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ABiVRACT

Three insecticides (fenitrothion, carbaryl and lindane) were

tested for their interference with normal Xenopus laevis develppment.

At 10 mg/1, both fenitrothion and carbaryl were tératogenic whereas

lindane was notl It was propesed that the malformations caused by the °
Se— -

x

two insecticides would be relétedito a_diaruﬁtion of the cholinergic
system 1gading to abnormal development of structures derived primarily
from the mesoderm sﬁch as the heart, -and the cilrculatory and ;keletal
systems. The study showed that although fenitrothion and carbaryl have

short residual ldves, both pose developmental hazards for embryonic and

early juvenile frogs.

All three insecticides; were embryotoxic at concentrations of
10 mg/1 and higher. It was proposed that further study should Investigate
the interaction of different insecticides on the development of non-

-

tarhet organisms to determine the possibility of teratogenic effects.
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INTRODUCTION

Qutline of Study © , ) .

-+

An increasing nu&ber of xenobiotics in the aquatic environmené
have. caused a growing concern about the.effects of these chemicals on
thé survival,,reprgdgction and development of non-target fauna.

Tﬁis study has concentrated on some of the effects of three
different insecticides (Fig. 1): lindane (an organcochlorine), carbaryl _
(a carbamate), and fenitroth%on {an organophbsphate), on the emb;yonic

N
development and larval survival of Xenopus laevis, the South Afrtcan

clawed frog (Fig. 2). These compounds were chosen as representative

of three mlasses of unrelated insecticides that ave extanstwdiyusddidn
—

North America. All three are reputed to be less.toxlc than many others
in their respective groups. Their general effécts on adults are kpown

but there is little information on their effects on the embryos and

.young of most species. Xenopus ‘Jaavis were ‘chosen because they are aquatic,

do not need extensive terraria, do not require well aerated water and

‘.

are hardy animals.

In this project, six aspects were studied. The first was to estab-

1ish whether or not any or all of the insecticides tested were toxic to

either embryonic or larval frogs. The second was to establish‘ffiyﬁg:_—\\\

N

or not the chemicals altered the behavioural pattern and survival of the

*

at
kS
4
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Figure 1:

The chemlcal &tructures and a brief over-

view of the #nsecticides used in this study.

s

>



CARBARYL. (I-naphtyl N-methyicarbamate)
T e

A Y

T} . Molecular- welght: 201
OCNHCH,
‘ Solubility: 40 mg/l (HZO) .
Stal:fl.iity; : half-1ife in water is
N - .
‘{_3 one to five days
Uses: - crop protection, and
L o ' pests affecting forests, ==
: range land, livestock,
y . : pets, poultry and buildings
- - . - . ] —_\
)~ FENITROTHION (0,0-dimethyl-0=(4-nitro-m-totyl)\phosphorothioate)

I
- CHy Motecular weight: 277

: NOz Sol\ubility: 20 mg/»{ (HZO) . )
Stability: ~ = =Maif-1ife varies depend-
3. ' T ing on the acidity
_ Uses: . A prr\o/p p;otegtion,) forest

protection, control of

c disease~carrying insects

LINDANE (1,2,3,4,5,6-hexachloracyclohexane; gamma isomel

Cl :
Molecular weight:
cl Cl T &
Solubility:
Cl -Gl
U :
) Cl E;es .
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| k ‘ Juveniles. If the insecticide was found to be toxic, the question was
2 then asked as to ﬁhether'it only caused illness or interfered with the

basic developmental pattern of the animal, thuas classifying it as a
; téraiogenfl The fourth aspect was to examine morphological chgnges in
the embryos treated at different ‘dévelopmental stages to establisgh

which range of stages was the most senéitive.1b?he fifth area examined

was the actual survival through‘meiamorphosis. The final aspect was

to discern whether or not the metamorphosing individuals treated with
different insecticides were normal. All three insecticides were tested

s

in a similar way with varying emphghis. ’ *

This study was deésigned to verify or to refute tﬁe hypothesis
« «that the chemicals in question are safe for non;target aquatic verteb
brates, such as the anurans. Unlike most to%icological studies, the
emphasis has been oﬁ the deve}gpiné ung and ESE':he adults. This was

pr}marily because thé embryonic period i the most sensitive stage of
an

animal's life.

- i

ot
Different Test Systems

S »

A wide variety of different experimental approaches have been
2 ' e
utilized in studying the effects of xenobiotics on vertebrate ewbryonic .

3 . )
. development. _ . - . .
L ' z
- i
The term-teratogen was used, to describe a xenobiotic that causdd ;groas
morphological abnormalities.




/E%\ Figure 2:
- | 7+ Adult Xéﬁopus laevis 1in amplexus. Note

the relative size between the male and
* female. _ v
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‘In mammalianlgtudies, basicélly two methods are used. The toxin
is either injected or administered orally fo the mother. The oral route
is preferred bécause it mpre closely simulates a natural situation;
Defined doses can be given to the mother for a specified period which
correlates ﬁithuppeéiftcrahhrynﬂtcusuagen. “¥he-saablltyy 6faatosdin
within the matérnal system can be determined by chemical analysis of

tigsue samplfs, blood and waste products,

.' \ L\! .

Injecting the mother with a given dose avoids the problems fof
detoxification by the maternal digestive system. This second method
can be better employed to define the critical stages of development

affected by the toxin. It could also be used to indirectly define LDs5q

and ED50 levelé.

L‘The mammalian test éystem. however, is plagued by severallproblems.
It is limited to either a small sample size or great genetic diversigy.
In addition, the extra-embryonic milieu cannot be controlled, although

it can be monitored by using several analytical techniques. For this
. \ 2

—

reason, there is diffdculty in det ning both the form and quantity of

the toxin' reaching the embryo and thé exact stages that are being affetted.

In birds, either the toxin is injected into a specific region of
the embryo or the eggs are soaked in a solution containing the toxin.
In this way, thé toxic effects or the embryo are not affected by the
maternal system as in mammals. In addition to these short term studies,

Lornte
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generation studies have been done.1
a
Several factors such as séasonaléand dietary variatioﬁ, genetic
constitution of the lay;ng stock (Landaurer, 1954), length of toxin
storage before injection (Clegg, 1964), concentration of the toxin, type
of solvent used, specific gravity of the inoculum relative to the yolk
gWalker, 1967), and developmenéallage at the time of injection may exert

critical influences on the response of the embryos.

u

-

Very few studies have been done on reptiles (Mitchell and YnFemp,1973).
However, the approach is similar to that used in birds. In both systems, ™ .
the experimenter can closely regulate the quantity of toxin entering
the embryo. There is usually one injection, udlike the prolonged
exposureé used in mammalian studies. The single injection is useful
in determining the embryonic stages most sensitive to a given chemical
and can be used to directly determine LD50 and ED50 levels. However,
residues of.the toxin and/er 1its breakdown products are retained until
hatchiné. Although this method 1ig experimentally very consistent, :1it
does not duplicate the conditiong of exposure in a natural environment.

Aquatic or semi-aquatic aﬁimals,snnh as fish and amphibians, can
be examined in two ways. Either a generation studyils done, or the

embryos are placed in a given concentration of the pesticide. In the

'iﬁ“%ﬂel§Eﬁér5%ioﬁu&fﬁd&é§,uﬁhé PYSgény of trestsd individuals are
examined. These individuals may have been treated-during the develop-
mental stages or later, as adults, being exposed to a specific quantity
of the pesticide either in food or in a contaminated milieu.

\J\‘\~ .
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latter case, the pulse may be as short as 8ix hours or as long as the
developmenlal period. The two test systems complement each ofﬁér.

The first gives information on both E ; effects of the toxin on
gametogenesis and possible mutagenic agtion, while the Becond yvields
information on teratogenesis and metabolic disruptions within the embryo.
The -external development exhibited by many aquatic vertebrate genera

makes these types of studies much easier.

Regardless of the species used, the effects of a given insecticide
on vertebrate development® can be studied by placing thé_embryo in a
coﬁtaminated aquecus milieu. This can be done either directly, as with
fish and amphibians, indirectly as in the mammalian studies, or>artifi~
ciall§ as in avian and reptilian studies. With fish and amphibians,
staging and xenobiotic concentration can be more closely monitored than

in the other cases.

Role of Cholinesterases in Development

Landauer (1975 propbsed that the cholinomimetic teratogens
interfere with normal chick development either by displacing acetyl-
“choline {Ach) from its'receptors or by forming complexes with it. All
of the cholinomimetic teratogens used in his experiments have nicotinic
activity nand inhibit cholinegterage activity as do tﬁe organo-
phosphorus and carbamate insecticides. However, chemically closely

related compounds lacking these two characteristics were non-teratogenic,

-
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Cholinomimetic teratogens appear to be producing Fhéir effects on
distinct metabolic pathways. Landauer has suggested thétrthe origin of
the malformations may be traced to either a displacement of acetylcholiné
from the receptors by the cholinomimetic compounds, to complex formation

-

between the latter and Ach or to an attachment 'of the gholinomiﬁetic

compound to "spare" Ach receptors, leading to cz?petitive interference

metabolic developmental events. If competition or:f malfunctioning
of the acetylcholine-acetylcholinesterase complex are -implicated in
deviations from normal devélopment then one 1s led to question the
conclusion that Ach receptors play no role in the early events of
myogenesis (Fambrough and Rash, 19715.

