3ioassay as a tool to

NN3082B.8

.r
.

.oxic effects of

nt organic pollutants (POPs):

a study with special reference tothiamine deficiency,
ERODinduction andthe bursa of Fabricius

DaphneF.deRoode

ALTERRA

THE CHICKEN EMBRYO BIOASSAYASATOOLTO ASSESSTHE POSSIBLE
TOXICEFFECTSOFPERSISTENT ORGANIC POLLUTANTS ( P O P S ) :
ASTUDYWITH SPECIAL REFERENCETO THIAMINE DEFICIENCY, E R O D
INDUCTIONAND THE BURSAOF F A B R I C I U S

Daphne Françoise de Roode

MISSION:Alterra isthe main Dutch centreofexpertise on rural areas
and water management. It was founded 1 January 2000. Alterra
combinesahugerangeofexpertiseonrural areasandtheir sustainable
use,includingaspectssuchaswater, wildlife, forests, theenvironment,
soils,landscape,climateandrecreation,aswellasvariousotheraspects
relevant to the development and management of the environment we
live in. Alterra engages in strategic and applied research to support
design processes, policymaking and management at the local, national
and international level. This includes not only innovative,
interdisciplinary research oncomplex problems relating to rural areas,
but also the production of readily applicable knowledge and expertise
enablingrapidandadequatesolutionstopracticalproblems.
ThemanythemesofAlterra'sresearch effort includerelationsbetween
cities and their surrounding countryside, multiple use of rural areas,
economy and ecology, integrated water management, sustainable
agricultural systems, planning for the future, expert systems and
modelling, biodiversity, landscape planning and landscape perception,
integrated forest management, geo-information and remote sensing,
spatial planning of leisure activities, habitat creation in marine and
estuarine waters, green belt development and ecological webs, and
pollutionriskassessment.
Alterra is part of Wageningen University Research Centre
(Wageningen UR)and includestworesearch sites,one in Wageningen
andoneontheislandofTexel.

THE CHICKEN EMBRYO BIOASSAYAS ATOOL TO ASSESS THE POSSIBLE TOXIC
EFFECTSOF PERSISTENT ORGANIC POLLUTANTS ( P O P S ) :
A STUDYWITH SPECIAL REFERENCE TO THIAMINE DEFICIENCY, E R O D INDUCTION
AND THE BURSA OF F A B R I C I U S

Daphne Françoise de Roode

ALTERRA SCIENTIFIC CONTRIBUTIONS 8

ALTERRA GREEN WORLD RESEARCH, WAGENINGEN

2002

Theresearch described inthisthesiswascarried outatAlterra, Wageningen
University and Research Centre,andwasfinanciallysupported bytheMinistry of
Agriculture,Nature Managenement and Fisheries (programs 321and 384),the
European Committee (POP-REP,ENV4-CT97-0468),theNational Instituteof
Coastal and MarineManagement (RIKZ,RKZ-881(A))and the Netherlands
Organisation for Health Research and Development (PAD9802.078.0).
Thepresent volumewas alsopublished asadoctoral thesisofthe University of
Wageningen. Thesupervisor wasProf.Dr.J.H. Koeman.
ISBN 90-327-0312-9
Photofront page:3dayoldchicken embryoonyolk sac,DaphnedeRoode

Ervaringisalseenlampopje rug het verlichtde wegdieje reedsgegaan bent
Confiicius (551-479b.c.)

CONTENTS

CHAPTER 1

General introduction

CHAPTER2

Development ofabioassay totestthepossible roleofthiamine
17
disturbance asamechanism behind pollution-induced thiamine
deficiency

CHAPTER3

Experimental uptakeofPCBs from the yolkbythedeveloping
chicken embryo

CHAPTER4

Effects of furazolidone, PCB77,PCB126,Aroclor 1248,
paraquat andp,p'-DDEontransketolaseactivity in embryonal
chicken brain

33

CHAPTER5

Effects ofpersistent organicpollutants present inextractsof
guillemots (Uriaaalge)from the Baltic Seaandthe Atlantic
Ocean,onthedeveloping chicken embryo

43

CHAPTER6

Effects ofan extract ofoystercatcher eggsfromthe
Zeehavenkanaal intheNetherlands,and ofits major
contaminant, hexachlorobenzene, onthe chicken embryo

63

CHAPTER7

Thepredictive valueofEROD induction for toxicityinthe
chicken embryo

75

CHAPTER8

Summary and concluding remarks

APPENDIX

Induction ofERODactivitythroughout embryonal development
ofthechicken

References

9

27

83
85

95

Samenvatting

113

Abbreviations

117

Curriculum vitae

118

Listofpublications

119

Dankwoord

121

Chapter1

General introduction

CHAPTER

GENERALINTRODUCTION

The primary aim of the study described in this thesis was to test the hypothesis that
contaminant induced thiamine deficiency plays a role in avian embryotoxicity. A
second aim was to assess the present contamination pressure on the common
guillemot (Uria aalge) in the Baltic Sea, and the oystercatcher (Haemopterus
ostregalus)intheNetherlands. Model compounds were used to test the hypothesis of
thiamine depletion, and extracts of whole guillemots and of oystercatcher eggs were
tested for their overall toxic effects in the chicken embryo. The chicken embryo was
used as a sensitive model organism to detect potential toxic effects of the tested
compounds.

