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Summary: The enzyme and hormone disrupting capabilities of pesticides and related chemicals are
suspected to be some of the factors contributing to the decline of fish, amphibian, and reptile
populations. Globally frogs and other amphibians have been disappearing at an alarming rate. In most
cases, the cause or causes are unknown, but are assumed to result from man-made pollutants in the
aquatic environment. Some current reports haveindicated that many pesticidesin the aguatic environment
are capable of disrupting the endocrine systems of animals. Some pesticides and related chemicalsare
persistent in the environment and are accumulated in the fatty tissue of organisms and increase in
concentration as they move up through the food web. These chemicals are substances that can cause
adverse effects by interfering in some way with the body’s hormones or chemical messengers. A recent
study indicated that the atrazine effected the sexual development of frogs, even at extremely low doses.
Some pesticides reduce the cholinesterase activity of amphibians and reptiles. Some chemicals may
cause disease and reproductive failure in fish populations, because they bioaccumulate in the higher
trophic levels. Therefore, brown trout exposed to environmental pollutants have been shown to have
decreased egg size and low growth rate of the larvae.
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I ntroduction

Pesticides and related chemical sdestroy the
delicate balance between speciesthat characterizes
afunctioning ecosystem. Pesticides produce many
physiologica and biochemica changesinfreshwater
organismsby influencing the activitiesof severa
enzymes. Alterationsinthe chemical composition
of the natural aguatic environment usually affect
behavioral and physiological systems of the
inhabitants, particularly those of thefish[1].

Hormone-disrupting effectsin biotaasaresult
of chemicals are caused by a wide variety of
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mechanisms. Pesticidesand related chemicalsare
substances that can cause adverse effects by
interfering in someway with the body’shormones
or chemical messengers. These substances are
therefore called hormone disruptorsor endocrine
disruptors, asitistheendocrineglandsthat secrete
the hormones. Hormones play a crucia role in
guiding normd cdll differentiationinearly lifeforms,
and so exposureto endocrine disrupting substances
intheegg or inthewomb (mammals) can alter the
normal process of development. Lately, most
attention has been focused on estrogens; natural or
synthetic compoundsthat dlicit afeminizing effect
by binding to the cellular estrogen receptor in
organisms. Theinteraction between an estrogenic
compound and its receptor causes a number of
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reectionsand devel opment. Environmenta problems
with estrogenic compounds seem to occur primarily
intheaquatic environment, likefeminization of male
fish[2]. Adultanimascanaso beaffected, butitis
theembryonic stagesthat areespecialy vulnerable.
Exposureat thissenstivetimemay causeeffectsin
mammaian systemsthat arenot evident until later in
life, such aseffects on learning ability, behavior,
reproduction and increased susceptibility to cancer
and other diseases.

Thepesticidesand rdlaed chemicasoriginating
from human activity or agricultural farming are
discharged directly or indirectly into thereceiving
waters. The presence of these chemicalsin the
environment hasbecomeaglobd issue. Fidd studies
have shown that the reproduction, growth and
development of wildlife species, including
invertebrates, amphibians, reptiles, fish, birdsand
mammal smay have beenimpacted by chemicalsthat
interact with theendocrinesystem. Pesticidesat low
concentrationsmay act asblockersof sex hormones,
causing abnormal sexud devel opment, abnormal sex
ratios, and unusua mating behavior. Pesticidescan
alsointerferewith other hormonal processes, such
asthyroid and itsinfluence on bone devel opment
[3]. This paper reviews the adverse effects of
pesticides and related chemicals on enzyme and
hormone systemsinfish, amphibiansand reptiles.