Extensive work has been.done to discover tﬁe role of both acetyl-
choline and cholineéterases on.developing chick .embryocs. .Wake (1976)
fgund that intracellular eholinésterase activity in the chick muscle
increased during the formation of t®e myoneural junctibns and then
decreased rapidly. Microscopically,.he démonstrated the presence of
cholinesteraseslin the nuclear envelope, sarcoplasmigkreticulum, Golgi
complex and in large granules which appeared to be derived from the
Golgi coﬁplex. Wilson and Linkhart (1973) .showed tgét levels of plasma
cholinésterases were higher during embryonic dgvelopment and decreased,
in normal chicks, after hatching. Other studies have been done to
establish a correlation between morphological differentiation
(i.e. myogenesis, synaptogeneéis, formation of the myoneural junétions)

a

and bilochemical differentiation (Butros, 1972; Oh and Johnson; 1972 ;
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Kim and Oh, 1974; Vogel and Daniel, 1974). All except Butros strongly
implicated Ach in the chick developmental processes. Most of the studies

were done using cultured cells and not whole embryos.

Torand-Allerand (1974) also used.tissue culture (from the cere-
bellum of mouse neo-nates) to establish a relationship between the
Ach-AchE system and myelinogenesis. His work supports the concept

that the neuron may play an active role in the myelinogenetic process.

Few other mammalian studies have been done.

Little information 1s available on the role of cholinesterases
in develecping @mphibians and fish. However, the studies of Anderson
and Cbhen (1977) and Fluck (1977) indicate that the cholinesterases‘

have a similar functiom\in fish and amphibians as that found iq mice.
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Fenitrothion

Uses

Fenitrothion is an organophoahorﬁs insecticide which centains at
least 95% of the acttve ingredient 0,0—dimethyi-O&(3—methylé4—nitro—
pﬁenyl) phosphorothicate. It 1s used extensively around the world for
pest contfol on rice, whegt,‘barley, pome,.ndtcﬁs.;and stone fruits,
grapes, vegebables, coffee, tea, cotton and grasses. FenitrothioAxis
used for forest protection in Canada and in Japan for the control of

locust and grasshoppers. It is also being used to control insects of

medlcal importance.(Sumitomo publicaticn, 1978).

Fenitrothion goes by the following trade names: Sumithion((Sumitomo
Chemical Co.), Foiithion (Farbenfabriken Bayer~-AG), Accothion (Américan
Cyanamid), Agrothion, Novathion, Nuvanol, Metathion (Czechoslovakia),

Methylnitrophos (Eastern Europe), and 'Danathion (Denmark).
Environmental Stability :

Hydrolysis of fenitrothion will pfoduce p-nitrocresol and various
polar derivatives (Kovacicova et. al.? 1973). Fenitrothion does not
h&drolyze at an appreciabl? rate at 20°C in neutral to slightly alkaline
- purified water (pH%9). Zifko and_Cunningham (1974} found fenitr;thion
to be stable for 45 days in tap water (pil-&-?). As the water becomes

more alkaline, the raté of hydrolysis increases. Loss of fenitrothion
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from natural waters also involves volatilization, adsorption, photo-
lysis and microbial degradation. Fenitrothipﬁ aﬁpears to be readily
adsorbed tb the surface of so;l particles agd-is then decomposed within
32 to 64 days (Muramoto, 19§7: Yule add Duffy, 1972). The major break-
down products of fenitrothion are amino fenitrothion, nitrocresol, disethyl

fenitrothion, dimethyl phosphorothioic acid, fenitrooxon and s-methyl

fenitrothion.

Gross Effects on Adult Vertebrates

Stewart (19525 proposed tha; the accumulation of excess acetyl
cheline at certaiﬁ nerve endings throughout the*dody was responsible
for the external effects of Polsoning by organophosphorus compounds.
Lazge doses of fenitrothiqn cause the following major symptoms in
experimental mammals: salivation, dyspnoea, twitch, clonic convulsions,
bloody tears, exothalmos, ﬁrinary incontinence and piloerection (Miyamoto
et al., 1963; Namba, 1971; Yamamoto, 1972). Death in the experimental
animals was leSely cqnnected.with acetylcholinesterasge inhibition: v
All of the above symptoms are consiéered typical of acetylcholine
poisoning. R.ohli, et al. (1974) found f‘:hak fenitrothion was readily
absorbed thfgugh the skin of rats and mice, into the blood stream.
Although fenitrothion was less toxic than methyl parathion, repeated
wxposures increased the hazard. In addition to these findings, latent
behavioural changes have also been noted. Lehotzky and Ungvary (1976)

found that fenitrothion caused alterations in the conditioned avoidance
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reflex of rats. The number of conditioned responses diminished, the
latency period flengthened and the tendency towards extinction was
slowere in trained rats treated with 10 and 100 mg/kg fenitrothion.
Latent forms of behavioural abnormalities, in humans, assoclated with
organophosphorus poisoning include the following: impaired vigilamce
and peduced concentration; ?1o;ing of Information processing and
psychomotor speed; ﬁemory deficit; linguistic disturbgnce; depression;
anxiety and irritability (Levin and Rednitzky, 1976). There -'are no

4

conclusive studfas on the long term effects of fenitrothion on human

€

behaviour.

Forest studies indicate that fenitrothion causes éffects, in some
birds and spphibians, ranging from mild intoxication to death within
48 hours from the time of -spraying (Pearce, 1968; Morgan, 1968; Pearce

and Teeple, 1969).

Coppage and Braidech (1976)\Qfasured levels of brain AchE to
determine the combi%gd poisonidg pozgntial of "different compounds in
fresh;ater fish. Atlaﬁfic salmon treated with 1 ppm fenitrothion for
16 hours showed a decrease in‘brain AchE levels and a 50% decrease in
the number of territorial holdings. six days after treatment. Severely
affected fish swam stiffly and ceased feeding. Treatment®ith 0.1 ppm
fenitrothion caused a 20% reduction in territorial holdings. It appears
that the ereduction in AchE activity'could have subsequent deleterious

effects on the wild population (Hatfield and Riche, 1970; Symons, 1973).

oy
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Effects on Embryos

LY

N

LiFtle information~}s available on the eff?cts of fenitrothion on
developing vertebrates. The SumitongCompany (1878) reports that this-
pesticide is neither teratogenic nor mutagenic in several mammalign
species {(not specified). No effqct on reproduction was observed in th
their 3-generation study. Additioral information on toxlcity in fetal

-
rats was added by Kanoh (1978). Neitiher study showed any teratological
effects. No information was available on the effects on development in
the remaining‘vertebrate classes.

No direct teratological effects were seen in insect or decapod
studies (McLeége, 1974; Kapoor et. al., 1975; McLeese, 1976; Tanton and
Khan, 1978). However, these studies showed a higher mortality among
the younger larvae, growth retardation (thought to be caused by poor
food utilization) and adverse effects on longevity, fecundity and

fertility of ‘the adults reared from treated larvae.

Carbaryl

Uses '
M . \
*Carbaryl is the common name for the active ingredient {1=naphthyl
N-methylcarbamate) of the ingecticide Sevin, a trademark of Union

Carbide Corporation. It is a low hazard, moderately residual co?tact_

and stomach poison avallable as a 50%.wettable powder, 80% or 8%?

|

i
)

£y
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sprayable powder, 5% or lOZ granule, 2% to 10% dustT 52 bait and

several other formulations (Kuhr and Darough, 1976). Ztyl 1s the -

most widely used of the carbamate insectidides (Sabhar;;;‘:}d Lockard,

>

1978). 1In banada, carbaryl is used to control leafhopﬁef nymphs on
grapes._stfawberry weevils, aphids and le;fhoppers on many vegetable
crops, the European corn borer in sweet corn ‘and peppers and leaf-
miners on white birch (Morley, i978). Elsewhere, it is used to )
control insect infestations in over one hundred different food,afidber
and forage crops. In addition, carbaryl ié applied to forests, range
land, livestbck, pets, poultry and buildings. Carbaryl is thought to
present arminimum hazard to many non~target organisms such as farm

animals, bird, fish and pets with one of the main exceptions being

honey bees (Kuhr and Dorough; 1976),
Envétonmental Stability and Mode of Action f?