Pollution andbird populations
Since the introduction of human made environmental contaminants (xenobiotics) in
the environment, populations of birds have been shown to suffer from their adverse
effects. Many studieshavebeen reported inthe fifties and sixtiesdemonstrating mass
mortalities of birds after various applications of pesticides, including chlorinated
hydrocarbon compounds. During the first decade, the emphasis of the studies was on
pesticides, but later it was recognized that other compounds, like metals and PCBs,
compromised bird populations as well. Mortality was mainly attributed to pesticides.
Especially the large-scale application of seed dressings caused acute mortality among
species like pigeons, waders, ducks and geese, while delayed mortality occurred in
many birds of prey, and population declines could be attributed mainly or at least
partially tothe increased death rate caused bythe seed dressing chemicals (see review
by Koeman, 1979). Turtle et al. (1963) demonstrated that dieldrin, aldrin and
heptachlor in seed dressings were mainly responsible for observed deaths among
wood pigeons and pheasants. Ratcliffe (1963) suggested that environmental change
was responsible for the dramatic declines among bird populations, especially the
peregrine falcon, in Great Britain. Subsequently, evidence accumulated showing the
causative role of pesticides in population declines (for a review, see Moore, 1966).
For instance, Prestt (1965) reported declines among British populations of
sparrowhawk, kestrel, barn owl and tawny owl, which could be associated with toxic
chemicals. Jefferies and Prestt (1966) and Prestt et al. (1968) found enhanced levels
of toxic substances in dead peregrines, lanners and rough-legged buzzards, providing
evidence for the causative role of these chemicals in population declines. In
California, high mortality among fish-eating birds was caused by exposure to
toxaphene, and DDT was suggested to play a role as well (J.O. Keith, 1966).Also in
the Netherlands, evidence was obtained for the relation between accumulation of
chlorinated hydrocarbons and increased mortality among several bird species
(Koeman and van Genderen, 1966;Koeman, 1971;Koeman etal., 1972a, 1972b and
1973). Strong evidence was provided for the causative role of pesticides in mortality
casesamongbirds intheNetherlands (van Lieshout and Hoskam, 1972).
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In the sixties it became clear that not only pesticides were responsible for the effects
observed, but that other chlorinated industrial compounds, especially PCBs, played a
role as well (Jensen, 1966). In accordance, decreases in reproductive success of bird
species all over the world were related to enhanced levels of organochlorine
contaminants intheir eggs,chicksor adultbirdtissues (Ames, 1966;J.A. Keith, 1966;
Jefferies, 1971;Blusetal, 1974;Wiemeyer etal., 1975;King etal, 1977;Noble and
Elliott, 1990;Bosveld andvan den Berg, 1994;Murk etal., 1994;vanden Berget al,
1994). In all these cases, persistent organochlorine compounds, such as PCBs,
dioxins, dieldrin and DDE, were found to be the major contaminants present. Due to
their lipophilic character, they tend to bioaccumulate in the lipid stores of organisms,
and hencecanreach appreciable concentrations.
A remarkable finding was the discovery of eggshell thinning in several birds of prey
in Britain by Ratcliffe in 1967. It was shown that since 1945,eggshell thickness had
decreased and had to be considered as an additional effect of organochlorines,
especially DDT, affecting bird populations. Concurrently, raptorial and fish-eating
birds in the United States were reported to suffer from catastrophic declines,
associated with decreases in eggshell thickness (Hickey and Anderson, 1968).
Evidence for the causative role of DDT in eggshell thinning was obtained from
comparative studies onseveral bird speciesinwhich eggshell thickness was compared
to eggshell thickness before 1945 (Ratcliffe, 1970; Anderson and Hickey, 1972;
Douthwaite, 1992). Moreover, experimental evidence was produced for the dose
related induction of eggshell thinning by DDT and DDE in a number of studies
(Heath et al, 1969; Bitman et al, 1970; Peakall, 1970; Stickel and Rhodes, 1970;
Wiemeyer and Porter, 1970;Jefferies, 1971;Lundholm, 1997).Eggshell thinning was
alsoreported asone ofthe effects ofDDEinadecliningpopulation of sparrow-hawks
intheNetherlands (Koeman etal, 1972c),aswell as incormorants,herons, sandwich
ternsandeiderducks(Koeman etal, 1972b).
Another mechanism causing decreases in reproductive success is embryotoxicity.
Embryotoxicity in birds has been associated with the presence of various
organochlorine contaminants in eggs (Gilbertson et al, 1976 and 1991;Nisbet and
Reynolds, 1984; Elliott et al, 1988;Tillit et al, 1992; Becker et al, 1993;Giesy et
al, 1994; Ludwig et al, 1996; Bowerman et al, 1998; Thyen et al, 2000). Effects
described include mortality, growth retardation, edema, deformities, liver
enlargement, porphyria, liver necrosis and decreased immunocompetence. Evidence
for thecausative role ofcontaminants asobtained from laboratory studies isfirm(Vos
and Koeman, 1970;Carlson and Duby, 1973;Tumasonisetal, 1973;Hoffman, 1979;
Hoffman and Eastin, 1981; Gustafsson et al, 1994; Summer et al, 1996; Bosveld et
al, 2000). In addition, in many field situations, the circumstantial evidence for
contaminantion asaresponsible factor isconvincing (asreviewed byGilbertson et al,
1991).
Recently, endocrine disruption was suggested to be a plausible explanation for avian
reproductive problems (Feyk and Giesy, 1998; Bowerman et al, 2000). However,
even though feminization of male embryos was found after DDT exposure (Fry and
Toone, 1981), the evidence for endocrine disruption in birds is limited (Janz and
Bellward, 1996and 1997;Bishopetal, 1998;Vosetal, 2000).
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Decreaseinpollution- consequencesfor birdpopulations
With the decreased release of contaminants during the last decades, bird populations
have been observed to recover. Several authors report on the recovery of great blue
herons in British Columbia (Sanderson et al., 1994), peregrine falcons in Texas
(Henny et al., 1996), bald eagles from the Canadian Great Lakes (Bowerman et al.,
1998;Donaldson etal., 1999)andNewJerseyospreys(Clark etal.,2001).Also inthe
Netherlands,populations ofsparrow-hawks, common kestrels,herring gulls,sandwich
terns and common terns showed remarkable increases after the ban on
organochlorines (Bijlsma etal.,2001).However, Grasman etal.(1998) demonstrated
that although fish-eating birds from the Great Lakes recovered on a regional scale,
contaminants are still associated with reproductive and physiological effects.This was
alsoobserved for bald eagles inthe Great Lakes (Bowerman etal., 1998). In addition,
although contaminant levelshave declined and massive population declines belong to
the past, pollution is still going on (Risebrough, 1986; Elliott et al., 1992;Bignert et
ai, 1998) and some bird populations still suffer from toxic effects (Grasman et ai,
1996;Jarman et al., 1996;Custer et al., 1999;McCarthy and Secord, 1999; Stansley
and Roscoe, 1999). Recently, it was found that oystercatchers foraging at the
Zeehavenkanaal area in the Netherlands are exposed to high levels of
hexachlorobenzene (Eggens et al., 2000); however, the toxic consequences of this
exposure were not known. A study to reveal possible toxic effects in the embryos is
described in this thesis. In addition, the present contaminant pressure in the Baltic
common guillemot,which isstill exposed tovariouspollutants,was studied.