Effectson fish

Fish species are sensitive to enzymic and
hormonedisruptors. Chronic exposuretolow levels
of pesticidesmay have amore significant effect on
fish populations than acute poisoning. Doses of
pesticidesthat are not high enoughtokill fishare
associated with subtle changes in behavior and
physology that impair both survival and reproduction
[4]. Biochemica changesinduced by pedticidal stress
lead to metabolic disturbances, inhibition of
important enzymes, retardation of growth and
reduction in the fecundity and longevity of the
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organism[5]. Liver, kidney, brainand gillsarethe
most vulnerable organs of a fish exposed to the
medium containing any typeof toxicant[6]. Thefish
show restlessness, rapid body movement,
convulsions, difficulty inrespiration, excessmucous
secretion, changein color, and lossof balancewhen
exposed to pesticides. Similar changesin behavior
are also observed in severa fishes exposed to
different pesticides[7].

The Great L akesfish are contaminated with
chlorinated organic compounds such asPCB and
dichlorodiphenyl dichloroethene, pesticidessuch as
mirex and dieldrin, and traceamountsof metalssuch
aslead and mercury [8]. Laketrout, which became
extinct in the Great Lakesin the 1950s, has been
shown to be very sensitive to dioxins and
(polychlorinated biphenyls) PCBswhen exposed as
embryos. Severd speciesof sdmonintroducedinto
the Great Lakes have severely enlarged thyroid
glands, which is strong evidence of hormone
disruption. SAmoninthe L ake Erie show avariety
of reproductive and developmental problems, for
example, early sexua devel opment and alossof the
typical malesecondary sexual characterigtics, such
asheavy protruding jawsand red coloration onthe
flanks.

Someagrochemicalscanindirectly affect fish
by interfering with their food supply or atering the
aquatic habitat, even when the concentrationsare
toolow to affect thefish directly. Other agricultura
chemicalsare capable of killing salmon and other
aguatic anima sdirectly and withinashort period of
time. For example, in 1996 the herbicide acrolein
was responsible for the death of approximately
92,000 steel-head, 114 juvenile coho salmon, 19
resident rainbow trout, and thousands of non-game
fishintheBear Creek, atributary of theRogueRiver
[3]. Severa laboratory experiments show that
sublethal concentrationsof agrochemicascan affect
many aspectsof samon biology, includinganumber
of behavioral effects[3].
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Under experimenta conditions, rainbow trout
exposed for 18-34 daysto acombination of 0.05
mg/l of theorganochlorineendosulfanand 0.5mg/l
of the organophosphate disulfoton showed changes
intheultrastructure of hepatic cells, withirregular
nuclei, and alterationsto thelysozomesand rough
endoplasmicreticulum[9]. Somepesticidessuchas
organochlorine, organophosphates and carbamates
areknown to cause morphological damageto the
fishtestis. Thesea so affect femaefishinthesame
way. They cause delayed oocyte devel opment and
inhibition of steroid hormone synthesis [10].
Experimental exposure of fish to them has been
showntodepressproteinvauesinbran, gills muscle,
kidney andliver. Inthekidney and theliver thereis
evidenceof sgnificant decreaseintheprotein content
dueto stressin éimination and also in metabolism
[11].

I nterference with endocrine hormones affects
reproduction, immunefunction, development, and
neurological functionsin several speciesof wild
animds. Infish, endocrinedisruptorsinterrupt normal
development and cause malefishto havefemale
characteristics. These outward symptoms of
developmental disruption are accompanied by
reduced fertility and even sterility in adults, aswell
aslower hatching ratesand viability of offspring.
Many studies show adirect relationship between
concentrations of pesticidesand related chemicals
in fish tissues and depressed hormone
concentrations. Disruption of the balance of
endocrine hormonesduring devel opment of young
fish can also cause defects of the skeletal system,
resultingin deformitiesand stunted growth [ 3,12].

The common pesticide synergist piperonyl
butoxideincreases carbaryl toxicity (Carbaryl isa
neurotoxic carbamate pesticide). In fish, acute
toxicity of acarbaryl- piperonyl butoxide mixture
wasover 100 timesthat of carbaryl alone[13]. In
addition, carbaryl increasesthe acutetoxicity of the
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phenoxy herbicide 2,4-D, theinsecticidesrotenone
and dieldrin (an organochlorine) aswell asthewood
preservative pentachlorophenol [14]. Sublethal
effects of the organophosphate insecticide
phenthoate are a so synergized by carbaryl infish,
resulting in AChE inhibition [15] and both
morphologica and behaviora changes[16]. While
thetoxicity of combinationsof chemicalsisrarely
studied, theability of carbaryl tointeract withalarge
number of chemical classesisstriking.

