INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UMI films
the text directly from the original or copy submitted. Thus, some thesis and
dissertation copies are in typewriter face, while others may be from any type of
computer printer.

The quality of this reproduction is dependent upon the quality of the
copy submitted. Broken or indistinct print, colored or poor quality illustrations
and photographs, print bleedthrough, substandard margins, and improper
alignment can adversely affect reproduction.

Iin the unlikely event that the author did not send UMI a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized
copyright material had to be removed, a note will indicate the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, beginning at the upper left-hand comer and continuing
from left to right in equal sections with small overlaps.

Photographs included in the original manuscript have been reproduced
xerographically in this copy. Higher quality 6° x 9" black and white
photographic prints are available for any photographs or illustrations appearing
in this copy for an additional charge. Contact UMI directly to order.

ProQuest information and Leaming
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA
800-521-0600

®

UMI






Université d’Ottawa - University of Ottawa






The Effects of PCB 126 on Embryotoxicity and
B-Adrenoceptors in Chicken (Gallus domesticus) Embryos

By

Andrea L. Katynski

Thesis submitted to the
School of Graduate Studies and Research
University of Ottawa
in partial fulfillment of the requirements for the
Masters of Science in Biology

Ottawa-Carleton Institute of Biology

. Thése soumise a
I’Ecole des études supérieures et de 1a recherche
Université d’Ottawa
en vue ’obtention de la maitrise és sciences

L’Institut de biologie d’Ottawa-Carleton

© Andrea L. Katynski, Ottawa, Canada, 2001



i+l

National Library Bibliothéque nationale
of Canada du Canada
Acquisitions and Acquisitions et .
Bibliographic Services services bibliographiques
395 Wellington Street 395, rue Wellington
Ottawa ON K1A ON4 Ottawa ON K1A ON4
Canada Canada
Your fie Votre réidrence
Our filg Notre réldrence
0-612-66060-5
The author has granted a non- L’auteur a accordé une licence non
exclusive licence allowing the exclusive permettant a la
National Library of Canada to Bibliothéque nationale du Canada de

reproduce, loan, distribute or sell
copies of this thesis in microform,
paper or electronic formats.

The author retains ownership of the
copyright in this thesis. Neither the
thesis nor substantial extracts from it
may be printed or otherwise
reproduced without the author’s
permission.

Canada

reproduire, préter, distribuer ou
vendre des copies de cette thése sous
la forme de microfiche/film, de
reproduction sur papier ou sur format
électronique.

L’auteur conserve la propriété du
droit d’auteur qui protége cette theése.
Ni la thése ni des extraits substantiels
de celle-ci ne doivent étre imprimés
ou autrement reproduits sans son
autorisation.



ABSTRACT

Halogenated aromatic hydrocarbons such as polychlorinated biphenyls (PCBs)
comprise some of the most toxic and persistent environmental pollutants associated with
various developmental and reproductive effects in mammals, birds and fish. It has been
previously reported that PCBs induce oxidative stress through various mechanisms
including increased production of reactive oxygen species, lipid peroxidation and altered
antioxidant status; and oxidative stress can modify B-adrenoceptor (B-AR) function. This
thesis examines the effects PCBs on B-AR function in an avian model, to test the
hypothesis that if PCB toxicity in the liver is mediated in some part by oxidative damage,
such as increased lipid peroxidation, then the function of a membrane-bound receptor,
such as the B-AR, may be modified through oxidative damage to membrane lipids.

Injection of 1.6 ug PCB 126/kg egg into the air cell prior to incubation increased
the % mortality and the incidence of abnormalities, including liver lesions and
subcutaneous edema, in day 19 chicken (Gallus domesticus) embryos. Hepatic lipid
peroxidation and EROD activity were significantly increased in PCB 126-treated
embryos. These results indicate that the dose of PCB 126 used in this study induced a
significant toxic response in day 19 embryos.

Pharmacological characterization of chick embryo hepatic 8-ARs showed that
they preferentially bind mammalian B,-agonists and ant_agonists. PCB 126 significantly
decreased hepatic B-AR affinity (K;) compared to vehicle-treated embryos. There were,
however, no significant differences between control and PCB 126-treated embryos, or
control and vehicle-treated embryos. This suggests there is an effect of the corn oil
vehicle; it may protect the liver from increased lipid peroxidation and potential alterations
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in membrane fluidity. No significant differences in hepatic B-AR numbers (Bmax) were
found between control, vehicle and PCB 126-treated embryos.

Future studies should focus on specific changes in membrane fluidity and
membrane lipid composition to further examine the role of oxidative damage in
mediating effects such as changes in membrane structure and function, and the

implication of these changes to membrane-bound protein function.
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RESUME

Les hydrocarbures aromatiques halogénés, dont les biphényles polychlorés
(BPCs), figurent parmi les polluants environnementaux les plus toxiques et persistants
ayant des effets néfastes sur le développement et la reproduction des mammiféres,
oiseaux et poissons. Des études antérieures ont démontré que les BPCs créent un stress
oxydatif par I’intermédiaire de plusieurs mécanismes tel la formation de radicaux libres et
la peroxydation lipidique. Le stress oxydatif peut entrainer une modification du
fonctionnement des récepteurs adrénergiques de types B ou B-adrénocepteurs (B-AR). A
I’aide d’un modéle avien, cette thése examine 1’effet des BPCs sur le fonctionnement des
B-ARs. L’hypothése avancée stipule que la toxicité des BPCs dans le foie provient en
partie du dommage causé par les oxydants, plus précisément la peroxydation lipidique
membranaire, qui pourrait donc modifier le fonctionnement des récepteurs membranaires
tel les B-ARs.

Une injection de 1.6pg BPC 126/kg d’ceuf, avant la période d’incubation, dans le
réservoir d’air augmente le pourcentage de mortalité et la fréquence d’anormalités, dont
des Iésions au foie et des accumulations d’eau sous-cutanée, chez I’embryon de poulet
(Gallus domesticus) de 19 jours. Les résultats démontrent une augmentation significative
de la peroxydation des lipides hépatiques et de I’activité de I’enzyme 7-éthoxy
résorufine-O-dééthylase chez les embryons traités au BPC 126, indiquant par le fait
méme un dosage adéquat afin de produire une réponse toxique chez les embryons de 19
jours.