Pollutionandthiaminedeficiency intheBalticSeaarea
One of the most heavily polluted sites in Europe is the Baltic Sea (Koistinen et al,
1995). High concentrations of dioxins, dibenzofurans, PCBs and PCDEs have been
measured in fish, seal and fish-eating birds (Koistinen, 1990; Koistinen et al, 1995;
Vuorinen et al, 1997). Levels of polychlorodibenzo-p-dioxins, dibenzofurans and
coplanar PCBs were shown to be the highest ever reported in wildlife (Tarhanen et
al, 1989).Despite ageneral decrease in contamination levels in the period from 1970
to 1984 in fish, fish-eating birds and seals, some compounds did not show a
decreasing trend (Andersson et al, 1988).Concentrations of PCBs and DDT in eggs
ofthe common guillemot decreased intheperiod from 1969to 1995,but this decrease
had leveled off from 1985 and elevated levels of contaminants were still detected in
1995(Bignert etal, 1995and 1998;Odsjö etal, 1997).
Fish species living in the Baltic Sea and the Great Lakes show enhanced mortality
during theearlylife stages.Inthe Baltic Sea,thiswasfirstobserved in 1974,and,asit
was supposed to be the consequence of environmental pollution, the syndrome was
designated as M74 (Milieu 1974: Norrgren et al, 1993). In the Great Lakes, the
syndrome is called EMS, or Early Mortality Syndrome (Honeyfield et al, 1998a).
These syndromes are highly comparable and have caused massive mortalities among
salmon and trout species sincethe early 1990s(Bengtsson and Hill, 1998; Honeyfield
et al, 1998a). One of the most striking similarities between the syndromes is that all
eggs that produce offspring dying of the syndrome contain low levels of thiamine
(Brown et al, 1998a; Fitzsimons et al, 1998; Honeyfield et al, 1998a; Hornung et
al, 1998). Treatment of affected fry with thiamine prevents the fry from dying
(Amcoff et al, 1998): in fact, a reversal from 100% mortality to 90-100% survival
was achieved after this treatment (Bylund and Lerche, 1995;Amcoff etal, 1998).As
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high contaminant levels were measured in fish producing affected offspring, these
were suggested to play a role in the mechanism causing the mortality syndromes
(Vuorinen et al, 1997; Âkerman and Balk, 1998). In addition, hepatic cytochrome
P450 enzymes were induced in both yolk sac fry suffering from M74 and adult feral
females producing offspring affected by M74 (Norrgren et al, 1993). Thus, it was
hypothesised that contaminants induced thiamine depletion in fish suffering from
M74or EMS (Norrgren etal, 1993;Balk etal, 1998;Âkerman etal., 1998;Pesonen
et al., 1999). If this hypothesis is correct, other organisms exposed to the same
contaminants as the salmon and trout would be expected to display depletion of
thiamine as well. Because of their exclusive fish-eating habits, fish-eating birds
accumulate substantial levels of lipophilic organic pollutants. The common guillemot
(Uria aalge) is a sedentary fish-eating bird species, and has been proven suitable for
monitoring (Stolt et al., 1991; Furness, 1993; Lyngs and Kampp, 1996; Joins et al.,
1997).Contaminant levels in eggs of the common guillemot in the Baltic Sea were as
high as 300 mg/kg lipids PCBs and over 600 mg/kg DDT, DDE and DDD in 1969;
these levels declined to about 30% in 1982 (Bignert et al., 1995). A further decline
was reported for 1995, but the decrease had leveled off from 1985 and ongoing
pollution with PCBs was suggested to be responsible for this observation (Odsjö et
al., 1997; Bignert et ai, 1998). Therefore, the common guillemot was chosen as the
species to investigate if contaminants compromise bird populations at the current
contamination levels in the Baltic Sea, and in addition, to assess the role of pollutant
induced thiamine depletion in embryotoxicity.