Effectson amphibians

Concern over the decline of amphibians
globally hashighlighted theimportance of usingthis
group as a bioindicator of environmental
contamination and climate change. Since 1989, there
has been a growing realization that amphibian
popul ationshave been declining at an alarming rate.
The present datashow significant declinesall over
theworld. Nearly 600 amphibian populaionsstudied
inWestern Europe show 53% declinebeginningin
the 1950s[17]. In North and South America, 54%
and 60% of the populations, respectively, have
shown significant declines. In Australiaand New
Zealand, as much as 70% of the amphibian
popul ations studied have declined. Accordingtothe
2004 IUCN Red List [18], there are 20 countries
with the highest number of threatened amphibians
(Table1). The numbersof threatened speciesare
increasinginall taxonomic groups (Table 2) dueto
environmental pollution (including pesticidesand
related chemical s), habitat destruction aswell as
climate change. During theyear 2000 and 2004, the
number of extinctionsinthefish, amphibian, reptilian,
mammalian and avian groups hasincreased further.
Thereare 338 specieswhich are considered extinct
and another 22 speciesare consdered extinctinthe
wild (Table3).
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Tablel. Amphibians are important components of
Countrieswith highest number of threatened aqueatic habitats, especialy intropicd regionsof the
amphibians[18]. world [22]. The mechanisms responsible for the
Rank Country Threatened declineof amphibian populationsincludechemical
Species pollution from pesticidesand fertilizersand global
1 Colombia 208 climate change[19]. The health of amphibianscan
2 Mexico 191 suffer from exposureto pesticides[20]. Because of
3 Ecuador 163 their semipermeabl e skin, the devel opment of eggs
4 Brazl 110 andlarvaeinwater, and the positioninthefood web,
5 China 86 amphibians are prone to adverse effects of
6 Peru 78 waterborneand airborne pollutantsin their breeding
7 Guatemda 74 and foraging habitats[21]. Pesticides may affect
8 Venezuda 68 amphibian populationsin anumber of ways[27];
9 India 66 they may kill individual amphibiansdirectly [28] or
10 CogtaRica 61 indirectly through alterations in immune or
n Madagascar 35 neurologica function[29]. Pesticidesmay aso affect
12 Honduras 33 recruitment in amphibian popul ations by disrupting
13 Panama 52 normal growth and development of theyoung or by
14 USA ol impairing adult reproduction [27]. An extensive
15 Cameroon S0 research study conducted in Quebec, Canada, shows
16 Philippines 48 that hind limb deformities are commonly observed
17 Audrdia a7 in transformed bullfrogs, green frogs, northern
18 Cuba 47 leopard frogs, and American toads[23]. Deformity
19 Hai 46 ratestendto behigher at agricultura areas, suggesting
20 Maaysa 45 that herbicidesand pesticidesarethelikely causes.
Table2.
Numbers of threatened speciesby major taxonomic group [18].
Taxonomic ~ Number of  Number of Number of Number Number
group described species threatened threatened threatened as %
species evaluated speciesin  as % of species of species
2004 described evaluated
Hsh 28,500 1,721 800 3% 46%
Amphibians 5,743 5,743 1,856 32% 32%
Reptiles 8,163 499 304 4% 61%
Mammads 5,416 4,853 1,101 20% 23%

Birds 9,917 9,917 1,213 12% 12%
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Table 3.
Numbersof extinct (EX) and extinctinthewild (EW) speciesby taxonomic groupin 2004 [18].

