body following embryonic exposure to endosul-
fan. This suggests that endosulfan targets multiple events in
embryonic and larval development in this frog species.
Because simultaneous exposure to multiple agricultural
chemicals is most likely unavoidable to frog embryos and
tadpoles in the contaminated aquatic habitat, it should be
emphasized that even at a no observable effect concen-
tration (NOEC) endosulfan may be harmful for embryonic
survival and development of this frog species when other
chemicals are also present in environment (Rajapakse et al.
2002). Indeed, agricultural chemical such as alachlor,
benomyl, and diuron which hampered embryonic survival
and increased developmental abnormalities in amphibians
including B. orientalis (Schuytema and Nebeker 1998;
Osano et al. 2002; Yoon et al. 2003; Kang et al. 2005).
Therefore it is tempting to speculate that endosulfan even
below at 10 uM concentration was detrimental for survival
and development of B. orientalis embryos. We suggest that
the safety guideline for endosulfan in environmental media
should be below the 10 nM, one thousandth of LOED for
embryonic survival. Furthermore, present study may pro-
vide additional clues on factors causing the decline in the
populations of amphibians in worldwide and may explain
the increased incidence of abnormalities in the natural
populations of frog species. In the near future, it should be
also studied whether parental exposure to endosulfan could
affect developmental potency of gametes or embryos in
next generation.

Acknowledgements This study was supported by grants from
Korean Research Foundation (KRF-2006-J01901).

References

Abalis IM, Eldefrawi ME, Eldefrawi AT (1986) Effects of insecti-
cides on GABA-induced chloride influx into rat brain microsacs.
J Toxicol Environ Health 18:13-23

Agrawal AK, Anand M, Zaidi NF, Seth PK (1983) Involvement of
serotonergic receptors in endosulfan neurotoxicity. Biochem
Pharmacol 32:3591-3593. doi:10.1016/0006-2952(83)90308-8

Anand M, Mehrotra S, Gopal K, Sur RN, Chandra SV (1985) Role of
neurotransmitters in endosulfan-induced aggressive behaviour in
normal and lesioned rats. Toxicol Lett 24:79-84. doi:10.1016/
0378-4274(85)90143-2

Anand M, Agrawal AK, Gopal K, Sur RN, Seth PK (1986)
Endosulfan and cholinergic (muscarinic) transmission: effect
on electroencephalograms and [*H] quinuclidinyl benzilate in
pigeon brain. Environ Res 40:421-426. doi:10.1016/S0013-
9351(86)80117-7

Broomhall S, Shine R (2003) Effects of the insecticide endosulfan and
presence of congeneric tadpoles on Australian treefrog (Litoria
freycineti) tadpoles. Arch Environ Contam Toxicol 45:221-226.
doi:10.1007/s00244-003-0172-8

Chaudhuri K, Selvaraj S, Pal AK (1999) Studies on the genotoxicol-
ogy of endosulfan in bacterial system. Mutat Res 439:63-67

Gant DB, Eldefrawi ME, Eldefrawi AT (1987) Cyclodiene insecti-
cides inhibit GABAA receptor-regulated chloride transport.
Toxicol Appl Pharmacol 88:313-321. doi:10.1016/0041-
008X(87)90206-7

Harris ML, Chora L, Bishop CA, Bogart JP (2000) Species-and age-
related differences in susceptibility to pesticide exposure for two
amphibians, Rana pipiens, and Bufo americanus. Bull Environ
Contam Toxicol 64:263-270. doi:10.1007/s001289910039

Kang HS, Gye MC, Kim MK (2005) Effects of alachlor on survival and
development of Bombina orientalis (Boulenger) embryos. Bull
Environ Contam Toxicol 74:1199-1206. doi:10.1007/s00128-
005-0708-x

Kullman SW, Matsumura F (1996) Metabolic pathways utilized by
Phanerochaete chrysosporium for degradation of the cyclodiene
pesticide endosulfan. Appl Environ Microbiol 62:593-600

Lu Y, Morimoto K, Takeshita T, Takeuchi T, Saito T (2000)
Genotoxic effects of alpha-endosulfan and beta-endosulfan on
human HepG?2 cells. Environ Health Perspect 108:559-561. doi:
10.2307/3454619

Osano O, Admiraal W, Otieno D (2002) Developmental disorders in
embryos of the frog Xenopus laevis induced by chloroacetanilide
herbicides and their degradation products. Environ Toxicol
Chem 21:375-379. doi:10.1897/1551-5028(2002)021<0375:
DDIEOT>2.0.CO;2