Risk assessment studies using bioassaysand biomarkers
In order to study the potential toxic effects of contaminants on bird embryos, the use
of the chicken embryo assay has proven a valuable tool. An early description of an
egg injection bioassay was given by McLaughlin et al. (1963). This assay employed
the injection of chemicals, dissolved in various carrier solvents, into the fertilized
chicken egg.This studywas followed bymany others.Itwasrecognized that, in order
to mimic the field situation, the delivery of a compound should be performed before
onset of incubation and into the yolk (Koeman et al., 1967; Walker et al., 1967;
Powell et al., 1996; Henshel et al., 1997). The chicken embryo is widely used as a
model organism as it is known to be very sensitive towards the toxic action of
chemicals (Brunström and Reutergârd, 1986;Brunström, 1988;Brunström and Lund,
1988;Brunström, 1989;Brunström étal, 1990a;Engwall étal, 1994;Bosveld, 1995;
Sanderson and Bellward, 1995).In addition, itsdevelopment iswell documented.
After the injection ofachemical intothe fertilized egg,toxic effects inthe developing
embryo can be assessed by the use of biomarkers. A biomarker is defined as a
biochemical, physiological, or histological indicator of either exposure to, or effects
of, xenobiotic chemicals at the suborganismal or organismal level (Huggett et al,
1992). This implies that different toxic endpoints can be assessed by using several
biomarkers. A short description of the biomarkers used in the present study will be
given below.
Generaltoxiceffects(nonspecific)
Mortality istheultimate biomarker oftoxiceffects, inthat it indicates the lethal action
ofacompound. Abnormalities among embryos canbe used to indicate the teratogenic
potency of compounds (Hoffman, 1979; Hoffman and Gay, 1981; Brunström, 1986;
Walters etal, 1987;Cho and Lee, 1990;Heinrich-Hirsch et al, 1990),and measures