Taxonomicgroup Extinct (EX) Extinct inthewild (EW) Total
Fsh 81 12 93
Amphibians 34 01 35
Reptiles 21 01 22
Mammels 73 04 77
Birds 129 04 133
Total 338 22 360

Becausedeformitiesof frogsdo not dwaysoccur in
these areas, a number of other factors may be
involved, including theincidence or abundance of
certain diseasesor paradites| 24]. Fifteenamphibian
species have been designated as endangered,
threatened, or of specia concern by the Committee
onthe Statusof Endangered Wildlife Canadadueto
somethreatsincluding chemical contamination[24].

Amphibians are known to be vulnerable to
pesticidesthat are cholinesterase inhibitors[25].
Anticholinesterase pedticidesfunction by bindingwith
thisenzymeinanima sand disrupting nervoussystem
activity, usualy causing death by respiratory failure.
Decreased cholinesterase activity can indicate
exposureto some commonly used pesticidesand
can be harmful to wild animals [26]. The
anticholinesterase effects of two other pesticides,
Lambda cyhalothrin (a pyrethroid) and
monocrotophos (an organophosphate), on Rana
cyanophlyctis (Skittering frog) have been observed
intheliver, kidney and brain. About 34.6 - 46.3%,
25.08 - 57.1% and 31.64 - 50.7% of the
cholinesteraseactivitiesintheliver, kidney and brain,
respectively are reduced following exposure to
cyhalothrin. For monocrotophos treatment,
cholinesterase decreasesabout 37.7 - 57.7%, 57.5
-67.5% and 47.6 - 65.9% intheliver, kidney and

brain, respectively [38]. The effect of two
pyrethroids, Lambdacyha othrinand Permethrin, on
the cholinesterase activity of amphibian R.
cyanophlyctis and Rana tigrina have also been
compared. Thecholinesteraseactivitiesof cyhdothrin
treated frogs are decreased 34.6 - 46.3%, 25.08 -
57.1%intheliver and kidney. Permethrin treatment
decreases cholinesterase activity 23- 29% and 6.76
- 35%intheliver andkidney, respectively [39]. Tota
protein content also decreases in non-target
amphibians after pesticide treatment, indicating
pesticide-produced changes in the biochemical
systems of non-target organisms[40]. The brain
cholinesterase activity of Rana cyanophlyctis
decreasesupto 4.10 and 13.84 % under the effect
of sandaphosand 5.16 and 23.28% under the effect

of b-cypermethrin, respectively [41].

Some pesticides, herbicides, and nematocides
aredocumented to have endocrine-disrupting effects
[30]. Todate, thereareno reportslinking endocrine
dysfunctionwithamphibian maformeations. However,
it iswell established that pesticides and related
chemicascanbemgor ecological threststofishand
aquatic wildlife by diminishing productivity and
fecundity [30]. Thenorma growth and devel opment
of amphibian larvae rely on functional and
uncontaminated aguatic systems. Water sourcesare
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particularly at risk to contamination by pesticides
because of the accumulation and distribution of
contaminating substancesin sedimentsof rivers,
lakes, and ponds. Potential sources of EDCsthat
impact bodies of water include municipal sewage
[31], and agricultural runoff (pesticides and
herbicides) [32]. Thus, theEDCsthat accumulaein
aguatic systems may adversely affect amphibian
reproductive processes.

Exposure of amphibians to dimethoate,
carbofuranand chlorpyifoscandter vitamin A levels
[33] and reduce melanogenesis[34]. Carbaryl, a
short-lived carbamate that acts through
acetylcholinesteraseinhibition, may serveasamodel
chemical for neurotoxins (i.e., carbamates and
organophosphates). The effects of sublethal
concentrations are more relevant to amphibian
communitiesbecausethey may directly affect time
of and sizeto metamorphosis, or indirectly affect
surviva [35].