La caractérisation pharmacologique des B-ARs hépatiques d’embryon de poulet
démontre que ces demiers se lient préférablement aux agonistes et antagonistes
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adrénergiques de type B2 des mammiféres. Les embryons traités aux BPC 126 ont une
diminution significative de I’affinité (K;) des -ARs hépatiques comparé aux embryons
traités au véhicule. Par contre, aucune différence significative n’a été observée entre le
K4 des B-ARs hépatiques des embryons contréles et ceux traités aux BPC 126, de méme
que pour le K4 des B-ARs hépatiques des embryons contrdles et ceux traités avec le
véhicule. Ceci semble indiquer la présence d’un effet causé par le véhicule (I’huile de
mais). Il est possible que le véhicule protége le foie des embryons contre I’augmentation
de la peroxydation des lipides pouvant affecter la fluidité des membranes et ainsi le K;.
On n’observe aucune différence significative dans le nombre de B-AR (Bmx) entre les
embryons contrdles et ceux traités avec le véhicule ou les BPCs.

Des études futures devraient porter sur les changements de fluidité membranaire
et de composition lipidique des membranes afin d’examiner d’avantage le rdle que joue
le dommage des oxydants sur la structure et le fonctionnement des membranes, sans
oublier I’impact de ces changements par rapport au fonctionnement des protéines

membranaires.

v



ACKNOWLEDGEMENTS

There are many people who deserve credit for helping me through this project and
most importantly, seeing it come to an end. First of all, I would like to thank Tom Moon
for his guidance and input. Working with him has been an outstanding experience and |
feel privileged to have been a “Moonie™ these last couple of years. No worries Tom... I’ll
take the lava lamp and disco ball with me when I leave! [ would also like to thank Sean
Kennedy (Canadian Wildlife Service) for his input and advice with the toxicology aspects
of this project. Many thanks to everyone in Sean’s lab, especiaily Stephanie Jones and
Angela Lorenzen for introducing me to the wonders of the egg world. I would like to
thank Xiaolei Jin for all her help; she’s been an invaluable source of information
throughout the course of this project. My committee members, Jim Fenwick and Cam
Wyndam also deserve thanks for contributing their ideas to this project. I would like to
thank Jules Blais for allowing us to use his lab for our PCB analysis, and Linda Kempe
for helping with the protocol development and validation. I thank Tamara DiMuccio, an
honors student in our lab, for her work on the EROD assays.

My fellow Moonies, Michel Lortie and Stephen Dugan, deserve many thanks for
seeing me through countless binding assays and broken beta-counters... thanks, Mike for
bringing ice-cream to the potluck and Doogie, for eating peanut butter everyday! And of
course Moonies past and present: Nicola, Nada, Martin, Marosh, Jamie, Christian, Steve,
Carol and Caroline — thanks for all the snacks, good chats and especially the laughs! 1
would also like to thank everyone in Perry’s lab: Alex, John, Katherine, Colin, Pat and
Stu, as well as some of those Trudeau followers across the hall: Doug and Katherine L.
Many thanks also go to Emilie, Kerry and Ten. All of you made the last two years an
unbelievably great time!



TABLE OF CONTENTS

ABSTRACT
ACKNOWLEDGEMENTS
TABLE OF CONTENTS
LIST OF ABBREVIATIONS
LIST OF TABLES
LIST OF FIGURES
INTRODUCTION
1.1 PCBs in the Environment
1.2 PCB Toxicity: Field and Laboratory Studies
1.3 HAH Mode of Action: The Aryl Hydrocarbon Receptor
1.4 Cytochrome P450s
1.5 Oxidative Stress: A Mediator of the Effects of PCBs
1.6 The Beta-Adrenergic Receptor (B-AR)
1.7 B-ARs and Xenobiotics
1.8 Oxidative Stress Effects and B-AR Function

1.9 Objective and Hypothesis of Study

MATERIAL AND METHODS
2.1 Egg Injection Protocol
2.2 Liver Membrane Preparation
2.3 Hepatocyte Isolation

2.4 B-Adrenoceptor Binding Assays

Page No.

w

N b

13

15

17

18

20

21

22



2.5 Competition Assays

2.6 Lipid Peroxidation

2.7 EROD Activity in Liver Microsomes
2.8 Analysis of PCB Tissue Concentration

2.9 Statistics

RESULTS
3.1 Effects of PCB 126 Injection
3.1.1 Embryotoxicity
3.1.2 EROD Activity

3.1.3 PCB 126 Tissue Analysis

3.2 Characterization of the Avian Hepatic f-Adrenoceptor

3.2.1 Competition Assays

3.3 Effect of PCB 126 on Lipid Peroxidation and B-AR Binding Curves
'3.3.1 Lipid Peroxidation

3.3.2 B-AR Saturation Curves

DISCUSSION
4.1 Mortality and Abnormalities
4.2 EROD Activity
4.3 PCB 126 Tissue Content
4 4 Pharmacological Characterization of the Chick B-AR

4.5 Lipid Peroxidation

26

27

29

30

32

32

32

32

41

41

50

58

vii



4.6 B-AR Saturation Assays

4.7 Does Oxidative Stress Play a Role in PCB-Induced
Alterations of B-AR Function?

4 8 Conclusions

REFERENCES

APPENDIX

69

74

76

viii



CAT
CGP
EROD

GPx

GSSG
HO,

MFO
Oz.-
OH’
PAH
PCB
PCDD
PCDF
PHS
PROC
ROS
SOD
TBARS
TCDD
XO

ABBREVIATIONS

adenylyl cyclase

aryl hydrocarbon hydroxylase

aryl hydrocarbon receptor

adrenergic receptor

aryl hydrocarbon nuclear translocator protein
bromoacetyl alprenolol menthane

catalase

(-)4-(3-t-butylamino-2-hydroxypropoxy)-{S,7-benzimidazol-2-one])
ethoxyresorufin-O-deethylase
G-protein coupled receptor
glutathione peroxidase

glutathione reductase

glutathione disulfide

hydrogen peroxide

halogenated aromatic hydrocarbon
lipoxygenase

mixed function oxidase

superoxide anion

hydroxyl radical

polycyclic aromatic hydrocarbon
polychlorinated biphenyl
polychiorinated dibenzodioxin
polychlorinated dibenzofuran
prostaglandin-H-synthase
procaterol

reactive oxygen species

superoxide dismutase

thiobarbituric acid reactive substances
2,3,7,8-tetrachlorodibenzo-p-dioxin
xanthine oxidase

xenobiotic responsive element



LIST OF TABLES

Table No.

1-1.

3-3.