12

General introduction

of embryo, yolk sac or organ weights indicate if compounds interfere with growth
(Mayeretal, 1992).
InductionofcytochromeP450
Induction of cytochrome P450 enzymes indicate the presence of contaminants that
bindtothe Ahreceptor (Mason etal, 1985and 1986;Safe, 1990).Contaminants with
the capacity to bind to this receptor usually have a coplanar, dioxin like figuration.
Ethoxyresorufin-O-deethylase, or EROD, is an enzyme that belongs to the
cytochrome P450 family (Rifkind et al, 1994) and can be induced by coplanar PCBs
and dioxins. Induction of this enzyme has been related to several embryotoxic
endpoints in birds with consequences for reproductive output (Hoffman et al, 1987
and 1993; Murk et al, 1994; van den Berg et al, 1994; Sanderson et al, 1994).
Therefore, an induction of this enzyme indicates increased exposure to
organochlorines, and in addition, it may indicate the odds for a population to be
compromised bythe adverse effects ofthesecontaminants.
Hepaticporphyrinaccumulation
Porphyrins are precursors for heme proteins (Marks, 1985). Accumulation of hepatic
porphyrins, also annotated as porphyria, in birds has been associated with the
presence of polyhalogenated hydrocarbons, and indicates that the heme biosynthetic
pathway is disturbed (Vos and Koeman, 1970;Vos etal, 1971; Miranda etal, 1987;
Fox et al, 1998; Kennedy and Fox, 1990). This may eventually lead to anemia or
disruption of metabolic reactions. Porphyria has been suggested to result from the
induction of aminolevulinic acid synthetase, the regulatory enzyme in the heme
biosynthetic pathway, and decreased activity of uroporphyrinogen decarboxylase
(Carpenter etal, 1985aand 1985b;Miranda etal, 1987).
Thiaminerelatedenzymes
Transketolase and a-ketoglutarate dehyrogenase are enzymes that are directly
dependent on thiamine diphosphate as a cofactor (Gibson et al, 1984; Giguère and
Butterworth, 1987;Schenk etal, 1998;Olkowski and Classen, 1999).Thiscofactor is
formed from thiamine and ATP by the enzyme thiamine-pyrophosphotransferase
(Basilico et al, 1979). Transketolase is situated in the pentose phosphate pathway,
while a-ketoglutarate dehyrogenase plays an important role in the citric acid cycle
(Stryer, 1988).Decreased activity oftheseenzymes hasbeen associated with thiamine
deficiency (Gibson et al, 1984; Butterworth et al, 1986; Giguère and Butterworth,
1987; Masumoto et al, 1987; Balk et al, 1998), concurrent with symptoms that
resemble those described for contaminant exposed bird embryos, including leg
weakness and vomiting, anorexia, ataxia, paralysis, hydropic degeneration of
myocardium, retarded growth, nervous derangement and death (Swank, 1940; Shaw
and Phillips, 1945;Charles et al, 1972;Gries and Scott, 1972;Classen et al, 1992).
Transketolase is the most sensitive biomarker for thiamine deficiency in brain
(Gibson et al, 1984; Giguère and Butterworth, 1987; Remus and Firman, 1990;
Itokawa, 1995;Balk etal, 1998),whereas a-ketoglutarate dehydrogenase was found
to be the best indicator of thiamine deficiency in the heart (Olkowski and Classen,
1999).
Contaminant induced thiamine depletion has been hypothesised to be the result of
induced metabolism (Âkerman etal, 1998;Balk etal, 1998).This enhanced state of
metabolism leadstoan increased demand for NADPH and hence an increased ratio of
NADP to NADPH, which upregulates the activity of glucose-6-phosphate
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dehydrogenase in the pentose phosphate pathway. Therefore, an increased activity of
this enzyme may be an indication of possible thiamine depleting processes, even
before transketolase anda-ketoglutarate dehydrogenaseactivitydecrease.
Acetylcholinesterase
Acetylcholinesterase is an important enzyme in neurotransmission, and its inhibition
has been described in birds exposed to organophosphorous or carbamate insecticides
(Busby etal, 1991;Matz etal., 1998;Parsons etal, 2000). Inhibition ofthe enzyme
in birds has been related to changes in behaviour (Busby et al., 1991; Hart, 1993;
Matz et al., 1998; Bishop et al., 2000; Parsons et al., 2000) and abnormalities and
mortality indeveloping embryos (Choand Lee, 1990;Kaltneretal, 1993).
Immuneorgans
Thebursa of Fabricius istheorgan inwhich Blymphocytes mature inthe embryo and
earlychick (Glick, 1983;Nikolaidis etal, 1988a).Decreased weight ofthisorgan has
been observed in wild birds exposed to dioxins and PCBs (Powell et al, 1998;
Bosveld etal, 2000).Decreased lymphocyte density inthebursa of Fabricius appears
to be a more sensitive biomarker and has been associated with exposure to PCBs
(Nikolaidis et al, 1988a and 1988b; Andersson et al, 1991; Hoffman et al, 1996;
Grasman and Whitacre, 2001), extracts of particulate matter (Brunström etal, 1992),
Prudhoe Bay Crude Oil (Lusimbo and Leighton, 1996),and several pesticides (Misra
and Bloom, 1991;Arias, 1995; Day et al, 1995). In fact, B lymphocytes have been
shown to be more sensitive than T lymphocytes (Nikolaidis et al, 1988a and 1988b;
Misra and Bloom, 1991; Wilmer et al, 1992; Fox and Grasman, 1999). Finally,
immunotoxic effects may decrease survival chances of the newly hatched chick and
thus compromise reproductive success of the population (Grasman etal, 1996; Smits
andBortolotti,2001).