Some studies have reported that the tadpole
stage of Rana spp. is sensitiveto herbicides, and
varioustypesof deformitiesin thetadpolesserveas
possibleindicatorsof such sengtivity. Tadpolesare
asohighly senstiveto organochlorinepesticides, and
toxic effects of these pesticidesare evident during
metamorphosis[29], aperiod of marked endocrine
change and reduction. In Minnesota, USA, some
pesticidesor their degradation productshave been
detected inwater and sediment samplesinvery small
quantities[36]. Despitethe current documentation
of amphibian declinesand malformations, thereare
only few reportson theuse of amphibiansasmodels
for abnormalities of reproductive processes by
exposureto EDCs. In one study, theinteractions of
gonadal steroids and pesticides (DDT, DDE) on
gonoduct growth in larval tiger salamanders,
Ambystoma tigrinum, were examined [37]. The
salamanderswereimmersed in asolution of DDE,
DDT, or injected with estradiol or dihydro-
testosterone. Essentially all the compoundstested
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had some adverse effect on the gonoduct growthin
thisspeciesof sdlamanders.

Effectson reptiles

Very rapidly deteriorating status of freshwater
turtlesand tortoi sesin Southeast Asiahasresulted
inanincreasing number of these gpeciesbeing listed
asthreatenedinthe lUCN Red List; globally 42%
of turtle and tortoise species are threatened [18].
Thedeclineinthepopulation of dligator intheLake
Apopka, Florida (USA), is contaminated by
organochlorine pesticides that emanate from a
chemical spill. Here, a number of disturbing
abnormalities were recorded in hatchlings and
juveniledligators, including modificationsof enzyme
activity, concentrations of sex hormones, abnormal
ovarian morphology and unusually small phalluses
[42,43]. Becausethese chemicalsareknownto be
weak androgen receptors, the hypothesisthat the
individual and thepopulation level effectsobserved
inthealligatorsare dueto chemical disruption of
endocrinefunction seemsreasonable[44].

The common snapping turtle (Chelydra
serpentina) isthelargest freshwater turtleoccurring
in Canada. Snapping turtle eggs from the Great
L akes contain high concentrations of fat-soluble
contaminantswhich areabsorbed whilefoodisbeing
digested. Theseinclude PCBs, dioxins, furansand
organochlorine pesticides. Abnormal development,
such asincidence of unhatched eggsor deformed
animals, occursat the highest ratesinthesteswhich
are the most contaminated [45]. In addition, a
correlation between contaminated eggsand reduced
developmental successhasaso beenindicated [46].

The anticholinesterase effects of the
phytopesticide, biosa (neem based formulation), on
Indian gardenlizard (Cal otesversicolor) have been
observedinthekidney andliver. About 13.60- 18%
and 39.52 - 52.61% of the cholinesterase activities
in the kidney and liver are reduced following
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exposureto biosal [47].
Concluson

Thisreview showsthat pesticidesand related
chemicals are capable of blocking the action of
hormonesinfish, amphibiansand reptilesand causing
reproductive dysfunction and abnormal
development. They act on target tissues through
hormonereceptorsor nonreceptors, may influence
hormone secretion or its clearance from the bodly.
Inthelast years, anumber of deformed frogshave
beenfoundintheeastern USand Canada. Thecause
of massdeformitiesof transforming frogsremains
elusive, but variousfactorshave beenimplicated,
including pesticidesand related chemicas. Therole
of pesticidesand related chemicalsin amphibian
malformations may be of concern dueto the high
deformity rates associated with sites where
agricultural chemicals have been used. These
chemicalscan beamajor threat to fish, amphibians
and reptiles, and aquatic environment by diminishing
productivity and fecundity. Further research is
needed to evaluate the effectiveness of aternative
pesticidesand related chemica sto reducetheeffects
onfish, amphibianandreptilian populations. Globaly,
studiesneed to s multaneoudy consider the benefits
to both agricultural and conservation communities;
scientistsfrom both communities should provide
input to makeredistic and informed decis onsabout
the protection and conservation of aquatic
biodiversity withinagriculturd landscapes.