Environmental Levels of PCBs in Various Bird Species

Effects of PCB126 in Laboratory Studies

Effects of PCB126 on Mortality Rate, Abnormalities, Liver

and Embryo Weight

Mean Inhibitory Constants (K;) for B-AR Agonists

and Antagonists

B-AR Binding Affinities (K4) and Number

of Binding Sites (Bmax)

Page No.

33

47

57



LIST OF FIGURES

Figure No. Page No.
1-1.  General Structures of HAHs 1
1-2.  Working Model for Induction of CYPIA 7

1-3.  Biochemical Pathways of ROS Formation, Cytoprotection

and Macromolecular Damage 10

3-1. EROD activity in liver microsomes 35
3-2. Hepatic PCB126 content 38
3-3. Sample chromatograph 40
34. B-AR agonist competition assay 43
3-5. B-AR antagonist competition assay 45
3-6. Hepatic lipid peroxidation 49
3-7. A B-AR saturation curve in control hepatocytes | 52
B. Scatchard analysis | 52

3-8. A B-AR saturation curve in vehicle-treated hepatocytes 54
. B. Scatchard analysis 54
3-9. A. B-AR saturation curve in PCB126-treated hepatocytes 56
B. Scatchard analysis 56

A-1. GC calibration curve for PCB126 91
A-2. GC calibration curve for Mirex 91
A-3. GC calibration curve for PCB204 93
A-4. GC calibration curve for PCB30 93



CHAPTER11:

INTRODUCTION



1. INTRODUCTION

Anthropogenic activities in the last century have led to global environmental
contamination by a variety of synthetic chemicals; however only since World War I
have widespread epizootics, or wildlife epidemics, been observed and attributed to the
use of man-made chemicals. Halogenated aromatic hydrocarbons (HAHs), including
polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs) and
polychlorinated biphenyls (PCBs) comprise some of the most toxic and persistent
environmental pollutants associated with various developmental and reproductive effects
in mammals, birds and fish (reviewed by Peterson et al. 1993).

PCBs were introduced in the 1930s as an advance in industrial safety. Due to their
low flammability and cheap production cost, PCBs were widely used in electrical cables,
capacitors and transformers (Rogan and Gladen 2000). In addition, their useful optical
and solvent properties led to use in immersion and cutting oils, fluid insulators, pesticide
dispersants and suspension vehicles (De Voogt and Brinkman 1989). PCBs, PCDDs and
PCDFs are all structurally similar in that they all have paired phenyl rings with varying

degrees of chlorination (Fig. 1-1).

PCB PCDD PCDF

Figure 1-1. General Structures of the Halogensted Aromatic Hydrocarbons. PCB-polychlorinated bi
PCDD-polychiorinated dibenzodioxin; PCDF-polychlorinated dibenzofiran. O= artho- ;
P=para- ; M= meta- ; chlorine substitution position.



Up to 10 positions on the biphenyl ring may be chlorine substituted, leading to
209 potential PCB congeners. Over a 50-year period, more than a billion kilograms of
PCBs were produced and 135 individual congeners have been identified in environmental
samples (Erickson 1986). PCB mixtures were commercially sold under a variety of trade
names, such as Aroc:lor“‘, Chiophen™, Kaneclor™ and Fenclor™.

Concern over the toxic potential of PCBs to human health was sparked by the
report of a mass accidental poisoning incident in 1968 in Kyushu, Japan. Over 1000
people were exposed to PCBs (among other HAHs) after using contaminated rice oil.
Symptoms of their exposure included chioracne, and abnormalities in hepatic and
nervous system function (Kuratsune et al. 1971). In addition, children bomn to exposed
mothers were reported to be small, hyperpigmented and had inflamed conjunctival
glands. A similar incident involving PCB-contaminated cooking oil occurred 10 years
later in Taichung, Taiwan, where exposed individuals exhibited chloracne and skin
hyperpigmentation. Children born to exposed Taiwanese mothers showed speech
problems, developmental and psychomotor delays (Rogan and Gladen 2000), and scored
lower on developmental/cognitive tests than non-exposed children of the same age (Hsu
et al. 1988). These incidents highlighted the potential impact of PCBs on human health,
leading to a ban on PCB use in the late 1970s. However, because of the high degree of
chlorination in certain PCB congeners, they resist biodegradation and persist in various
environmental niches, even reaching remote regions of the Arctic through atmospheric

transport and deposition (Tanabe 1988).



1.1 PCBs in the Environment

Different classes of PCB congeners, depending on the position and number of
chlorine substitutions, elicit a wide spectrum of biological responses. Toxicity is, in part,
determined by the chlorine substitutions in the meta- and para-, as opposed to ortho-,
positions (Fig. 1) on the biphenyl ring (Safe 1994). Non- or mono-ortho substituted
congeners, like 3,3',4,4',5-Pentachlorobiphenyl (PCB 126) can assume a relatively planar
conformation and induce toxic responses similar to those of the laterally chlorinated
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD), the most toxic of the dioxin congeners
(Peterson et al. 1993). PCBs are known to bioaccumulate along food chains, due to their
lipophilic nature and resistance to biotransformation (Kimbrough and Jensen 1989).
Bioconcentration within food chains results in elevated levels of dietary contaminants in
top level predators, such as carnivores (Macek and Kom 1970).

The colonial fish-eating birds of the Great Lakes are a valuable sentinel species
for studying the effects of persistent organic chemicals for a number of reasons (Fox
1993): (1) they are top-level predators; (2) the Great Lakes food chains have a history of
toxic chemical induced injury and impairment; (3) they are widely distributed and species
such as the herring gull and bald eagle nest year round; and (4) their behavior is well-
studied. Other birds, such as seabirds, are also especially vulnerable to PCB accumulation
again due to their position in the food web and high concentration of PCB deposits along
coastlines and the open sea (Safe 1994; Fox 1993).

Table 1-1 summarizes a number of recent studies examining PCB levels in

various bird species and geographic locations.



Table l-l. Envu'omnental Levels of PCBs in Various Bird Species
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1.2 PCB Toxicity: Field and Laboratory Studies

Deleterious effects such as wasting syndrome, immunotoxicity, impaired

reproduction, porphyria and related liver damage, skeletal malformities and endocrine

dysfunction in mammals have long been associated with dioxins, PCBs and structurally

related HAHs (Hoffman et al. 1996). The fish-eating birds of the Great Lakes also exhibit
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teratogenic and reproductive dysfunction as a result of high PCB accumulation (Guruge
et al. 2000). Although there are species-specific differences in sensitivity to PCBs, in all

cases the embryonic stage is considered most sensitive (Cantrell ez al. 1998).