Carbaryl has an average half-l1ife of 3 to 4 days on foliage, 7 to
9 days in so0il and 1 to 5 days in water. Like most carbamates, carbaryl

is rapidly degraded under alkaline conditions @bx and Dorough, 1976). ‘H‘\\J,-

Like the organcphosphorus insecticldes, carbamates inhibit acetyl-
cholinesterase by acting as analogs to the normal substrate. This
inhibitory effect is thought to:.be cauged by'the relatively -long 1ife
of the carbamylated enzyme compared with that of the acetylated enzyme.

of the physiological reaction. The reaction .of acetylcholinesterase (EH)
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with an inhibitor (AB); where A is the carbamylating group and B ig

The leaving group, may be written as follows (Corbett, 1974):

EH+AB =2= EH ABTEAj‘f*EH + AOH

\

More laformation on the kinetics involved in the reactdon between

- ,{’)

:carbamates and acetylcholinesterase has been provided by Watts and

-

Wilkinson (1977) and by Abdel-Asl (1977).

Studies on rats have shown that carbaryl marginally inhibits

. monecyte esterase activity and has a non—épecific hydrophobic bonding

to macromolecules in the blood (Lee and Waters, 1977; Skalsky and

Guthrie, 1977)., 1It is possible that xenobilotics attached t6 lipoproteins ,
could ente}‘a cell by pinocytosis and then dissocilate from the carrier
molecule. A further study by Pipy et. al. (1978) indicates a dmfinite
relationship between the phagocytic inhibition of the reticuloendothelial
system and the anticholinesterase activity of carbaryl. In addition,
carbaryl has been shown to bind to heptatic microsomes and is thdhght

to interfere with NAD biosyntheses (Moscionl et. al., 1977;-Miller et. a.

al. 1979).
Gross Effects on Adult Vertebrates

The external symptoms of carbaryl polsoning in vertebrates are tgﬁ\\

gsame as those following polsoning with other antt-acetylcholinesterases.
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These are salivation, dyspnoea, twitch, convulsions, exothalmos, para-

'lysis} and death. In addition, carbaryl tends to reduce tﬂe water

- drive {Sideroff ‘and §ént01ucito, 1972). In quall, carbaryl caused a

reduction in fecundity but not-feréility.. There waé-also a reversal of
the female-male behaviour patterns with females displaying more agonistic
behaviour following carbaryl injestion(DeRosa, 1976). Bursian and

'Edgns (1977),found that carbaryl fed to Jgpanese quail over a period of‘
14 weeks resulted in decreased body weight, and incrtased relative |
brain, livefcéud kidney welghts in ome or both éexes at levels of 900
ppu or higher. However, no gignificant differences weré found in the

p N
progeny. A study on mice has shown a correlation between cholinesterase

-

inhibitioﬁ and temperéfure decreases in animals treated with carbaryl.
This loss of thermoregulation in carbaryl treated mice could be reduced
by atropi e\it both high and low temperatures (Akdaya et. al., 1976).
Rats and/perbils fed e#cessive amougts of carbaryl showed decreases in

1itter size, number of liveborn progeny and the numbers weaned (Collins

et. al.x7l97l).

N

’Effe%@ on Vertebrate Embryos

Congenital malformations in duék and chicken embryos tréated‘with
carbaryl have been reported by Marliac (1964), Marliac et. al. (1965),
;nd Ghadire and Greenwood {1966). Fur&her study by Liliie (1973) shcwed
that carbaryl suppressed érowth in' leghorn chicks, irrespective of the

maternal diet. e ’ g

Madhalian studies show a wide varlety of ef*ts. Carbaryl appeared
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to be znon—teﬂatogenic in pigs, rabbits, or hamsters but was teratogenic

- e
a

in dSEs and |[guinea pigs (Robens et. al.,41969; Smalley et. al., 1969;
Smalley eti als, 1968). j\\\\ -

< - L

In fi h( studies have been done using the Atlantic silverside,
killifish and medaka: Circulatory proBlems arcgse 1in all three, but
skeletal malfofmations were‘rare. In additior, several of the Atlant
8llverside embryos showed a partial convergence of the e}e éups, with
the optic cups being directed ventraily rather than laterally. Tr
cyclopia was rare. (Wels and Weis, 1974; Weis and Weis, 1976; Solombon

and Weis, 1979).

There appears to be no information available on the effects of

carbaryl on either the developing reptiles or amphibians.

Lindane . . . . ‘ 4

Uses and Chemical Properties

Lindane 1is the coﬁmon name approved#byrhhe:Intprhation&lSSuaﬂdxﬁds
Organization.for formulations containing at least 99% of the }f*iaomgf
of 1,2,3,4,5,6-hexachlorocyclohexane (BHC). It i8' also known as'Aficide;
Agrisol, G-20, Aérocide, Aparasin, Aphtiria, Ben-Hex, Bexol, Detox 25,
ENT 7,796, gamma BHC3 gammahexa, gamma-hexane, gamma lindane: Gexane,

Hexachloran, Hexachlorane, Jacutin, Kwell, Lorexane, Streunes, and

Tri-6. (IARC, 1974).
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Lindane is a colourless crystalline solid Hgving a helting point
o; 112:5°C, a molecular weight of 290.9. It is very soluble in chloro- .
form,_ethanol, acetone, ether and benzene, and has a‘solubility of 10 mg/l
in wdter. The ¥ -isomer of BHC can be dechlorinated By alkalis to form
1,2,&-tr;chlorohexane as the Qain breakdown product (IARC, 1574). Like
other.orgauoch&orines, lindane is very ;table in the environment
(Oloffs et. al., 1972). Chadwick and Freal (1972) found the following
breakdown prﬁducts in the urine of rats fed 400 ppm ){—BHC; 3,4 dichloro- |
phenol,. 2,4,6-trichlorophenol, 2,3,4,5, and 2,3,4,6-tetrachlorophenol

and 2,3,4,5,6 pentachloro-2-cyclohegen-1-ol.

\

Lindane is presently being used in Canada in the following wqyé:
pre-treatment of vegetable and wheat seeds, control of the flea beetle, )
and as a prevéntion of tick paralysis in cattle {Morley, 1978).

o
Effect on Vertebrates ) q

Lindaﬁe poisoning is characterized by ataxia, convulsions and
eventual paralysis (Beaument et. al., 1971). Joy (1976) found that
linda;e is directly toxic to the mammalian central nervous system and

_does not need to be metabolized to an active fofn. It has a slightly
greater ihhib;toxy effect on the Na - K ATPases ghan on the Mg - ATPases,
an effect .opposite to that of DDT, chlordane, aldrin and dieldrén.

This inhibition of the _ATPases could account; in part, for the observed

toxic effects because of interference with cation transport (Kanh,”1969).
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In addition, lindane has been shown to cause an increase in levels of
ammonia aud.giutamine in the brains of rats and cockerels. In both
cases, there was a direct correlation between the intensity of the ¢
convulsions and the incréased levels of brain ammonia (ét. Omer, 1971).
Further study has also shown that lindane caused destruction of rat -
brain cell processes which included vacudlization and swelling of the

cell body (Offner et. al.;j1973).

' Few studies are available on the effects of lindane on other
vertebrate classes.* Schwarz and Kaschowitz (2968) showed that lindane
had a slowing effect on the Process of irritation in the frog retina.

However, there is a dirth of iaformation on the remaining areas.

Xenopus -~ an experimental tool

Xenogﬁs (figure 2) has been used for laborétory research for over
thirtjrfive years (Deuchar, 1975, page v). Coming éroﬁ a semi-tropical
region, it has a more adaptable bfeeding season than frogs of temperate _
zones and responds well to injections of gonadotropic horm;nes at
most times of the year. The I'females are able.to produce several
hundred eggs d;ring a single mating. Being»totally aqu;tic, Xenopus-
can be maintained in a simple aquarium. The frogs have a largé temb—
erature range, having been successfully reared to-the end of metamor-
phosis at both 15°C and>30°C,without the water being aerated. This
could,,in part, be accounted for because the lungs develop veryAearly

in la. .7 4=



7

~22- J

in larval life (stage 32)1 and thus the larvae are not dependent on
their gills for respiration, as are ﬁish. Unlike many freshwater
organisms, Xenopus can withstand salinities ranging from freshwater

to forty percent seawater (Mumnsey, 1972).

The stages in Xenopus development have been studied in detail
(Nieukoop and Faber, 1956). Xenopus have been used quite widely in
both developmental and neurological séhdies. This large amount of
information available on both the normsl physiddogy and devglopment of
Xenopug makes it a good cholce for toxicological studies. Normal devi-
ations can be observed as such and the actual effects of the toxin ﬁoted.

.

Anuran Pesticide Studies

-

Althouéh frogs have been used extensively in biological research,
there have been relatively few studies done on the effects of inseét— )
icides on their behaviour, physid&quunrEﬁioéhéﬁisc%y, Such aspects ;p
should be considered to determine.the desirability of a particular
pesticide, espigially in areas where anurans play an importgnt agrien

cultural role.