Generaloutlineof theexperimentalapproach
Inordertomeetthe aimsoftheproject, several experiments wereconducted usingthe
chicken embryo as a model species. These experiments are described in chapters2-7
and intheappendix.
The first part of the thesis (chapters2-4) describes the development of a bioassay to
study effects of contaminants on thiamine dependent enzymes. Chapter 2 describes
the adaptation of existing injection bioassays for the use in studies with a focus on
effects of contaminants on thiamine dependent enzymes. This bioassay is chemically
validated in chapter 3, which describes the uptake of PCBs from the yolk by the
developing embryo. Effects ofsomeselected contaminants ontransketolase activityin
ovo,usingtheadapted bioassay, aswell asinvitroaredescribed inchapter4.
The second part of the thesis describes two case studies to evaluate the risks of
contaminants in wild bird species living in contaminated areas, using the developed
bioassay. In chapter 5, extracts of whole guillemots from the Baltic Sea and the
Atlantic Ocean were tested in the bioassay for their general toxic potency, as well as
to assess the role of thiamine depletion in embryotoxicity, in order to assess the
current contamination pressureontheBalticguillemot. Chapter6describestheuseof
the bioassay to estimate the risk for oystercatchers from a polluted site in the
Netherlands, using extracts of collected eggs. In both studies, an induction of EROD
activity isreported. Inmany field studies, EROD induction has been shown tobe one
of the most sensitive biomarkers, but evidence for its predictive value for adverse
effects in bird populations is limited. In chapter 7,EROD activity is related to toxic
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responses in order to estimate the predictive value of EROD induction for toxicity in
birds. EROD induction throughout embryonal development is described in the
appendix. In chapter8, the major results are summarized and the overall conclusions
thatcanbedrawnfrom theresearch are presented.
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Abstract
Atest system wasdeveloped toexamine the effects ofenvironmental contaminants on
thiamine homeostasis in bird embryos. This system employs fresh chicken egg yolk
lipids as a vehicle for use in egg injection studies. Furazolidone, an antibiotic that is
suspected to interfere with thiamine metabolism, was used as a positive control to
evaluate the utility of the test system. It was determined that fresh chicken egg yolk
lipids were preferable over chemical vehicles as it resulted in lower mortality rates
(16% versus 23-62%) and did not induce any observable effects in the embryo.
Injection of 1mg/egg of furazolidone at day 0 of development resulted in decreased
respiration followed by death, with mortality rates being twice as high as in carrier
controls. In addition, transketolase activity, which was measured as an indicator of
thiamine availability in the body, was decreased 25% in brains of 19 days old
embryos. This mechanism may be of importance for effects of environmental
contaminants inwildbirdpopulations.

Introduction
Overthepastdecades,much effort hasbeen put inthemonitoring ofecosystem health
after environmental contamination, for instance by studying bird populations. Birds at
the top of the food chain have been considered to be key organisms for such
monitoring programs, because they accumulate relatively high levels of persistent
organic contaminants (POPs). Decreases in population densities were found to
correlate with increasing levels of POPs. For some chemicals, like DDT, evidence
was obtained for a causative relationship between concentration of the compound and
reproductive failure. For other chemicals, such as PCBs, the evidence was less clear
(Bowerman et al, 1998, Custer et al, 1999). However, for these compounds
interactions were observed with the Ah receptor and metabolism of hormones which
may have consequenses for reproduction (Bosveld et al, 1994,Janz et al, 1997). In
addition to these,others may play arole as well. Even though some populations have
been reported toberecovering, it is still important to obtain appropriate insight in the
mechanism that might have been responsible for population declines. This may help
to get amore complete understanding of structure relationships, which can be used to
prevent undesirable effects of chemicals. A possible mechanism that has not been
considered in birds, might have caused reproductive disturbances through the
interaction with thiamine metabolism. This essential vitamin may have played a role
inpoorreproductive performance infish from both the Baltic SeaandtheGreat Lakes
in North America (Fitzsimons, 1995; McDonald et al, 1998; Âkerman et al, 1998;
Fitzsimons et al, 1999). Presently, this hypothesis is under investigation by some
groups.Thepresent studydealswith apossible assessment ofthemechanism inbirds.
In itsphosphorylated form, thiamine acts as a cofactor for three essential enzymes in
intermediary metabolism: transketolase (pentose phosphate pathway), pyruvate
dehydrogenase (glycolysis) and a-ketoglutarate dehydrogenase (citric acid cycle).
The reactions catalysed by these enzymes lead to the formation of chemical energy
and intermediates for assimilation (Stryer, 1988). In rats, direct evidence has been
provided for the interference of PCBs and DDT with thiamine metabolism after
dietary exposure to these contaminants, which resulted in lowered thiamine levels in
liver, blood and sciatic nerve, as well as decreased transketolase activity (Innami et
al, 1977;Yagi et al, 1979). In fish, exposure to certain POPs has been suggested to
reduce the available levels of the phosphorylated form of thiamine due to enhanced
useofthe cofactor, asaresult of increased metabolism through thepentose phosphate
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pathway. The increased metabolism is suggested to be driven by an increased use of
NADPH through redox cycling (Âkerman et al,1998; Balk et al, 1998). Other ways
by which contaminants may induce symptoms of thiamine deficiency may be the
binding of the compound with the active site of thiamine dependent enzymes, thus
inactivating them as a catalytical site, or the inhibition of the phosphorylation of
thiamine.
Severe disturbances of intermediary metabolism are suggested to afflict the general
functioning of the individual, expressed as e.g. altered respiration activity and/or
retarded growth. Avian test systems to evaluate embryotoxic effects have been
developed (Brunström et al,. 1982, Henshel et al, 1997, Powell et al, 1996a). The
use of an appropriate solvent is shown to be a critical factor in assessing effects of
compounds. In an effort to eliminate adverse effects of the vehicle, the use of egg
yolk lipids as a carrier was tested. Using this system effects on thiamine homeostasis
were studied. Furazolidone was used asa model compound. Thischemical isgiven as
an antibiotic to poultry and has been associated with changes in thiamine status after
therapeutic use (Ali and Bartlet, 1982; Ali, 1983). Typical symptoms and biomarker
responses in birds exposed to furazolidone are anorexia and loss of body weight
concomitantly with increased levels of lactate and pyruvate in blood, and increased
activation of transketolase activity by thiamine diphosphate in vitro. However, the
mechanism behind these observations is still unknown. Effects of furazolidone on the
thiamine statusinembryoshavenotbeen studied yet. Inthis study,the compound was
injected at day 0 of development. End parameters investigated include respiration,
enzymeactivities,and mortality.