References

1  Radhaiah, V., Girija,M.and Rao, K.J.1987. Changes
in selected biochemical parametersin thekidney and
blood of the fish, Tilapia mossambica (Peters),
exposed to heptachlor. Bull. Environ. Contam.
Toxicol. 39:1006-1011.

2 Jobling, S.,Nolan, M ., Tyler, C.R., Brighty, G.C.
and Sumpter, J.P. 1998. Widespread sexud disruption
inwildfish. Environ. ci. Technol. 32:2498-2506.

3 Ewing, R.D. 1999. Diminishing returns: Salmon
decline and pesticides. Funded by the Oregon
Pesticide Education Network, Biotech Research and

10.

14.

16.

M. Zaheer Khan & F.C.P. Law

Consulting, Inc., Corvallis, OR. 55 pp.

Kegley, S., Neumeister, L. and Martin, T. 1999.
Ecological Impacts of Pesticides in California.
Pesticide Action Network, California, USA. pp 99.
Murty, A.S. 1986. Toxicity of Pesticidestofish. \ols.
I and1l. C.R.C PressInc. 483pp, 355pp.

Jana, S. and Bandyopadhyaya, S. 1987. Effect of
heavy metals on some biochemical parametersin
the freshwater fish Channa punctatus. Environ.
Ecol. 5:488-493.

Haider, S.and Inbaraj, M. 1986. Relative toxicity of
technical material and commercial formulation of
malathion and endosulfan to a freshwater fish,
Channa punctatus (Bloch). Ecotoxicol. Environ.
Saf. 11:347-351.

Susan, L., Schantz, S.L., Gasior, D.M., Polvergan,
E., McCaffrey, R.J., Sweeney, A.M., Humphrey,
H.E.B. and Gardiner, J.C. 2001. Impairments of
memory and learning in older adults exposed to
polychlorinated biphenylsviaconsumption of Great
Lakesfish. Environ. Health Perspect. 109:605-611.
Arnold, H., Plutra, H.J. and Braunbeck, T. 1995.
Simultaneous exposure of fish to endosulfan and
disulfoton in vivo: ultrastructure, sterological and
biochemical reactionsin hepatocytes of malerainbow
trout (Oncorhynchus mykiss). Aquat. Toxicol. 33:17-
43

Kim, D.E. 1998. Endocrinedisruptioninfish. Kluwer
Academic Publishers, London.

Tilak, K.S,, JanardhanaRao, N.H. and L akshmi, J.
1991. Effect of pesticidesmixed in different ratiosto
thefreshwater Lareo rohita. J. Ecotoxicol. Environ.
Monit.1:49-52.
Goodbred, SL ., Gilliom,R.J.,Gross, T.S., Dendow,
N.P., Bryant, W.L. and Schoeb, T.R. 1997.
Reconnaissance of 17B-estradiol, 11-ketotestos-
terone, vitellognin, and gonad histopathology in
common carp of United States streams: Potential for
contaminant-induced endocrine disruption: U.S
Geological Survey, Open-File Report, pp. 96-627.
Singh, D.K. and Agarwal, R.A. 1989. Toxicity of
piperony| butoxide-carbaryl synergism onthe snail
Lymnaea acuminata. Int. Revue ges. Hydrobiol.
74:689-699.

Statham, C.N. and L ech, J.J. 1975. Potentiation of
the acute toxicity of several pesticides and
herbicides in trout by carbaryl. Toxicol. Appl.
Pharmacol. 34:83-87.

Rao, K.R.S.S. and Rao, K .V.R. 1989. Combined action
of carbaryl and phenthoate on the sensitivity of the
acetylcholinesterase system of thefish. Ecotoxicol.
Environ. Saf. 17:12-15.

Rao, K.R.S.S. and Rao, J.C.. 1987. Independent and
combined action of carbaryl and phenthoate on



Adverse effects of pesticides and chemicals

17.

24,

snake head, Channa punctatus (Bloch). Curr. <ci.
56:331-332.

Houlahan, J., Findlary, C., Schmidt, B., Meyer, A.
and Kuzmin, S. 2000. Quantitative evidence for
global amphibian population declines. Nature
404:752-755.