The majority of the studies that have been done on frogs have
concentrated on the organochlorines, especially DDT. As early as 1952,
1t was reportéﬁlthat DDT caused mortality among both frogs and tadpoles

. (CWS - report, 1952). This group of insecticides has been found to

Y
a paired lung anlage. is clearly visible by this stage.
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cause egg spoilage in Rana temporaria (Fryer, 1973) and hyperemia of the

internal organs, cytolysis, abnormal pégmentation and behavioural changes
in tadboles of the same species (Jordan et. al., 1977). Younger -
tadpoles appeared to be more resistant to poiédning than older ones,
suggesting a definite stage semsitivity. Both the common frog aﬁd toad
tadpoles (genera not specified) appeared to be the most susceptible
elther just before, or just after the ﬁind limbs developed (Cooke, 1972;
Jordan et. al., 1977). DD? simultaneoudly increased the level of
activity in tadpoles, and caused a lack of response to external stimuli,
leading to a higher pPredation rate by smooth newts (Cooke, 1971).

Licht (1976) found that DDT was stored in the tissues of the tadpoles,
then released-dufing metamorphosis, causing the same bkhavicural abnor-

malities as those observed by Cooke. DDT had a(pegative temperature

- coefficient of activity in the sense organs of Xenopus laevis

(Bercken, 1973). This.could be a direct result of the changes in
permeability properties that DDT causes in mylinated nerve fibers of
both Xenopus and Rana ( Bercken et, al., 1973a; Arhenm et, al., 1974).
Both DDT and dieldrin or their metabolites affect the sodium channels.
of the membranes of myelinated fibers in ghe nodes of Ranvier {Bercken,
1969; Akkermams et. al., 1975). This causes an increase in the duration
of the action potential which may be responsible for some of the effects

of DDT and dééldrin on the mechanical response of skeletal muscles

after treatment (Berckewand Akkermans, 1971).

When the org osphates and carbamateg began to replace the

organochlorimes, the concern about their effect on non-target organisms
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increased." Kaﬁian and ‘Glazenski (1965) found that several organo-
phosphates caﬁsed a reduc;ion ;qf lymphocytes and neutrophiles in Rana
pipiens. They also caused motor paralysis resulting in a loss of
posture and rigiting reflexes. Johnson and Price (1976) found that
organophosphézj:tnot only reduced activity but alse 1oweréd the thermal
tolerénce of Bufo boreas when concentrations fifgy percent less than
those used in the field were applied. However, Pearce and Teeple (1969)

stated that Sumithion (fenitfotbion) had no detrimental effects on

adult toads and frops (genera not specified).

0f the carbamates studied, all caused some effect in anurans.

Carbaryl was found to inhibit acetylcholinesterase in tadpole brain

‘tissuee at concentrations as low as 1 x 10"6 moles (Perevoschenko, 1975).

Rick and Price (1976) reported a high mortality among _tadpoles after
their test pond was sprayed with elithBr:matacidror.zeectran. i.In-iadditdon,
Prahlad and Anderson (1975) reported that diquat and nabam (1 - 2 ppm)

caused stunting, wavy notochords, disrupted myomeres' and myocommata

‘in Xenopus laevis embryos.

Tht additieh, many pesticide studies have been done by‘both the;
Canadian and American goverments. Sampling was done immediately after
an area was sprayed with an insecticide. In these reports, dead frogs
or toads were collected and classified according to species. The tissues
wvere sampleq to Qetermine the pesticide level in the animal. These
studies did not deal with sub—lethai effects or the effects of a prolonged
exposare of the organism to the insecticide oreits metabolites in the

environment.
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A
MATERIALS AND METHODS

Care and Maintenance of Adults

Mature Xenopus were obtained from C.W. Fletcher ( Hempsﬁead,
Mary;and ), the Amphibian Facility, University of Michigan ( Ann Arbor,
Michigan ) and Nasco ( Guelph, Ontario ). Adults from the latter two
sources had been reared in the laboratiories, whereas those from C. W:
Fletther had been imported from South Afrtéaa. All were maintained in
accordance with the principles of "Care of Experimental Animals = A
Guidg for Canéda" ( published by the Canadian Cooncil on Animal Care ).
Embryos were obtained by injecting the adults with human chorionic
gonadotropin ( Gurdon, 1967)),. The adults were mated no more than once
e?ery two months. ‘

Source of Supplies‘

Lindane ( 25% gamma hexachlorecyclohexane [BEC], MC of Canada, Ltds,
Agriculture Chemical Division, Burlington, Ontario ) nénd sevin ( a liquid
suspension of 4.2 1b. carbaryl per gallon, Chdpman Chemicals Ltd.,

Stoney Creek, Ontario ) were obtained from a local feed store. Fenitro-
thion ( 97.1% pure sumithdon, technical grade, Sumitomo Cag;ical Company,
]

Osaka, Japan ) was obtained from Dr. Pearl Welnberger. Techaical grade

carbaryl " .was obtained from the Deparment of Agriculture, Ottawa, Ontario.

T

~
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Treatment of Juveniles

Newly hatched juveniles were treated for 24 hours with concent-—
rations of one of the pesticides ranging from 0.01 to 100 milligrams
per liter. Animals were kept in the dark at either 18°C or 25°C. All
were maintained at a pH of 6.8 - 7,2. After treatment, they were washed
for 10 to 15 minutes in continuously flowing dechlorinated tapwater.
Afterwards,thhy were examined for physical and behavioural abnormalities

and placed in clean dechlorinated tap water,

Treatment of Embryos

Embryosl

were sorted into groups of approximately the same age
( staging according to Nieukobp and Faber, 1956 )} and treated the same
as the juveniles, but ét different stages. In addition, some embryos

were treated for 12 and 36 hours with 10 mg/l fenitrothion and fou

36 hours with 10 mg/l carbaryl.

Care After Treatment

Both treated and control groups were raised at either 18°C or at
25°C depending on their treatment. The rearing bowls contained three
titers each of 25% modified Holtfreter's solution. The modified solution

contained 3.46 g NaCl, 200 mg MgSOA, 200mg NaHCO,_, 100 mg CaClz, and

3,

L
One hundred embrycs have an approximate wet welght of 400 milligrams.
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50 .mg KCI1 per liter of dechlorinated tap water. They were fed a commer-
cially prepared Xenopus foed. (Nasco). Nuﬁbers differed from bowl to
bowl due to differential die-off. At the onset of metamorphosis,

they were divided into dmaller groups, 1f necessary, and fully metamor-
phoséd individuals were removed, examined and abnormalities, if any,

were noted.

Description of Embryos

External

Embrios were raised ato stage 37 (hatching) and then examined.
They were divided into six typas according to the degree of visible
abnormality. These were as follows:

-1 - treated individuals that looked identical to the controls

2 - small localized edema(8) and/or the tail was bent vente
rally. All other features appeared normal.

3 - edematous regions appeared larger, yolk was sometimes
reduced, backs and/orﬁsfils were slightly curved or bent
ventrally. All other features appeared normal.

4 - the entire body appeared mild}y edematous, the backs had
a marked curvature and outgrouths of tissue werepresent
on the ventral surface. The hgad was distinct, of
normal size, but often irregular in shape.

5 - the main body region was éylindrical and not flatteéed

laterally as in the controls. Dorsal and ventral regions
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were difficult to distinguish. The head was elther
reduced and irregular or absent. There were numerous
irregular tissue outgrowths.

6 - animals that died befo;e stagé 37.

From each of these classes, a group was randomly selected and the fol-
lowing external parameters were measured {(in mm): total length, head—cloac;
length,'body Qidth (dorsal-ventral), head slze, edema type, and pigment-
ation type. The lengths were used to determine ratios for the overall
body proportions. This in turn would indicate whether a given embryos
was small for it's stage or if it did not have a normal body shape.l
The head size ratia dorsal—ventral:anterior—posterior was consistently
near 1:1 in the controls. Noticeable variations in this ratio would
indicate gross structural changes in the head.

Edemas were classified into five types as follows: l-no edema,
2-one or two semll loecadized edemas, 3-more than two 1ocaiized edemas,

4-mild general edema, 5-gross general edema. This was used to Indicate

' 7
possible circulatory failure and/or illness.

Pigmentation was divided into four types-aé follows: i—almost
solid black on the dorsal surface, 2-predominantly black but with a

few light patches, 3-very little pigmentation on the dorsal surface,

1

normal body proportions were, head-cloaca:overall length  1:2
head~cloaca:body width ‘ 212
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4-no pigmentation except in the eyes. It was haped that the amount of
pigmentation could be used to give a rapid indication of hormonal changes

such as alterations in MSH levels.

Internal

After sectioning and staining, the embryos were examined for the
following: Brain shape, eye proportions, otic vesicle proportions, the
number of cranial nerves present, shape of the -spinal cord, shape of
the notochord, heart size, pronephros size, internal edema ﬁype and the
degree of lysing of the yolk cells. The first six parameters were used
as indicattrs of alterations in thé nervous system. The laé% four
yielded information on the circulatory system, water regulation and the

availability of food to the embryo.

The spinal cord and notochord were divided into five types as
follows: 1-straight with no ccculslons, 2-straight with small occul-
sions, 3-wavy with no occulsions, 4-wavy with some occulsions, 5-totally
occulded.