Embryotoxic effects of PCBs and HAHs observed in both field and laboratory studies

include decreased hatchability, congenital malformations, edema, reduction in organ and

body weight, induction of hepatic mixed function oxidases and embryonic wasting (Murk

et al. 1996; Elliot et al. 1996). Recent laboratory studies examining the effects of

PCB126 on various bird species are summarized in Table 1-2.

_Table 1-2. Effects of PCB126 in Laboratory Studles
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A similar order of HAH toxicity is apparent across a diverse range of vertebrates, with
TCDD being the most toxic, followed by coplanar compounds such as non- or mono-
ortho PCBs (Cantrell et al. 1996). This suggests there is an evolutionary conserved
mechanism mediating the potent developmental and reproductive toxicity of these

compounds.

1.3 HAH Mode of Action: The Aryl Hydrocarboa Receptor

The discovery of a specific, high-affinity cytosolic receptor that binds PCBs and
other toxic HAHs significantly improved our understanding of the mode of action of
these compounds. Poland and Glover (1975) dubbed this receptor the “aryl hydrocarbon™
receptor (AHR). The unliganded AHR exists as a complex, comprised of the receptor
itself, two heat shock proteins (hsp90°’s), and other proteins (Poellinger e al. 1993). It has
been postulated that two different overlapping binding sites, 3x10 A for HAHs (Poland
and Knutson 1982) and 7x14 A for PAHs (Landers and Bunce 1991) exist on the AHR.
Ligand binding intiates activation of the cytosolic AHR, the dissociation of the hsp’s and
subsequent translocation into the nucleus, where a heterodimer is formed between the
AHR and a nuclear translocator protein (ARNT) (Hahn 1998; Reyes ez al. 1992). The
AHR-ARNT complex is unique in that it is the only member of the base-loop-helix-loop
(bHLH/PAS) gene family whose activity is dependent on the binding of a ligand (Chang
and Puga 1998). Gene transcription is activated by the AHR-ARNT complex binding to

the DNA consensus sequence commonly referred to as the xenobiotic responsive element



. (XRE) in the regulatory domains of the dioxin/PCB responsive genes (Jones ét al. 1986;
Neuhold ez al. 1989).

It should be noted that by themselves, neither the AHR nor ARNT show any
detectable affinity for the XRE sequence until the AHR-ARNT complex is formed
(Poellinger et al. 1993).

Several of the genes which are transcriptionally regulated by the AHR-ARNT
complex are Phase I and Phase II drug-metabolizing enzymes, including cytochrome
P450s (Fig. 1-2), glucuronosyltransferases, glutathione transferases and aldehyde

dehyrogenases (Nebert and Gonzalez 1987).
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Figure 1-2. Working model for the induction of CYP1A transcription by AHR-ligands

1.4 Cytochrome P450s
The AHR-dependent induction of the CYPIA! gene leads to the expression of

cytochrome P4501A1 (Whitlock 1989). Cytochrome P450s are mixed function oxidases



(MFOs) capable of converting a hydrophobic substrate into a water-soluble derivative
(Whitlock ez al. 1989); therefore, these enzymes play a key role in the elimination,
detoxification, and in some cases, metabolic activation of the substrate. P450s metabolize
both endogenous (cholesterol, steroids, liposoluble vitamins, prostaglandins) and
exogenous (drugs, pesticides, organic pollutants) substrates (Riviere and Cabanne 1987).
They are integral membrane proteins found primarily in the endoplasmic reticulum and
mitochondria. The constitutive levels of cytochrome P450s varies considerably between
tissues, however their activity can be induced several fold following exposure to TCDD,
PCBs and other AHR ligands (Annas et al. 1998).

Cytochrome P450s catalyze phase I reactions involved in xenobiotic
biotransformation through oxidation of a lipophilic substrate by the activation of
molecular oxygen (Whitlock ez al. 1989). P450s function by introducing one oxygen
atom into the substrate while reducing a second oxygen atom to water (Riviere and
Cabanne 1987):

R-H + NADPH + O, + 2H" — R-OH + NADP" + H;O
Phase II biotransformation involves the conjugation of the oxygenated substrate with a
polar moiety, such as glucuronic acid or sulfate, via a transferase reaction (Whitlock et al.
1989). This process increases the water-solubility of the exogenous substrate and
facilitates its elimination.

To date, purification and classification of cytochrome P450s has led to the
identification of 74 gene families including 481 P450 genes and 22 pseudogenes (Walker
1998). However, only a few forms have been properly characterized in birds, with most

of this work done in domestic fowl (Gallus domesticus), a species very different from



many other avian species (Nelson ef al. 1996). Rifkind et al. (1994) characterized two
TCD-D-induced cytochrome P450 isoforms in chicken embryo liver, one showing
catalytic selectivity for arachidonic acid, and the second s;howing catalytic selectivity for
aryl hydrocarbon hydroxylase (AHH) and 7-ethoxyresorufin deethylase (7-EROD).
These two isoforms, TCDDaa and TCDDaun, are coinduced in the liver in equal amounts
and account for all the TCDD-induced P450.

EROD activity is commonly used as an “index of CYP/AI activity” because it is
principally catalyzed by CYPIA.I (Sinclair et al. 1997). Since induction of cytochrome
P4501A41 is reflective of xenobiotic binding to the AHR, EROD activity is considered a

reliable biomarker of AHR agonist exposure (Fox 1993).