Materials and Methods
Fertile Lohmann brown chicken eggs were kindly provided by a local hatchery
(Verbeek poultry farm, Lunteren). Propylene glycol (99%) was purchased from
Boom, the Netherlands. Triolein (65%), tris-HCl, MgCl2.6H20, sucrose, NaOH and
tetrasodiumdiphosphate were obtained from Merck. Furazolidone (N-(5-nitro-2furfurylidene)-3-amino-2-oxazolidone),
triosephosphate
isomerase,
aglycerophosphate dehydrogenase, xylulose-5-phosphate, ribose-5-phosphate, NADH,
NADP,fiuorescamine andbovineserum albumin (BSA)were from Sigma.
Exposuretechniqueandpreparation ofanimprovedcarrier
Fertile eggs were weighed and evenly distributed among the treatment groups. All
eggs were turned with a quick movement of the wrist and left to lay horizontally 24
hours before injection to let the germ cells float free to the top of the yolk and avoid
trauma during the injection procedure.The day of injection was denoted asday 0.The
eggshell waswiped with atissuewith 70%ethanol,and a2mm.holewasdrilled over
the air chamber, not penetrating the membrane. Then, the eggshell was wiped with
70% ethanol again, and 50 ul of the carrier was injected into the yolk using an
Hamilton glass syringe equiped with a 0.8x40 21GAl'/i needle. Several experiments
were performed to assess effects of injection on mortality rates. Inthese experiments,
a total of 187 control eggs was never injected, and a total of 65 eggs was mock
injected (the needle was put in the yolk, but nothing was injected). Three different
carriers were tested: triolein (n=46), propylene glycol (n=105) and a 12,000 g yolk
lipids supernatant (n=67), of which a subsample was further analysed beyond
mortality rates (controls, n=17; triolein, n=9;propylene glycol, n=17 and yolk lipids,
n=17). The yolk lipids were prepared from fresh egg yolks from eggs of the same
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batch as those that would be injected. Yolk was centrifuged for 2 hours at 12,000g
and 15°C in an ultracentrifuge (Beekman), using sterilised polycarbonate ultrabottles
with polyphenylene oxide screw closures (Nalgene) and a 50,2 Ti rotor. This yielded
the separation of yolk into a more or less solid pellet and a clear, liquid, supernatant.
The supernatant was gently pipetted off and used for injection. All handling was
performed under sterileconditions.After injection, the holeswerecovered with aselfadhesive label, and the eggs were placed in an incubator, under 37°C and 55-65%
relative humidity.
On days 5, 8, 11 and 15, eggs were candled for viability. Non-fertile eggs were
discarded from the fertile eggs and mortality rates were recorded. On day 19, eggs
wereopened and livers andbrainswere dissected from theembryo and kept in 1 ml of
icecold 0.25 Msucrose buffer until homogenisation within 30 minutes (in the triolein
group,nobrains were dissected). Homogenisation was performed using a glass potter
tube and teflon plunger (Braun, Germany) at 1200 rpm. The homogenate was
centrifuged at 7,000 g for 12 minutes and the supernatant was frozen in liquid
nitrogen andkept at-80°Cuntil analysis.
Enzymeactivityanalysis
Transketolase activity was determined spectrophotometrically at 340 nm from the
change in NADH in a coupled reaction assay (Tate and Nixon, 1987), in which the
formation of seduheptulose-7-phosphate and glyceraldehyde-3-phosphate from
xylulose-5-phosphate and ribose-5-phosphate is catalysed by transketolase.
Glyceraldehyde-3-phosphate is then converted to dihydroxyacetone phosphate by
triosephosphate isomerase. Finally, NADH is oxidized to NAD by aglycerophosphate dehydrogenase in the transition of dihydroxyacetone phosphate
into gIycerol-3-phosphate. 10 ul of the liver or brain supernatant was incubated at
30°C for 10minutes in 240 ul 115mM sucrose solution (pH 7.6) that contained 100
mMtris-HCl, 1.2 mMMgCl2,0.8 mMxylulose-5-phosphate, 0.2 mMNADH,2units
triosephosphate isomerase and 0.2 units a-glycerophosphate dehydrogenase. Then,
background activity was measured during 5 minutes at 30°C in a multiwell
platereader spectrophotometer (VersaMax, Molecular Devices Corporation). The
reaction was started byadding 10ul of 10mMribose-5-phosphate tothe medium and
NADH consumption was measured during 5 minutes. Apreincubation of 10 minutes
was found to be suitable and gave reproducible results, with a doubling of activity
when the sample volume was doubled. Protein content in the supernatants was
measured fiuorimetrically against a BSA standard (Lorenzen and Kennedy, 1993).
Therefore, 50ul of diluted homogenate was mixed in 100 ul 0.05 M
tetrasodiumdiphosphate buffer (pH 8.0) and 50 ul NaOH (0.1 N), after which the
background fluorescence was measured at 360/475 nm (excitation/emission). Then,
50ul 1.08 mM fluorescamine was added andthe fluorescence wasmeasured again.
Effectsoffurazolidone
Fertile chicken eggs were weighed and evenly distributed among 2 treatment groups
(n=15 per group). In addition, 15 non treated eggs were incubated to check for
background mortality rates.The injection procedure was asdescribed for the previous
experiment, using yolk lipids as a carrier. 50 ul of yolk lipid with or without
furazolidone (1 mg/egg) was injected into the yolk at day 0 of development. Eggs
were incubated until day 19 of development. CO2 production was measured daily
from day 15to day 19by placing the eggs in glass chambers, through which filtered
air (Crossland element 703 particle filter) was led with a flow of 0.8 L/min. The
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chambers were connected via a WA-328 24 channel gashandling unit (Analytical
Development Co. Ltd., UK) to an infra red gas analyser (IRGA 225-2B-SS).
Equilibration time was 5 minutes. At day 19 eggs were opened and embryos were
sacrificed by decapitation. Brain and liver were removed and processed for TK
activitymeasurements asdescribed above.
Statistics
Mortality rates in different groups were tested with a t-test after logit transformation
of the data and Bonferroni correction of a. Differences in enzyme activity and
respiration between the different treatment groups were tested using a one-way
ANOVA followed byamultiplerangetest.Thesignificance level wasstated at5%.