The internal edemas were classified into six types as follows:
l-absent, - 2-one localized edema: 3rtwo or more small, clear edematcus
regions, 4-large clear edematous regions, 5-mild general edema cont-

aining a few cells, 6-severe general edema.

b

The yolk was divided into three types according to the degree of
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abnormal lysing present: l-normal yolk, 2-small scattered regions of

lysing, 3-large regions of abnormal lysing.

The heart was classified into five types: l-normal, 2-normal but
reduced in size, 3-reglons of the heart not clearly differentiated,

4-a mass of tissue contained within the pericardium, 5~Ahkent.

-

_Description of Juveniles

Behaviour

During the test period the juveniles were examined every three
hours and changes. in their swimming patterns weré noted.
These were divided into six types as follows: O-deéd, l-moribund but
with ﬁhe heart still beating, 2-individuals are not swimming but are
wiggling at the bottom of the'bowl, 3-individuals do not respond to the
glass beiné tapped and swim in an uncsordinated pattern for four to
five millimeters, 4-individuals are ggpable of swimming across the bowl,
in a very jerky pattern, and they swim away from tany point where the

p Y )
glass is being tapped, 5-normal behavi:ur with no signs of intoxication.

External Changes
ki
Changes in pigmentation were classified according to the types
!

listed in the embryo section. Other changes, such as bent tails,

were also noted.
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Higtology and Staining

»

s

Embryos'were fixed with Smith's solution and preserved in 4%
formalin., Juvenlles were preserved in Bouin's fixative for histo-
logical purposes; or in 10% formalin for cartilage andbohene staining
(Wassersug, 1976)." All histologicallsections were stained with hema-
toxylin and phenol orange. -

-

Live specimens were anesthetized with tricaine methane sulfonate

(MS-222, Ségma Chemical Co., S8t. Louis, Missouri) for photography.
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RESULTS ’ .
Fenitrothion : ‘}

Embryo- Treatmeg;

7~

‘ Embryos treated QI?B fenitrothtion for 24 hours after gastru-

lation were more sensitive to low concent;ations at higher incubation
temperatures (Fig. 3). However, the embryos also develop more rapidly

at the higher temperatures, and are consequently exposed to the fenitro-
}hion over a wider range of developmental stages. When embryos raised -
at 25°C and 30°Cl were exposed for.the same developmentél period

( stages 14-25) as those raised ag);8°c, the sensitivity at different
concentratioﬁs of feniﬁ?bthion was found to be essentiallyathé same,

A

At low concéntrations of fenitrothion, ébiﬁ;malities; if any,

L

were minor ( types 1 and 2 )} However, as thé concentration was
increased, a point was reached where most of the.embryos still (urvived-
to hatching, but a majority were moderately to severly abnormal (Fig. §). .

At still higher concentratiens, most did not survive.

When embryos were pulsed for six hours ( 3 to 5 stages ), they

were found to be most sensitive around gastrulation (Fig. 5). Overall

“

a~ P

1Embryos were guccessfully reared at 30°C from the early stages of
development through to the end of metamorphosis.,

K
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surviv;1 was 16west in thé stage 11 59 15 group but more severe
abnormalities wer 'seen in the stage § tolll rgroup. 'Most. of bhe: sevetely
abnormal embryos, -obtained afFer treatment during the early embryonic
stages, did not survive long after hacchmngi(gfgluﬁ)L\v

An ;xamination of the éxternal features of the different types
(Fig. 8) showeq a minimum decrease of‘20% in toég}djfngth compared ;o
the controls (Fig: 7). %he body width was similar to that of the controls
in’afdlgi;ups (table 1). Ahnormal head shapes were observed only in
type§ 4 and 5. Severity of the edemaFoﬁs_regions generally increased

~3 B
wikh the severity of the abnormality. —

The internal"%tnucture§ (tabies 2a and 2b ); of emb}yos that appeared
normal (type 1) were the normai shape for :the stage .but smaller ;han
the controls. F;r the other tysz, the degree of size variation from
the control varied with. the sg;ucture being examined. The brain was

reduced in types 2 to 4 and;%fsent in many of type 5. The shape of the
brain was normal in types 1 to 3 and grossly distorted in type 4.

The number of cramdai’ nerves remained ffhstant except‘in types A and55.
The otic vesicle was regulﬁ;i{lshaped vhen present. Eye shape was

relatively constant in types 1 to 3. Both the notochord and the

\

1 L4

The data in both tables was obtained from animals treated before
gastrulation. However, similar trends appeared in individuals exam-
itned that had been treated after gastrulakion. Type descriptions
remained constant regardless of the stage(g) during treatment.

>
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-

spinal cord were wayy in many embryos in types'3 to 5 and the sﬁinal

L g

cord was totally occiuded in some regions of severely affected embryos.
Heart size was reduced in all types and the overall heart structure
was altered in types 2 to 5.1 1n contrast, the size of the prohephros

increased in types 2 to 5.but fluid accumiilation was a major problem
£ )
4o,

in typés 3 to 5.

. -

After examination, the juveniles were raised to metamorphosis.

- 'The time between hatching and completion of metamorphosis ranged from

cne to three months depending on the temperature. There were individual
differences in developmental rates but no overall differences between
the rateg. of the control and treated groups. Feeding began during the
first week‘post—hatching. Those Tndividuals incapable of feeding died
during this period. - Individuals that‘survivéd usually completed meta-
morphosis. There was a great diversity of indiviépal si;e in the newly
metamor?hosed frogle;%; Those raised at 18°C were generally larger
than those raised at 30°C. There was no difference between the control
and treated groups at a given temperature. The treated groups did not
appeardfore susceptible to bacterial an} fungal infections than the
coé?fol’group.
. L
On two occassjons, some of the juveniles that had been treated

near hatching failed to develop limbs or parts of limbs (Fig. 9). As

metamorphosis progressed, all of these individuals bloated and died.

.

b

T T I
%

lSee Materials and Methods section for descriptions of heart types,

- ’
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The digestive tract g%ntaiued no food but .the stomachs were fluid
filled and distended. This phenomena did'not'appear in the control

groups at these times nor did it appear 1in other treatment groups.

However,. it has appearedronce in an untreated'group in our 1sb.

. o
Juvenile Treatment

1

Juveniles were treated at 25°C fbr 24 hours ( stage.43 to 47 ) at
10, 1.0 and 0.1 mg/1l. After three hours, the.behaviour of all three
groups“waé affected to some extent (Fig. 10); After 18 hours, all the
juveniles in the 10 mg/1 solution had died. 1In uthe other two gfohps,
the ihehaviour;l pattern ;tabilized between nine and fifteen hourq and
normal swimming Patterns.returned within a few hours after they were
removed from thg fenitrothion solution. At the end of the treatment
period, those treated with 1.0 mg/1 appeared less pigmented than thoée
treated with Oﬁilmgfl.. However, normal pigmentation returnpgd: within
24 hours. Both groups were examined again at\sﬁage 53. Ninty-four
percent of those treated at: 0.1 mg/l and 92% of those t;eated with
1.0 mg/1 survived and éeveloped normally to this peint, ‘Some individual.
developed severe edeﬁa and died within a few days. Those remaining -

survived and completed metamorphosis normally.

All the ‘juveniles treated with either 1.0 mg/1 or 8.& mg/l for
- 36 and 48 hours survived the treatﬁfnt period and appeared to return
to normal after they were removed fvomrthe fenitrothion solution.

However, all died within a two week period.



Figure 3:

The effect of different toncentrations of fenitro-
thion on Xenopus embryos ‘treated for 24 hours post-
gastrulglion c(Btage 14). At 18°c () the embryos
had reached stage 25 by the end of the treatment
period. At 25°C (@ ) and 30°C (& ) they had .
reached. stages 30 and 36 respectively. The number
of normal embryos (—=) and the number of sur-

viving (-=-+) were agsessed at hatching (stage 37)

for all the groups. =~ . P
c ¢
EC50 at 18°C was 7.1 ped 1 Con
252€ was 0.33 mg/1

3p°C was 0.23 mg/1

-

Kijiiff

/

y

&
[

( 1mg/l = 3.6uM fenitrothion )

I are 95% confidence iﬁterﬁls.
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Figure &4:|
The fect of varlous concentrations of fenitr6é-
thion 'on Xenopus embryos treated from stage 14 to
25 at 18°C, Similar results were obstained when

" embryos were treated over the same range at 25°C
and 30°C. ‘
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Figure 5:
Occurrance of different types of ébnormalities
in embryos treated with 10 mg/1 fenitrothion
at 25°C. (Data was pooled from three different
experiments and examined at hatching [stage 37-38].