Baillie, J.E.M., Hilton-Taylor, C. and Stuart, S.N.
(editors). 2004. IUCN Red List of Threatened Species.
A Global Species Assessment. IUCN, Switzerland
and Cambridge, UK, pp 191.

Lips, K.R. 1998. Decline of tropical montane
amphibian fauna. Conserv. Biol. 12:106-117.
Harfenist, A., Power, T., Clark, K.L. and Peakall,
D.B. 1989. Areview and eval uation of theamphibian
toxicological literature. Technical Report SeriesNo.
61, Canadian Wildlife Service, Ottawa..

Bishop, C.A. 1992. The effects of pesticides on
amphibians and the implications for determining
causes of declines in amphibian population.
Proceeding of aworkshop on declinesin Canadian
amphibian populations: designing a national
monitoring strategy. Canadian Wildlife Service, pp
67-70.

McDiarmid, R.W. 1992. Sandard methods for
measuring and monitoring biological diversity of
amphibians. Proceeding of aworkshop on Declines
in Canadian amphibian populations: designing a
national monitoring strategy. Canadian Wildlife
Service, pp 80-82.

Ouéllet, M., Bonin, J., Rodrigue, J., DesGranges,
J.L. and Lair, S. 1997. Hindlimb deformities
(ectromelia, ectrodactyly) infree-living anuransfrom
agricultural habitats. J. Wildl. Dis. 33:95-104.
David, S. and Seburn, C. 2000. Conservation
priorities for the amphibians and reptiles of
Canada. CARCN, 93 pp.

Wang, C. and Mur phy, S.D. 1982. Kinetic analysis
of species difference in acetylcholinesterase
sensitivity to organophosphateinsecticides. Toxicol.
Appl. Pharmacol. 66:409-419.

Catherine, H. and Gloria, M. 2000. USGSResearch
finds that contaminants may play animportant role
in California amphibian declines. US. Geological
Survey, MS119 National Center, Reston,VA,
USA .www.usgs.gov/public/press/public_affairs/
press releases/pr1338m.htmil.

Carey, C. and Bryant, C.J. 1995. Possible
interrelations among environmental toxicants,
amphibian development, and decline of amphibian
populations. Environ. Health Perspect. 103 (suppl
4):13-17.

Kirk, J.J. 1988. Western spotted frog (Rana
pretiosa) mortality following forest spraying of DDT.
Herpetol. Rev. 19:51-53

3L

40.

322

Cooke, A.S. 1971. Selective predation by newtson
frog tadpolestreated with DDT. Nature 229:275-276.
Crain,D.A. and Guillette, L.J. Jr. 1997. Endocrine-
disrupting contaminants and reproduction in
vertebratewildlife. Rev. Toxicol. 1:47-70.

Purdom, C.E.,Hardiman, PA.,Bye, V.J.,Eno,N.C.,
Tyler, C.R.and Sumpter, J.P. 1994. Estrogenic effects
of effluents from sewage treatment works. Chem.
Ecol. 8:275-285.

Grute, C. E, Gilbert, P.L. and Seeley, M .E. 1997.
Neurohysiological and behavioral changesin non-
target wildlife exposed to organophosphate and
carbamate pesticides: thermoregulation, food
consumption, and reproduction. Am. Zool. 37:369-
388.

Keshavan, R. and Deshmukh, P.B. 1984. Vitamin A
concentrations in liver and serum of frog, Rana
tigrina, treated with DDT and sevin. Indian J.
Comp. Anim. Physial. 2:32-36.

Arias, E.and Zavandlla, T. 1979. Teratogenic effects
of manganese ethylenebi sdithiocarbamate (M aneb)
on forelimb regeneration in the adult newt, Triturus
cristatus carnifes. Bull. Environ. Contam. Toxicol.
22:279-304.

Boone, M.D. and Semlitsch, R.D. 2001. Interactions
of an insecticide with larval density and predation
in experimental amphibian communities. Conserv.
Biol. 15:228-238.