LS Oxidative Stress: A Mediator of the Effects of PCBs
Numerous studies have implicated oxidative damage as a contributor to the

general toxicity syndrome of TCDD, PCBs and other P450 inducers (see reviews by
Stohs 1990 and Wells ef al. 1997). As a consequence of acrobic metabolism, various
.oxygen species are produced by a number of different enzymatic systems, however
oxidative stress occurs when the production of reactive oxygen species (ROS)
overwhelms the antioxidant capacity of a cell or multicellular system and subsequently
leads to oxidative tissue injury. Xenobiotics such as TCDD and PCBs have been shown
to induce oxidative stress in many model systems, including mammals (Albro et al. 1978,
Al-Bayati et al. 1987; Wells et al. 1997, Alsharif er al. 1994; Wells et al. 1997; Stohs et
al. 1986; Stohs 1990), fish (Cantrell ez al. 1996, Otto and Moon 1996) and birds
(Hoffman et al. 1996; Hoffman ef al. 1998). Xenobiotic bioactivation through



cytochromes P450, prostaglandin H synthases (PHS) or lipoxygenases (LPOs) may lead
to the formation of free radical reactive intermediates or quinone metabolites that
undergo redox cycling (Wells er al. 1997). Superoxide anions (O."), formed as a result
of xenobiotic metabolism, are detoxified by superoxide dismutase (SOD), which
catalyzes the reaction of O>" and H; to hydrogen peroxide (H,O) (Kelly ef a/. 1998).
However. increased cellular concentrations of superoxide and hvdrogen peroxide may
lead to formation of highly toxic, although short-lived, hydroxy! radicals (OH"). These
radicals are capable of irreversibly oxidizing cellular macromolecules such as lipids,
proteins and DNA (Kelly et al. 1998). Other H,O; detoxifying enzymes include catalase
(CAT) which rapidly dismutates H,O, to water and oxygen. Glutathione peroxidase
(GPx) is another important scavenger of H,O,, whose activity depends on the NADPH-
dependent reduction of glutathione disulfide (GSSG) by glutathione reductase (GR).

NADPH levels are maintained by glucose-6-phosphate dehydrogenase (G-6-PDH) (Wells

] *PHS G-6-PDH
et al. 1997) (Fig. 1-3). :l‘;fsoo G-6-P » 6-Phosphogluconate
NADP* NADPH
XENOBIOTIC eyt =
S /—\
P430 l GSH GSSG
SOD
°= > Ho+o,
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Figure 1-3. Postulated biochemical relationships among pathways of xenobiotic-initiated formation of
ROS, associated pathways of cytoprotection and macromolecular damage. PHS-prostglandin H synthase;
LPO-lipoxygenase; P450-cytochrome P450.
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Stohs et al. (1990) outlined various indicators of TCDD-induced oxidative cell
injury which included lipid peroxidation, DNA damage, changes in membrane fluidity,
disruption of Ca®* homeostasis, and changes in non-protein sulthydryl content and
NADPH content of hepatic subcellular compartments. Changes in these parameters were
measured over a 12-c_lay period following a single injected dose of 100ug TCDD/kg body
weight in female rats. The most pronounced effects were a 400-500% increase in hepatic
mitochondrial, microsomal and nuclear membrane lipid peroxidation and a 600%
increase in hepatic nuclear DNA strand breaks 3-5 days post treatment (Stohs ef al.
1990). Nﬁtochondn'al, microsomal and nuclear membrane fluidity gradually decreased
30-40%, which further substantiates TCDD-induced alterations in membrane structure
and function. Stohs et al. (1986) found that CAT significantly inhibited TBARS
formation (an indicator of lipid peroxidation) in microsomes of TCDD-treated rats,
suggesting a role for H;O, production in response to TCDD. Microsomal membrane lipid
peroxidation was also inhibited in a dose-dependent fashion by SOD, which additionally
suggests a role for the superoxide anion in TCDD-induced oxidative injury. Albro et al.
(1978) observed an accumulation of lipofuscin pigments (considered byproducts of lipid
peroxidation) in the hearts of TCDD-injected rats. After treating rats with 0.3-0.55ug
PCB126/kg, Hassoun et al. (2000) also observed a dose-dependent increase in hepatic
lipid peroxidation. In addition to oxidative stress induced alterations in membrane fluidity
as a result of membrane lipid peroxidation, PCBs have also been associated with
alterations in the physical characteristics of membrane lipids. Borlakogiu ez al. (1990)

showed that a single intraperitoneal injection of 1.5mmol Aroclor™ 1254/kg significantly
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ingteasedthedegreeofunsannaﬁon in pigeon hepatic microsomal membranes after 120
hours. Increased fatty acid desaturase activity, membrane proliferation and P450 activity
were also observed.

TCDD and related Ah ligands have also been shown to inhibit the activity of
antioxidant enzymes GPx in birds and SOD in rats, respectively (Stohs er al. 1986,
Hermansky et al. 1988a). Hoffman et al. (1996) noted a significant relationship between
hepatic PCB 126 concentrations and the increasing ratio of oxidized to reduced
glutathione (GSSG:GSH) in nesting American kestrals, indicating that TCDD and other
P450 activators may induce oxidative stress by inhibiting antioxidant enzyme activities,
by inhibiting the removal of ROS, leading to the accumulation of ROS.

Possible sources of ROS in response to TCDD and PCBs include macrophages,
microsomes and mitochondria (Stohs 1990). Olivero and Ganey (2000) showed that
PCBs stimulate the activation of neutrophils and subsequent superoxide production
through the activation of phospholipase A,. Macrophages produce superoxide anion and
hydrogen peroxide through a NADPH oxidase system, while microsomal production of
hydrogen peroxide, superoxide and hydroxyl radicals are mediated by the induction of
NADPH-dependent cytochrome P450. TCDD also activates xanthine oxidase (XO), an
enzyme which converts xanthine to uric acid via an oxygenation reaction. In addition to
being a source of reactive oxygen species, XO is activated in the presence of TCDD-
induced decreases in glutathione and sulfhydryl content (Hassan ez al. 1983).

If oxidative stress is a major mediator of the deleterious effects of TCDD and
other P450 inducers, then treatment with exogenous antioxidants or free radical
scavengers should decrease or eliminate TCDD-induced oxidative damage. Cantrell e al.
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(1996) observed DNA degradation, lipid peroxidation and loss of functional integrity in
cells of the embryonic vasculature of TCDD-treated medaka, while administration of the
antioxidant N-acetylcysteine significantly protected the embryo against these effects.
Treatment with piperonyl butoxide, a cytochrome P4501A1 inhibitor, also provided
complete protection from the embryotoxicity of TCDD, suggesting that induction of
P4501A1 contributes to increased cellular oxidative stress.