Types four and five were combined.)
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Figure 6:

The effect.of fenitr on the\total survival of
juveniles treated during different stages of embryonic
development. All embryos were treated in a 10 mg/l
solution. Survival ( as a percentage cf the original
number of embryos treated)) was evaluated one week

after hatching.

represents 95% confidence ‘intervals
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Figure 7: ]
Embryos from the control group at stage 39.
4 represents a normal control. B represents
a natural abnormality which. occurred
infrequently. When present, they formed only
3% .0of the total number of hatched juveniles.
However, the "normal" siblings in these
spawilngs were . not ag hardy as juveniles

from spawnings where thése did not occur. (7
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Key to phot&grabhs of hatching ( stage 37-38 ) embryos.
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has small localized edemas and/or the tail
is bent ventrally

larger edematous regions: backs and/on
tails curved or bent ventrally

general mild edema, back curved, head

irregular in shape, ventral outgrowths
pf tissue

prossly distorted bodies, heads irregular
or abgent, irregular tissue outgreouths.

ead

p
d into five types as follows: l-no edema, 2¢one or

demas, 3-more than twe localized edemas, 4-general

1 edemas w\\\

cord and notochord were divided into fiie
traight with no occulsions,‘Z-straight w

h
sions, 3-wavy with no occulsions, 4-wavy{\
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l-absent, 2-one localized edema, 3-two
11 edemas, 4-large edematous reglons,
ral edema, 6-severe general edema.
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of lysing present: l-normal yolk, 2~small
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Figure 8:

Embryos from groups expog
sents type ], B type 2,

and F type 5. Type-descy
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Figure 8: ‘
Embryos from -groups exposed to fenitrothion. A repre-
sents type }, B type 2, «C type 3, D type 4, and E
and F type 5. Type descriptions were constant regard-

less of the stage that the embryos were treated at.
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Figure 9:
Froglets that had been treated with fenitrothion near
hatching and then developed edema and falled to develop
] all their limbs during metamorphosis. Arrows indicate

the location of missing limbs.
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Flgure 10:

The response of juveniles treated for 24 hours at 25°C
with different concentrations of‘fenttrothion. Treat- . \_\
ment began at stage 43 and erdded at stage 46. Degrees
of activity of response are outlined in the Materials

and Methods.

o control
| 0.1 mg/1 .
(o] 1.0 mg/1
‘ A 10 me/1
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Carbaryl

Embryo: Treatment

Ehryos were treated with carbaryl for 24 hours post gastru-
lation (stages 16 to 37) at 18°C. The ECSO_was approximately 0.9 mg/1
(Fig. 11) compared to 7.1 nmg/l for fenitrothion. - Howéver,.only minor
abnormalities gtype 2) occurred in embryos treated with 1.0 mg/l or less.
At lOﬁg/l, those embryos that survived were gressly malferssi (types 4

and 5).

vBabryes treated at 25°C and 30°C over a constant developmental
perioﬁ*(stages 14 to 30) showed little difference in the types of
abnormalities presedt (table 3). Like fenitrothion, carbaryl does not

appear to have a direct temperature redated effect.

An examination of the external features of embryos treated at
25°C with 10 mg/l carbaryl (Fig. 12) showed that abnormal embryos
were éignificantly shorter than the controls.} The degree of shortening
was not as severe as that produced by fenitrothion. Like fenitrothion
treated embryos, all the abnormalities produced by. carbaryl, except
type 5 had ,a relatively constant body width head shape and pigment-

ation ( table 4 ).

&

lt-test "

~7
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The internal structures ( tables 5d&~hnd 5b )} were similar to . -
thosé iﬁ embryos treated'with fenitrothioﬁ for the correspondingxfypeq,
with the fdlloying exception. Mmny.. type 1 carbaryl characterisfics’
were significantly larger than the corresponding embryos treated. with ..
fenitrothion however, they were qualitatively the same. In type 2,

the eyes of the carbaryl treated embryos were signffécantly larger
than those treated with fenitrothion. In addition, the optic cups
in a few embryos treated with carbaryl were fused. This was seen in Ve
none of the fenitrothion treated embfyos. The hearts in type 2 embryos
were not significantly different, overall. However, the pronephros

was significantly different in size.

The size of the notochord and the degree of heart malformation
vqriéd significantely between tyﬁe 3 embryos treated with carbaryl and
those treated with fenmitrothion. The'hearts in type .3 carbaryl
treated embryos wefg not significantly different from the hea;ts

‘found tin type 2 fenitrothion-treated embryos. All other characteristics

vere dimilar.

In type 4, the mylencephlon height was gfgnificantly larger in the
carbaryl-treated embryos,'as were the otic\vesicles, but the potocﬁz?ﬂ;f/
was significantly smaller. The heart abnormalities were omore severe
in the embryos treated with fenitrothion. The heafts in type 4 carb=
aryl treated embryos were not significantly different from the hearts in
type 2 fenitro;hion—treated embryos: fexcept in the height of the ﬁ

ventricle and the width of the pericardivm. In addition, the size of

10
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the pericardium and ventricle was eignificantly smaller than those

~

found in type 2 fenitrothion-treated embryos.

Juveniles usually developed normally to the end of metamorphosis,
However, on cne occassion approximately 80% of the individuals treated
with doses higher than 10 ng/l . carbaryl developed either extra. 1imbsg
or the normal number of limbs with at least two that were non-functional
“(Fig. "13). Unlike fenitrothion—treated individuals that failed to

develop limbs, theee froglets were viable and grew to maturity

Juvenile Treatment

- <
Juveniles were treated at 25°C for 24 hours (stages 43 to 47
at 10, 1.0 and 0.1 mg/1 carbaryl. ThEre was a decrease in aciivity in

all three groups during the first twelve hours (Fii’ 14). Carbaryl

s

had less effect on the juvenile bhhaviour than the corresponding concen—

tration of fenitrothion. Pigmentation was not affected in any group.

E

All three groups were examined at stage 53. Nigty-six percent of those
treated at 0. 1 mg/1, 92% of those treated at 1.0 mg/1 and 947 of those

treated atll0 mg/l carbaryl survived normally to this stage.

PN

1
B
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igure 11: ‘ v

‘Preliminary EC50 and LCsp curves for embryos treated
with different concentrations of carbaryl from stage
16 to 37 at 18°c:

-,—/4-\ ="~ -®-=-~ percent survival

- 85— Pércent normal

ECsp = 0.11 mg/1
N + LG50 = 5.0 mg/1

]:‘. \represents 95% confidence intervals

/M

Y
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L Figure 12:

Type representatives rfrom groups

carbaryl®. A represents type 1, B y§§(2, Camnd D type 3,
E and F type 4,and G and H type 5. T&p@-descriptiohs
were constant regardless of the stage that the embryos

were treated at.
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Figure 13: )
Metamorphosing froglets treated with 10 mg/l carbaryl
during the late emﬁryonic stages and during hatching.
Some developed non—functioqal limbs and others devel-

oped extra limbs or digits. A had functional front 1imbs

but malformea hind limbs that cauged it to swim in a
ppiral. B had an extra limb, one normel frént ‘limb and

two malformed hindlégs. C had normally shaped, nonfunctioning
front limbs and crippled hind legs. D had non—funétional
front limbs and norhal hing legs. This froglet swam in a

normal pattern.
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Figure 14: ¥

The response of juveniles treated for 24 hours at 25°C with

different concentrations of carbaryl ( 0.1, 1.0, and.
10 mg/1). Treatment began at stage 43 and end;e}, at stage

¥

46. No individuals fell into types one or zero,
‘control (all type 5)
— 0 —_ 0.1 mg/1
— 0 --——-ﬁ' 1.0 mg/1

) ."‘.5_"‘]
A — 10 mg/1
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Lindane
Embryo .Treatment
Unlike- fenitrothion and carbaryl, lindane did not produce gross

defects in embryos treated at 18°C add -25°C (Fig. 15).at conceptrations

up to 10 mg/l. the only effect at these concenﬂlations was a mild

localized edema ( type 2 .abnormality ), which at g/l, was more
prevalent in the 25°C group. Lindane was embryot tc at concentfhtioﬁs
" higher than 10 mg/1 but at lower concentrations only mildly affected

the embryos and shbwed no adverse effects on either cleavage of

gastru}ation. J

Althoug@ the juveniles appeared_tp develop notmally, at metamor-
phosis many bloated ana died (Fig. 16). There was no coneietent pattern
internally. indicating thet_death mey have been caused py & greater
susceptibility to infection. Treated animals reared at\lB°C looked
healthier than thqee reared at 25°C (Fig. 13) indicating a possible temp-

erature stress. The tendancy to bloat was not observed in the'controle.

Juvenile Treatment

i - ‘ . o ‘
Unlike juveniles treated withtfenitrothion and cerbaryl, those

treated with “lindane showed onLy mild intoxication (Fig. 18). .Those..

treated with 10'hg/l 1indane also exhibited a 302 decrease in pigment-n'

ation, but ::csatu!:me“d to noxmal within.24 hours aftet treatment Nineyy :

eight percent survived. nprmally to.stage 53.

- . .
) * : . o Is




Figure 15: L
Effect of various concentratibns of lindane on Xenopus
embryos treated from stage 14 to 25-at 18°C £Ad and

a8~

25°C (B).
. -
Type \‘\
.[ .
© |

.
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Figure 16:
A comparison of a bloated metame; hné;ng froglet (A)
Which had been treated with lindaég during embry-

onic devalopmeqt.and a control frﬁglet (h) of the

T

same a?e. . .