Pandey N, Gundevia F, Prem AS, Ray PK (1990) Studies on the
genotoxicity of endosulfan, an organochlorine insecticide, in
mammalian germ cells. Mutat Res 242:1-7. doi:10.1016/
0165-1218(90)90093-H

Rajapakse N, Silva E, Kortenkamp A (2002) Combining xenoestrogens
at levels below individual no-observed-effect concentrations
dramatically enhances steroid hormone action. Environ Health
Perspect 110:917-921

Rohr JR, Elskus AA, Shepherd BS, Crowley PH, McCarthy TM,
Niedzwiecki JH, Sager T, Sih A, Palmer BD (2003) Lethal and
sublethal effects of atrazine, carbaryl, endosulfan, and octylphe-
nol on the streamside salamander (Ambystoma barbouri).
Environ Toxicol Chem 22:2385-2392. doi:10.1897/02-528

Rugh R (1962) Experimental embryology, 3rd edn. Burgess Publish-
ing Co., Minneapolis, MN

Schuytema GS, Nebeker AV (1998) Comparative toxicity of diuron on
survival and growth of pacific treefrog, bullfrog, red-legged frog,
and African clawed frog embryos and tadpoles. Arch Environ
Contam Toxicol 34:370-376. doi:10.1007/s002449900332

Seth PK, Saidi NF, Agrawal AK, Anand M (1986) Neurotoxicity of
endosulfan in young and adult rats. Neurotoxicology 7:623-635

Singh SK, Pandey RS (1989) Gonadal toxicity of short term chronic
endosulfan exposure to male rats. Indian J Exp Biol 27:341-346

Sinha N, Narayan R, Saxena DK (1997) Effect of endosulfan on testis
of growing rats. Bull Environ Contam Toxicol 58:79-86. doi:
10.1007/s001289900303

Sinha N, Adhikari N, Saxena DK (2001) Effect of endosulfan during
fetal gonadal differentiation on spermatogenesis in rats. Environ
Toxicol Pharmacol 10:29-32. doi:10.1016/S1382-6689(01)
00066-7

Sunderam RIM, Cheng DMH, Thompson GB (1992) Toxicity of
endosulfan to native and introduced fish in Australia. Environ
Toxicol Chem 11:1469-1476. doi:10.1897/1552-8618(1992)11
[1469:TOETNA]2.0.CO;2

Yadav AS, Vashishat RK, Kakar SN (1982) Testing of Endosulfan
and Fenitrothion for genotoxicity in Saccharomyces cerevisiae.
Mutat Res 105:403—407. doi:10.1016/0165-7992(82)90184-1

Yoon CS, Jin JH, Park JH, Youn HJ, Cheong SW (2003) The
fungicide benomyl inhibits differentiation of neural tissue in the
Xenopus embryo and animal cap explants. Environ Toxicol
18:327-337. doi:10.1002/tox.10133

@ Springer


http://dx.doi.org/10.1016/0006-2952(83)90308-8
http://dx.doi.org/10.1016/0378-4274(85)90143-2
http://dx.doi.org/10.1016/0378-4274(85)90143-2
http://dx.doi.org/10.1016/S0013-9351(86)80117-7
http://dx.doi.org/10.1016/S0013-9351(86)80117-7
http://dx.doi.org/10.1007/s00244-003-0172-8
http://dx.doi.org/10.1016/0041-008X(87)90206-7
http://dx.doi.org/10.1016/0041-008X(87)90206-7
http://dx.doi.org/10.1007/s001289910039
http://dx.doi.org/10.1007/s00128-005-0708-x
http://dx.doi.org/10.1007/s00128-005-0708-x
http://dx.doi.org/10.2307/3454619
http://dx.doi.org/10.1016/0165-1218(90)90093-H
http://dx.doi.org/10.1016/0165-1218(90)90093-H
http://dx.doi.org/10.1897/02-528
http://dx.doi.org/10.1007/s002449900332
http://dx.doi.org/10.1007/s001289900303
http://dx.doi.org/10.1016/S1382-6689(01)00066-7
http://dx.doi.org/10.1016/S1382-6689(01)00066-7
http://dx.doi.org/10.1897/1552-8618(1992)11[1469:TOETNA]2.0.CO;2
http://dx.doi.org/10.1897/1552-8618(1992)11[1469:TOETNA]2.0.CO;2
http://dx.doi.org/10.1016/0165-7992(82)90184-1
http://dx.doi.org/10.1002/tox.10133

	Effects of Endosulfan on Survival and Development of Bombina orientalis (Boulenger) Embryos
	Abstract
	Materials and Methods
	Results and Discussion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