1.6 The Beta-Adrenergic Receptor (B-AR)
The catecholamines adrenaline and noradrenaline bind to adrenergic receptors

(ARs). These receptors were originally classified into the a- and B-subtypes by Alquist
(1948). All adrenoceptors are members of the superfamily of seven transmembrane-
spanning domain G-protein coupled receptors (GPCR) which includes receptors for
peptide hormones such as glucagon, vasopressin and dopamine and other bioactive
amines (Fabbri ef al. 1998). With advances in molecular biology and radioligand binding
techniques, Alquist’s original a- and B-receptors have been further subdivided into a; (A,
B, C), a: (A, B, C, D) and B, B2, B3 (Fabbri er al. 1998).

| The metabolic effects of the binding of adrenaline and noradrenaline to the B-AR
include the stimulation of hepatic and muscular glycogenolysis, gluconeogenesis in the
liver, and lipolysis in the adipose tissue, resulting in a net increase in blood glucose and
fatty acid concentrations. The B-AR also mediates the cardio-stimulatory effects of
catecholamines through increases in cardiac output, heart rate, and rate and strength of
cardiac contractions (Rhoades and Pflanzer1996).
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The physiological and structural properties of the 8,-AR have been thoroughly
investigated. The first B-AR to be sequenced and cloned in birds was from the
erythrocyte membrane of turkey. The turkey B-AR is a 54kDa receptor composed of 483
amino acids (Yarden et a/. 1986). It is predominantly arranged in seven membrane-
spanning sequences with a long cytoplasmic carboxy-terminus. The extra-cellular amino-
terminal domain contains a consensus sequence for N-glycosylation.

The signal transduction pathway of the $-AR is dependent on the activation of
membrane-bound adenylyl cyclase (ACase). ACase is activated by the binding of GTP to
a regulatory G, protein on the inner surface of the cell membrane (Yarden et a/. 1986).
Activated ACase increases intracellular concentrations of cyclic AMP (cAMP) that
subsequently activates various intracellular protein kinases A. Because the B-AR, the G-
protein and ACase are all embedded in the cell membrane, their activity may be
influenced by the fluid state of the membrane. Alberts et al. (1989) reported that the
fluidity of the membrane allows the AR and G-proteins to move laterally within the
membrane. Additionally, the activation of ACase is dependent on the collisions between
the molecular components of the signal transduction pathway, and changes in the bilayer
ﬂﬁ&w may directly influence the activity of this pathway (Houslay 1986).

There is scant information on the pharmacological characterization of the avian
a-AR or 8-AR. Reithmann ef al. (1987) characterized the adult chicken heart muscle
ARs as mainly the B,-subtype, according to mammalian classification, while the non-
muscle cells were mainly B>-AR. Port et al. (1992) reported chick embryo myocytes to

possess a mixed population of B,/f,-subtypes. Dickinson et al. (1981) concluded that the

14



chick erythrocyte had a mixed population of B-ARs, unlike either the mammalian §,- or

B-AR

1.7 B-ARs and Xenobiotics

Despite the lack of studies addressing possible receptor-level compensation to
polycyclic aromatic hydrocarbon (PAH) exposure, Steevens et al. (1996) hypothesized
that xenobiotic exposure may result in receptor down- or up-regulation, as a
compensatory response to chemical stress. To test this hypothesis, a field study was
conducted on brown bullheads (Ameiurus nebulosus) from the Black River, Ohio, a site
with a known history of PAH contamination, including benzo[a]pyrene and
benz[a]anthracene, resulting from a coking plant effluent prior to 1983. A 1982 survey of
the brown bullheads showed a 60% incidence of liver tumors and 39% incidence of
cancers (Baumann et al.1982). The bullhead survey was repeated in 1987, after the plant
closure in 1983, and the incidence of liver tumors and cancers decreased to 32% and
10%, respectively (Baumann and Harshbarger 1995). However, following PAH-
contaminated sediment removal by dredging in 1990, the incidence of tumors and the
ambient PAH concentrations were increased compared to the values obtained from the
1987 survey (Jones 1996). Bullheads from the Black River and Old Woman Creek (a
reference site), aged 3 years and older, were collected in May of 1993. B-AR affinity (K4)
and number (Bmax) Were measured in membranes from gill, heart and brain. The number
of receptors was reduced by 2.4-fold in the gill membranes of Black River bullheads,
with no change in binding affinity. No significant changes in K4 and By« were detected
in the heart or brain ARs of fish from either sampling locations.
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A previous study using chick embryos also showed that treatment with PCBs
decreased the contractile response of cardiac ventricular muscle to f-AR stimulation
(R:ﬂcmd et al.1984). Studies performed on isolated atrial and ventricular muscle strips
following in vivo or in ovo treatment with TCDD showed that TCDD decreases -AR
mediated contraction in rat (Hermansky er a/. 1988b), guinea pig (Brewster et al. 1987,
Canga et al. 1988) and bird (Canga et al. 1993) hearts. Muscle contractility was measured
as the ability of an isolated strip to generate tension (recorded using a myogram or force
transducer) following the addition of isoproterenol, a $-AR agonist, to the tissue bath
surrounding the strip. In all of the aforementioned studies, treatment with TCDD
compromised the contractile strength of the heart, however, whether this was duetoa
direct effect on the muscle or due to a disruption of the B-AR pathway was not
determined. TCDD may cause a down-regulation of B-ARs or reduce the sensitivity of
the receptor for its agonist; however, neither receptor density nor affinity for
isoproterenol were measured in this study. Canga et al. ( 1993) reported no significant
difference in total cAMP production in control or TCDD-treated chick embryos;
however, this result may not take into consideration subcellular changes in cAMP that
n;ay not reflect changes in the whole organ. The effects of TCDD on B-AR-mediated
contraction are also consistent with the AhR-mediated action of TCDD, as treatment with
phenobarbitol (a P450 inducer which is not an AhR ligand) failed to affect the contractile
ability of the heart (Canga et al. 1993).
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1.8 Oxidative Stress Effects and B-AR Function

A number of studies using mammalian models have suggested that oxidative
stress can alter B-AR function. Haenen et al. (1990) exposed ventricular membranes, and
atrial and ventricular muscle strips to 0.1mM cumene hydrogen peroxide to induce
oxidative stress. The formation of cCAMP, a critical second messenger in B-AR signal
transduction, was reduced in both atrial and ventricular membrane preparations.
However, oxidative stress did not alter cAMP production in membranes incubated with
forskolin, which directly stimulates ACase circumventing binding to the -AR. This
finding suggests that reduced cAMP formation during oxidative stress is most likely
caused by an uncoupling between the receptor and ACase or the associated G-protein.
Haenan et al. (1990) also observed an increase in the number of -ARs on ventricular
membranes after treatment with camene hydroperoxide, and the maximal inotropic
response of the muscle strips to isoproterenol (a $-agonist) was reduced by 50%. Persad
et al. (1998) showed that hydrogen peroxide reduced ACase activity in rat heart
membrane preparations, although direct effects on B-AR density and agonist affinity
varied with the receptor subtype (8, vs B>).