4



-63- Co- ",

MLIKIL ) 7 @

~ - .
s 7,
€ v 0
. - .
£ . - er
- -
Py
.
T

.



Flgure 17:

Comparative survival of Xenopus jgvenigzs tredted for
at either 18°C or 25°C during the embryonic Btageé;

14 to 25 and then-raised at elther temperature deﬁinding

. ¢
~on the::keatment. \\\j ‘ “‘ f"f
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Figure 18£

at 25°C with different congentratioﬁb of lindane.

. The. response

of juveniles treatgd.for 24 hours

Treatment began at stagé 43 and ended at stage 46.

Degrees of activity of response are outlined in

the Materials and Methods.

-

e

0.1 mg/1

1.0 mg/1
10  mg/1

-

‘

v
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DISCUSSION :

Comparison of Fenitrothion and Carbaryl

The fesul;a of the present study support the idea that f Aitrothion
and carbaryl cause similar types of abnormalities.'“hoth carbafyl~§nd//f“\
fenitrothion caused dose and stage related maiformétioﬂgf/ In both cases,
the embryos were most sensitive to gevelopmental disruptions during
gastrulation and least sensitive during the Iafer developmental stages,.
when massive tissue movements wefe not occuiring. Externally, eﬁbryos
treated with carbaryl could not be.distinguished from those treated with
fenitrothion except in overall length and in types 2 and 3, where the
body width was significantly different. Thig may -be attributed to larger,
but simiIﬁ?‘éaematous regions. Both test groups had shorter tails than
the controls: This may be related to a‘slower developmental rate since
tail growth is very rapid during the early post—hatching stages, 'The )

f*ﬂgénephros, when present, was fairly constant within a glven type regard-

&

formation, similar ‘to that observed by Lutz—Ostertag et. al. (19 9, using .
j ¥
paraﬁh;an), was noted in types 3 and 4 and occassionally in type The . =

-

less of the insecticide used. However, tubule dilation and vacuole

nervous systems of embryos of the same type were qualitatively the R
same, as was the seﬁerity of the edématous regions and lysing in the yolk.

PR -

4

. ’
An increase in temperature did not cause a significant  increase

in the terépbgenic effects of either insecticide, when the developmental -

N
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stage was held constant. Thus, the degree of abnormality knd the mgjor
structures affected were more closely linked to the stage(sd bf exposure

than to the temperature. . : : . Y
\_—

In spite of the numerous similarities in types of abnormalities, i
. N .

-
it is clear that a given concentration of fenitrothlon produced more

severe abnormalities than the same concentration of carbnryl.; Even

though the percent survival and the percent normal at the same concen—

-

tration at 25°C were very similar, the percent of severely abnormal

«

-embryes was higher in the fenitrothion treated groups than in those

"treated with fenitrothien.

3

treated with_carbary%. ‘'This difference in sg%erity can be seen by
examining the internal structures. The mﬁst notable difference is the
degree of heart malformatien in embryos whichbeukcenn&l}y,napﬁeacéd
simi;af.‘ The hearts found in types 3 and 4 of carbaryl treated embryes
were net significantly differenh from the heafts.fq;nd in type 2 fen—
itrothion treated embryos suggesting a'differnnce in the degree of
effect and not in the ﬁattern of effect. The presence of deéormed
hearts could }n&icate othey circulatory pr;blems yﬂich would lead te
an'increase in fluid accumulation, as was_seen #n both groups, as the
number of.terata increased. In_gen;rhl, the oto;Ler in embryos )
treated with carbaryl did anot differ signifiéantly from that of the
coﬂf?ol, how;ver, the noﬁochord was Bignificantly.larger %n’embryoé

This may indicate a‘gFublem in the regres-

sion of theé notochord caused by the treatment but to a lesser extent
. . - : . v

than that. observed by Greenhouse (197s).

»

) t‘ . k . )
ﬁhe same coneentration of carbaryl and fenitrothion, in mg/l, is

¢
y

~within the same order of magnitude in terms of molar concentrations.

bl

@ - o

.
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Limb abnormalities produced by carbaryl uere.aleo less severe than those
- PEQduced by fenitrothion. Juveniles with 1imb abnormalities caused by
carbaryl completed metamorphosis whilst thosece;poeed to fenitrotnion
died before ccmpleting metamprphosis. The behauiour of the juveniles

treated post-hatching was also more severly affected by fenitrothion

than by carbaryl.

-

F x
o These differences can be directly related to the respective

abilities of the insecticides to penetrate tht\%i:tECting barriers of
the embryo. O Mellia (1972)'tested the effects of over 70 different

cholinergic and cholinolytic compounds on gastrulas of Arbacia Eyuctulata.

That study indicated that only the lipid soluble compounds caused effects.
Ihe more hydrophilic the compound, the léss the effect. In this context,
C it should be noted that carberyl is much more water soluble than fenitro-
thion. The relationship between 1ipid solubilityﬂ and teratogenicity of
a given compound is further substantiated by the work of- Solomon and

Wels (1979) who found that carbaryl was far more teratogenic when used

s

with a solvent (acetone) than when it was used with only disttlled water.
C P

B

- . ’ o 4
Mechanisms of Action

Recent studies have indicated that many cholinomimetic agents
cduse teratogenic eféects by interrupting the development of structures
derived primarily from the mesode:m, such as-.the circulatory and
skeletal systems. For years, investigatora have shown that insecticides

" such as parathioq§end malathion cause.congenital malformatipns in -

. -
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'_iHEErfere with other ﬁZEhways ‘such as calcium regulation causing .

69~

developing birds (Gill and LaHam, 1972; Jackson and Gibson, 1977; Laley
and Gibson, 1977; Lillie, 1973; Lutz-Ostertag et al., 1969; Meiniel, 1970,
1976, 1977: Walker, 1971; and Wilson et. al., i973). .Similar freﬂds.

have been shown in studies using other ;holinomimetic‘agents on dégs
{Smalley et al., 1968), rodénts (Budreau et. al., l973;,5obens;1969); R
fish (Johnson and ?rine, 19763 Xapur et al., 1978 S°1°§?n and Weis;

1979; Weis and Weis, 1976a, 19igb, 1974) and turtlés (Mitchell and
Ynfema, 1973). A1l gf“the-above studies used bigh concentrations of o
given insecl;ic'ides and raised many questions concerning the actual@. .'
mechanism{s) involved. in addition torthese studies, Prahlga azd o
Anderson (1535) found ultrastructural changés i; skeletal muscle 6f

X. laevis juveniles after they had been treated with low doses of nabam

and diquat ( 1-2 ppm ) over a six day period.
] -

-

o predominant positions are put forth to explain the occurraﬁcés

° . A

of terd{a in the abd € studies. The first proposes that cholinomimetic
teratogens Iinterfere with basic” biochemical bathw§ys éags;;g hypogiygéhié
(Arsenault et.al., 1975),.rgduch groﬁth By limiiﬁpgfthe embrys's

access to yolk hjdrolysié produ.;é (Fish, 196&; Uthali et ai., 1268;
Budreau, 1973; ﬁilson et al,;-1973) and by';nte;fering‘with Eg;bo—
hi@rate metaboli;m.(Prahlad and Anderson, 1975) an& éltéring.the ievels .

of NADPH (Upshall et. al., 1968; Walker, 1971j. Thése alterations’ then

fauity chondrificgtion resulting in‘weaker,‘'shorter bpnes. “This in

turn results: in“the numerqus-skeletai abnormalities observed

IArsenault'e& al., 1975). This position 'is indirectly éupsﬁkted by
‘ o e . . . g .
- ‘ i | R 2
AU U
8 . .
< o

L ¥}



-

)

T . =70-

-

_;h; wotk of Durham (1974) showing the imporifiﬁe of the caleium ions in

cell.movement necesaaryfﬁur morphogenetic events. These studies do not
\

. support the hypothesis that acetylcholine and the cholinergic system p

play a major role in di%férentaiation pProceases. On the contrary, they
. , ; b

-propése that the terata could be eliminated by ‘supplying the appropriate

hutritional supplements. (Arsenault et al., 1975; Budreau, 1973;

Upshall ét al., 1968; Walker, 1931; and Wilson et. al., 1973).
i | o S o

-The second gﬂBition states that acetylcholiue and/or the cholinergic
. 4
system play a crucial rele in the developmental processes. The histo-
chemical results put forthéby Drews (1975) show that in the early_atageél

of development 6f every organ:he studied, there was. a phase of cholin-
esterase activif;. This was outlined as follows: as thé organ starts
to diffefentiate, Eholinesterase activity inéreésed and then after thé
organ was established the cholinesterase activity diminished and dis—
appeared, hctivity neappearq‘again when diéintegration of a structure =

occurs. This pattern of cholinesterase activity was also demonstrated

in the amphibian embryo [Triturus cristatus] duringrbhe formation of

the primitive organs.(Ko&her—Beckér et al., 1970) In addition,

Fambrough and Rash (1971) found that the acetylcholine receptors were

eagg to identify udd differentiating muscle cells in mice embryos and
- ’ A

that the myoblasts became sensitive to acqulcholige before innervation

occurred and before the organization of myofilaments into myofibrils.‘

The movement of developing muscle in the chick embryo is further out-

lined by Bellairs (1979). Both Drews (1975) and Fambrough and Rash (1971)

correlate the increased sensitivity of the cell to acetyleholine
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with=cytoplasmic aspects of differentiation. ‘Drews further illustrates

,that duriﬁg embryonic development microfilament contraction powers

both theLpseudopodial movement of the cells and the conformation ofiithe

) epithelial sheets. Contraction of the microfilaments appears to be

-

regulated by calcium ions, .the concentration of which appears to be
regulated by potential changes in the membrane (Durham, 1974).