Results
Effectofcarriersonmortalityandthiaminedependentenzymeactivities
Our novel method, using yolk lipids asa carrier, resulted in an overall mortality of 16
%, which was not significantly different from untreated embryos (table 1).Chemical
carriers resulted in significantly higher mortality rates. The novel carrier was found
not to affect transketolase activity in liver whereas both triolein and propylene glycol
did. Transketolase activities in livers were significantly higher in propylene glycol
and triolein treated embryos than in controls (figure 1).In brains,no differences were
found in enzyme activities between control and treatments (figure 2). The specific
activity of transketolase in brain was significantly higher than the activity in livers
from control and yolk lipid treated embryos. Based on these findings yolk lipid was
further used asacarriertoevaluatetheeffects offurazolidone inchickenembryos.

Effectsoffurazolidone
The mortality rate among yolk-lipid injected controls was comparable to that among
untreated eggs (table 2). Furazolidone treatment resulted in a doubling of the
mortality rate over the control value, which was significantly (p<0.025) higher. It is
noteworthy that mortality occurred during the first four days of incubation in both
control and non treated eggs,whereas inthe furazolidone treated group,embryos died
throughout the entire incubation period.
No differences were found for biométrie parameters (table 3). Average respiration in
the furazolidone treated group was generally lower than in controls. This effect was
significant on day 16,butnot on laterdays(figure 3).
Transketolase activity in brain was significantly lower in furazolidone treated
embryos than in controls (p<0.05). In the liver, no significant effect was observed
(figure 4).
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Table 1.Mortality rates in chicken eggs injected with SOfil of various carriers into
theyolk before incubation. For literature data, numbers in brackets are control
valuesfrom the respective study. Asterix indicates significant differencefrom non
treated eggs (none). Literature data were not included in thestatistical analysis.
Carrier
n
mortality (%)
Reference
None
this study
187
7
this study
Mock-injection
65
12
Yolk-lipids
16
this study
67
Triolein
this study
62*
46
Powell etal., 1997
64(64)
37.5(7.8)
Powell eta!., 1997
53.3 (30.0)
60(60)
Powell etal., 1997
26.7(28.3)
60 (60)
105
23*
this study
Propylene glycol
55(7)
Gebhart and van
38(30)
Logten, 1968
Powell etal., 1996a
60 (58)
51.7(13.8)
Lecithin/peanut oil
emulsion in water

Table 2. Mortality rates among non treated eggs, controls and
furazolidone exposed embryos. Asterix indicates significant difference
as compared to control (p<0.05).
Jjrouj)
n
mortality (%)
18.2 "
Non treated eggs
11
20.0
Control (yolk lipids)
10
41.7*
Furazolidone (1 mg/egg)
12

Table3. Totalembryo and organ weights on day 19of embryonic development, data
presented ingram ±standard error.
Treatment
n
Embryq_ _Yolk sac_ Liver
Brain
8;2±0.6
0.45±0.025 0.83±0.063
Yolkiipids
8
23±0.8
Furazolidone (1 mg/egg) 6
21±0.5
8.0±0.8
0.46±0.018 O.77±O.033
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Figure 1. Transketolase activity in
livers of 19 day old embryos. Values
shown are means ± standard error
over 13, 8, 6 and 4 individuals for
controls, yolk lipids lYL). propylene
glycol (PG) and triolein, respectively.
**, significantly different from control
(p<0.01).
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Figure 2. Transketolase activirv in
brains of 19 day old embiyos. Values
shown are means ± standard error
over 13, 8 and 6 individuals for
controls, yolk lipids (YL) and
propylene glycol (PG), respectively
control
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