Reduction in membrane fluidity can depress B-AR signal transduction (Peters
1988). Oxidative stress-induced lipid peroxidation is known to decrease membrane
fluidity, therefore the reduced cAMP formation after oxidative stress may possibly be
attributed to the effects of lipid peroxidation on the physical state of the membrane.
Persad et al. (1998) have suggested that increased lipid peroxidation decreases the
fluidity of myocardial plasma membranes; this can lead to the uncoupling of the B-AR-G

protein-ACase complex, hence hindering cAMP production and overall B-adrenergic
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stimulation of the heart. Since TCDD similarly induces lipid peroxidation in the heart, the
decreased B-adrenergic responsiveness of hearts following treatment with TCDD may be

mediated by lipid peroxidation and subsequent impairment of B-AR signal transduction.

L.9 Objective and Hypothesis of Study

Despite the ever-increasing body of knowledge on the toxic effects of PCBs, the
molecular mechanisms by which these compounds exert their effects after AHR-induced
gene transcription remain unclear. Two conclusions drawn from the aforementioned
studies include: (1) PCBs induce oxidative stress through various mechanisms including
increased production of ROS, lipid peroxidation and altered antioxidant status; and,
(2) oxidative stress (whether xenobiotically induced or not) can modify B-AR function
and signal transduction by altering receptor density, reducing ACase activity and/or
cAMP production. To date there have been no studies examining the effects of AHR-
ligands, such as PCBs, on B-ARs in an avian model, therefore the objectives of this study
are to (1) pharmacologically characterize the B-ARs in the chick embryo liver; (2)
determine if a parameter of oxidative stress, lipid peroxidation, is induced by the in ovo
tréatment of PCB126; and, (3) determine the effects of PCB126 injection in ovo on the
liver B-AR density (Bmax) and affinity (Kj).

The hypothesis is that if PCB toxicity in the liver is mediated in some part by
oxidative damage, such as increased lipid peroxidation, then the function of a membrane-
bound receptor, such as the B-AR, may be modified through oxidative damage to

membrane lipids. If decreased adrenergic responsiveness is due to some effect at the
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receptor level, then in ovo injection of PCB126 may result in (i) decreased receptor
affinity for an endogenous or synthetic agonist, or (ii) decreased receptor density.

In addition, general toxicity of PCB126 will be evaluated in day 19 chicken
embryos in terms of observable abnormahtles and mortalities, EROD induction, and the
resulting hepatic concentration of PCB126 after injection into the air cell of the egg.
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CHAPTER 2:

MATERIALS AND METHODS



2. MATERIALS AND METHODS

2.1 Egg Injection Protocol

White Leghorn (Gallus domesticus) chicken eggs were obtained from Agriculture
Canada (Ottawa, ON, Canada). Prior to incubation, eggs were weighed and candled to
determine the location of the air cell. The injection surface was sterilized with 70%
ethanol and injections of PCB 126 or vehicle were performed in a sterile transfer hood.
Two small holes, approximately 1mm diameter, were drilled on the egg surface using a
Multi-Tool drill (RYOBI America Corporation, Anderson, SC, USA). Using sterilized
pipette tips, PCB126 or a com oil vehicle were injected into the air cell of each egg. A
PCB126 stock solution (8ug/mlL) was prepared by dissolving Smg of >99% PCB126
(Ultra Scientific, Kinstown, RI, USA) in 2mL dichloromethane; this stock was further
diluted (2:3 v/v) into sterile-filtered corn oil (100% Pure Mazola, Best Foods Canada
Inc., Etobicoke, ON, Canada). The stock solution was placed in a sterile transfer hood
for at least 6 hours following preparation to allow the dichloromethane to evaporate prior
to injecting the eggs. A standard injection volume of 10ul/50g egg was adjusted for
individual eggs to give a final concentration 1.6ug PCB 126/kg. This dose was chosen
based on the results of a dose response study using 0.4-2ug PCB 126/kg, which yielded a
LDS5O0 of approximately 1.5ug/kg (Jin et al., 2001). After injection, both holes were
sealed with melted paraffin wax and a small square of scotch tape was placed over the
wax and injection site. Eggs were placed on their side in plastic trays and incubated for

19 days at 37°C and 65-75% humidity in an egg incubator (Ocatagon 250, Brinsea
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Products Lid,, England, UK) with automatic rotation. Eggs were candled during
incubation and non-fertile eggs and dead embryos were removed. On day 19, embryos
were rapidly removed from the eggs, sacrificed by decapitation and weighed after
removing the yolk sac. Livers used for TBARS, EROD and tissue analysis were rapidly
removed, rinsed with 0.9% saline, weighed and quickly frozen in liquid nitrogen.
Samples were stored at —80°C until analyses were undertaken.

2.2 Liver Membrane Preparation

Crude membrane fractions were isolated based on methods previously described
by Daveloose et al. (1993) following dissection of approximately 3040 livers from day
19 embryos. The livers were quickly removed and placed in a petri dish on ice containing
Hepes-Earle buffer (115mM NaCl, 1.8mM CaCl,, 0.8mM MgCl,, 5SmM glucose, 2.5mM
Hepes, pH 7.4). The livers were rinsed several times with buffer at 4°C, then minced and
rinsed again in Hepes buffer (150mM NaCl, 0.8mM MgCl,, 10mM Hepes, 10 Phenyl
methyisulfonyl fluoride (PMSF), pH 7.4), and homogenized (1:9 volumes of buffer)
using a Potter-Elvehjem Teflon-glass homogenizer attached to a hand-held Black &
Decker drill running at medium speed for 10-20 sec. The homogenate was centrifuged at
1900 x g for 10 min in a Sorvall RC 5B Plus (SS 34 rotor) centrifuge (Dupont Co.,
Newton, CT, USA) at 4°C. The supernatant was further centrifuged at 40000 x g for 20
min at 4°C. The resulting pellet was resuspended in Tris buffer (SOmM TrisHCI, 10mM
MgCl,, adjusted to pH 7.4) and centrifuged at 40000 x g for 15 min at 4°C for a total of
three washes. The final pellet was resuspended in Tris buffer (S0mM TrisHCl, 10mM
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MgCl,, adjusted to pH 7.4), aliquotted into 1.5mL plastic microcentrifuge tubes, frozen in
liquid nitrogen and stored at -80°C until used.