The exact relationship between thege steps is stillrcontroversial.

‘

. -
h - - [

0"Mellia (1972) showed that cholinesterase activity was not present
in the blaetula of tyie sea urchin but appeared and increased during -
gastrulation. Kocher-Becker et al. (1975) further found that in the
sea urchin gastrula, cholinesterase Sctiviry was.iound in primary and
secondary mesenchyme cells and in- the invaginating archenteron. As )

development progressed, cholinesterase activity disappeared from the

primary mesenchyme cells. This rise and fall in cholinesterese activity
@

COrrelated with the tissue movement and differentiation. ~Inhibitioﬁ of

the cholinesterases. during this phase of development could explain the

high percentage of severely abnormal and dead embryos that were found

in groups tested with 10 mg/1l or more of either fenitrothion or carbaryl.

S

Drews (1975) found that in the development of the chick heart,

ofnrthe tubular heart. . In the ensuing stages, the myocardial layer

. &
retains its strong cholinglsterase activity until the formation of the
~— )

N
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trabeculae.and endothelial cushions. At that point, the myocih“/f

1ajer loqses‘it?,activity and the endothelial cells increase in”

: cholinestecese activity. 1In the heart, cholinesteraee activity and
morphogenetic movements closely correlete with those found inttﬁe
development'of other organ anlegen with the exception,sthat in the >
heart embryonic cholinesterases appear to become involved in the control
of the rhythmic contractions. - Again, inhibition ofi these embryonic r

. cholinesterases could be responsible for the failure of the folding

of the embryonic heart during exposure to the higher concentrations of *

pesticides, as observed by Solomon and Weis (1979) and in our own study.

Three stages in chick 1imb formation were oullined (Drgﬁs.#1§75).
In the early 1imb bud cholinesterase actlvity resided in the'ectodermal
layer and then general activity appears in the mesodermal core; and
finally, ‘differentiation of cartilage and muscle 1s accompanied by
high levels of activity. All three phases proceed from the proximal to
the distal end and partially 6verlap each' other. Belleirs (1979) ﬁes
shown that the events of muscle develcpment in the chick are very similar R
to those in Xenopus. 1In addition, Cameron and Fallon (1977) have shown

the importance of ectodermal-mesodermal interactions in 1imb formation
L3

of Xenopus by rotation presupmtive tissue 'in the prorimodistal axis.

-
-

These studies support the position that xenobiotic interruption of
. Fg -
the cholinergic system during critical stages of embryonic development
(either cell movement, differentiation or disintegration) can result

in the appearance of terata such as were observed in the present study.

.
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Environmental Implications ’ o N //

. o ‘ ' $

Both fenitrothion 4nd barbaryl are considered non-persistent (
s .
'({.e. they have a half-Iife of lese than twc weeks) in natural waters

‘(HdEwen and Stephenson, 1979). .In the present study, concentrations .
of insecticides have been uged which correlate with levels that may be

pPresent in the natural environment immediately, following spraying

(Roberts et, al., 1977). If a region was sprayed only once during the

growing season, these pesticides could possibly be considered harmlesp
- . - .
to developing anurans, if application was made during a time when they

would be least sensitive, Unfortunately, this 1s not the present
iy 0

sltuation. Spray brogrammes.are conducted several times d ing the

growing season. o

N\

N .
. -

The p;gsengﬂétudy ~verlfies previous work which sh$wed that certain.
st;ges in both embryoric 39? juvenile ﬁgyelopment are more sensitive to
xenobilotics than other stages. Strudies by the CWS which indicated that !
fenitrothlon was harmless to emb%yonic anurans, did not account for long
term effects on the juveniles (they were not examined one week or even
a month after spraying) nor the survival of the emb;yos after hatching.
This apparent lack of effgct could be correlated to a less sensitive
stage at theltime ofrsPraying. However, %pr gstudy 11lustrates that an
embryo may appear to be unaffected externally but in fact may ﬁhave.

suffered damage. For example, mild edemas were often found in type one

By
embryos. In the lab, these posed no problem. However, in a matural setting,

the additional physiological stress. could affect both feeding and predation.
BN

~
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N
Any embry;;\ihat developed type .three abnormalities or greater were-

found not 'to survive in a\nLtural setting. If the young are exposed to
low levels of pesticide during embryonic development, and again at

different Eime'during their juvenile growth, it will invariably weaken -

them, leading to a decrease in the, overall populﬁﬁ}on of the speéies-
[}
In addition to the problems encountered.by the direct application of

o~

the péstibide to the embryos, tﬁére éxist the pydbblems of bioaccumulation

of the pesticide in the food chain such ag in a gae and in the sediments

rwhere the j¥veniles burrow. -

1

Alternative methods of insect control sould be sought which would
N , - :

pose less ogJa threat to the survival of the non-target fauna,-such as

v

the anurans, than the insecticides which are preserftly being used.

v
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Lindane

.

wf

Unlike fenitrothion and carbaryl .lindane did not produce any
teratogénic effects. However, it was embryotoxic at the highe; ;
concentrations ( 10 and 100 mg/11). Embryos treated with lindane were
more susceptible to infection than the sonfrol This could have been
caused by lindane's ability to inhibitlAIPases and micrésomal enzymes
thus weakening the animal. This inhibition 'of ATPases could-iﬁdirectly

interfere with the developmental processes by reducing the bidsynthesis

of enzymes such as acetylcholinesterase and other esterases. In addition,

lindane, unlike fenitrothion or carbaryl§ can be stored in the_eﬁbryonic

tissue (Lichf, 1976) and released  as the Juvenile grows. %his could
" -

account for the pyolonged weakening of the treate

the controls.

~— ‘. .o o /

The present study indicates that embryos exposed to low levels of

lindane for a short“beriod of time are unaffected. However, long term
exposure in the natural environment may cause a decrease in the anuran

population similar to that cauged by the other organochlerines such as

‘DDT. For this reason, long term studies on the effects of lindane or

' <
other organochiorine pesti&ides on developing anurans should be

conducted, as various pesticides of this type are-still in use.

groups im relation to'

-

—
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Fenitrothion and carbaryl were toxic to embr&os of Xenopus laevis

at concentrations exceeding 1.0 mg/l, 1In addition, it was shown that .

both were teratogenic at specific stages of emBryonic developmént.
Embryos treated for a short pPeriod of time during gastrulation showed the
o i

most severe effects, when examined at hatching, followed tleosely by

those treated during cleavage, blastula formation and neurulation.

Embryos expoaed after neurulation usually appeared normal at hatching,

'Neither insecticide affected the long term survival of embryos that

-

survived for one week after treatment, 1In addition, juveniles with c ooked
spines as a result of treatment duridg rheir emnrYOnic period, as |

well as juveniles that appeared nornal, metamorphosed successfully.

It was proposed that carbaryl and fenitrothion caused malformations by
inhibiting cholinergic enzymes and by interfering with carbohydrate

metabolism,

The effects of lindane contrasted with those of fenitrothion and
carbaryl -by a marked absence of terata. In addition, lindane was
embryntoxlc'only at concentrations exceeding 10 mg/1. However,
lindane-treated embryos showed a greater susceptibllity to infection eap~
ecially during metamorphosis. It was proposed that long-term
eéxposure to lindane could alter normal embryonic development by 1nhibiting

ATPases, thus interfering with normal metabolism,
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Juveniles that had been treated wifﬁ one of the three inaecticideq
showed changes in behaviour. Fenitrothion caused the most severe
effects ranginé:from loss of coordination and alertness to total
baralysis an& death depending upon the concentration((ranging from
0.1to 10 mg/1). Carbaryl treated juveniles bhowed allops of alertness
énd coordination at the lower concentr tions and partial paralysis at
10 mg/1. Juveniles treated with 10 mg 'lindanE/BHBWe& onl} minor signs =

of intoxication. The difference in the degfee of intoxication caused

by the three insecticides in juveniles correlates with the results . from

b

*

the embryotoxicity tests. “ '

p ' * ’ -
. N ‘ r .

e

ak
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