Jones,PM., Thurman, E.M ., Little E.,Kersten, S,
Helgen, J. and Scribner, E.A., 1999. Pesticideand
metabolite concentrationsin sedimentsand surface
and ground water found at sites where frog
malformations are present in Minnesota [abs.]: 7th
Symposium on the Chemistry and Fate of Modern
Pesticides, Lawrence, KS, USA, September 14-16,
1999,

Clark, E.J.,Norris,D.O.and Jones, R. E. 1998.
Interactions of gonadal steroids and pesticides
(DDT, DDE) on gonaduct growth in larval tiger
salamanders, Ambystoma tigrinum. Gen. Comp.
Endocrinol. 109:94-105.

Khan,M.Z.,Maria, Z. and Fatima, F. 2003. Effect of
lambdacyhalothrin (pyrethroid) and monocrotophos
(organophosphate) on cholinesterase activity inliver,
kidney and brain of Rana cyanophlyctis. Korean J.
Biol. ci. 7:165-168.

Khan,M.Z.,Nazia, M., Fatima, F., Rahilla, T.and
Gabal, K. 2003. Comparison in the effect of lambda
cyhalothrin with permethrin on cholinesterase
activity in wildlife species Rana cyanophlyctis and
Ranatigrina (Ranidae: Amphibia). Bull. Pure. Appl.
Sci. 22A:43-49.

Khan,M.Z., Tabassum,R.,Naqvi, SN.H.,Erum, Z.,
Farhana, T.,Ahmad, | ., Fatima, F.and Khan, M .F.



323

41

2003. Effect of cypermethrin and permethrin on
cholinesterase activity and protein content in Rana
tigrina (Amphibia). Turkish J. Zool. 27: 243-246.
Khan, M.Z. and Ghazala, Y. 2005. Pesticides
dependent cholinesterase activity in the brain tissue
of Rana cyanophlyctis. J. Exp. Zoal. India 8:135-
140.

Guillette, L.J. Jr.,Gross, T.S,, Mason, G.R., M atter,
J.M ., Percival, H.F. and Woodward, A.R. 1994.
Developmental abnormalities of the gonad and
abnormal sex hormone concentrations in juvenile
alligators from contaminated and control lakes in
Florida. Environ. Health Perspect. 102:680-688.
Guillette, L.J. Jr.,Gross, T.S,, Mason, G.R., M atter,
J.M., Percival, H.F.and Woodwar d, A.R. 1999. Serum
concentration of various environmental contami-
nants and their relationship to sex steroid concen-
trations and phallus size in juvenile American
alligators. Arch. Environ. Contam. Toxicol. 36:447-
455.

Ankley, G.T. and Giesy, J.P. 1998. Endocrine

47.

M. Zaheer Khan & F.C.P. Law

disruptors in wildlife: a weight of evidence
perspective. Proceeding from Principal Processes
for Evaluating Endocrine Disruption in Wildlife.
SETAC Press, pp. 349-367.

Shirose, L., Bishop, C. and Gendron, A. 1995.
Amphibians and reptilesin Great Lakes Wetlands:
Threats and Conservation. Environment Canada,
Cataogue No. En40-222/4-1996E

Bishop, C.A., Brooks, R.J., Carey, J.H., Norstrom,
R.J. and Lean, D.R.S. 1991. The case for a cause-
effect linkage between environmental contamination
and development in eggs of the common snapping
turtle (Chelydra s. serpentina) from Ontario, Canada.
J. Toxicol. Environ. Health. 33:521-547.
Khan,M.Z.,Nagvi, SN.H.,Khan, M.F, Tabassum,
R., Ahmad, |., Fatima, F. and Tariqg, R.M. 2003.
Determination of Induced effect of phytopesticide
biosal (Neem based formulation) on cholinesterase
activity and protein content in kidney and liver of
Calotesversicolor Daudin. J. Exp. Zool. India6:175-

179.