2.3 Hepatocyte Isolation

Hepatocytes were isolated from livers of day 19 embryos using methods
previously described for White Leghorn chicken embryos (Fischer and Marks 1976;
Kennedy et al. 1993). Approximately 3545 embryos were decapitated, the livers were
removed and rinsed in Krebs-Ringer buffer (KRB) (48mM NaCl, 120mM KCI, 1.0mM
CaCl,eH20, 1.2mM MgSO,e7H;0, 1.2mM KH;PO,, 25SmM NaHCO;, pH ~7.2-7.4).
Livers were pooled, minced with a razor blade and digested in 7SmL KRB containing
400U/mL Type IV hepatocyte collagenase (Sigma, St Louis, MO, USA) for 45-50 min
with gentle shaking in a 37°C water bath. Following tissue disassociation, the
collagenase/liver solution was filtered through four CellMicroSieves™ (200, 100, 50, 25
pum, BioDesign Inc., Carmel, NY) and 100mL of 2% bovine serum albumin (essential
fatty-acid free BSA, 2g dissolved in 100mL KRB) (ICN Biomedicals Inc., OH, USA)
was added to the filtrate. The filtrate was centrifuged for 5 min at 300 x g using a
Beckman GS-6 centrifuge (Beckman Instruments Inc., Fullerton, CA, USA) at room
temperature (21°C), in four SOmL polystyrene centrifuge tubes. The resulting pellets
were combined and resuspended in 25mL of Waymouth Medium (Gibco, Burlington,
ON, Canada) and 24mL of Percoll (Pharmacia Biotech, Sigma, St.Louis, MO, USA) and
sucrose to remove the blood cells. The percoll-sucrose solution was prepared by
combining 90mL of Percoll with 10mL of 2.5M sucrose; 24mL aliquots of this medium
were placed in four sterile polystyrene tubes and refrigerated until used. The hepatocyte

22



su.spensionwascentrifumdatSOngor 10 min as above. The upper cell layer was
carefully removed from the medium with a glass Pasteur pipette and transferred to a pre-
weighed 15mL polystyrene centrifuge tube and resuspended in 10mL of DNAse (1mg of
4000U/mg DNAse I, Sigma, in 100mL KRB). The tube was gently rocked by hand for 5-
8 min until the clumps disappeared, and again centrifuged at 50 x g for 5 min. The
resulting supernatant was discarded and the pellet was rinsed with Waymouth medium
and centrifuged at 50 x g for 5 min two additional times. After the final centrifugation,
the medium was discarded and the pellet was weighed and resuspended in Waymouth
medium at a concentration of 100mg cells per mL. The cells were placed in an incubator
(Forma Scientific, Caltec Scientific, Mississauga, ON, Canada) at 37°C,

3.9% CO; for approximately 1h before being used.

Cell viability was measured in a live/dead-staining assay using a Zeiss Axiophot
fluorescent microscope (Carl Zeiss Inc., West Germany). Fluorescein diacetate (Smg/mL)
(Molecular Probes Inc., Eugene, OR, USA) dissolved in acetone is stored frozen (-30 °C)
until use. An ethidium bromide (Molecular Probes Inc.) stock solution (1mg/mL) is
prepared in 1x Hanks' buffer, and diluted further to a 100ug/mL working solution by
diluting 1mL ethidium bromide in 9mL of 1x Hanks' buffer. The stain was made for daily
use by combining 7.5uL fluorescein diacetate, SOuL ethidium bromide and 1.2mL 1x
Hanks' buffer in a foil-wrapped 15mL disposable centrifuge tube, capped and vortexed
for 5-10 sec. A 1:1 volume of stain:cells dilution is used to count live and dead cells;

dead cells are red and live cells are green under a fluorescent microscope.



2.ft pB-Adrenoceptor Binding Assays

Binding assays were performed according to methods previously published by our
laboratory (Dugan and Moon 1998). Hepatocytes prepared from separate pools of livers
from control, vehicle (com oil) and dosed (1.6ug PCB126/kg) eggs were assayed
following a 1h rest period following isolation (see above). The tritium-labeled
hydrophilic mixed B-AR antagonist (-)-"H-CGP 12177 ((-)-4-(3-t-butylamino-2-
hydroxypropoxy)-{5,7-"H]benzimidazol-2-one) (Amersham Canada Ltd., Oakville, ON;
specific activity S0Ci/mmol) was used in saturation experiments to characterize B-AR
binding sites. Fifty uL of hepatocytes (suspended at 100mg cell per mL in Weymouth
medium) were incubated in SmL Falcon polystyrene round-bottom clear tubes with 90uL
of Tris buffer (SOmM Tris-HCl, 10mM MgClL,, pH 7.4) and 10uL of (-(-’H-CGP 12177
(at concentrations of 10, 5,2.5, 1, 0.5, 0.25, 0.1, 0.05 nM) to determine the total B-AR
binding on the isolated hepatocytes. Non-specific binding was determined in the presence
of S0uL of cells, SOuL of 10uM (-)-alprenolol (Sigma, St.Louis, MO, USA), 40uL of
Tris buffer, and 10uL of various (-)}-’H-CGP 12177 concentrations. At each *H-CGP
concentration, total (T; only *H-CGP) and non-specific (NS; *H-CGP + alprenolol)
samples were run in duplicate. The tubes were incubated at room temperature (21°C) for
2h. This incubation time was determined to be optimal by a preliminary time course
assay. Prior to termination of the reaction, the cell harvester (Brandel 24R, Gaithersburg,
MD, USA) equipped with a vacuum pump (VacuTrol, Spectrum Medical Industries Inc.,
Los Angeles, CA, USA) was rinsed with ice cold 0.9% w/v NaCl to remove residual
radioactive contamination. Borosilicate glass filters (No. 32, Mandel Scientific, Guelph,

ON, Canada) were pre-rinsed with ice cold 0.9% NaCl. The binding assay is terminated
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b)taspimtingtheincubaﬁon medium + cells from each tube through the cell harvester,
followed by repeated washing (3X) with ice cold 0.9% NaCl. The borosilicate filters are
placed in polyethylene scintillation vials with 4mL of Safety-Solve Liquid Scintillation
cocktail (Research Products International Corp., Mount Prospect, I, USA) and left in the
dark for approximately 24h. The radioactivity in each vial was counted using a Packard
2500 TR liquid scinFillation counter. The specific disintegrations per minute (dpm) for
each *H-CGP concentration was calculated by subtracting the NS dpm from the T dpm.
Binding assay data were further analyzed using EBDA software (Biosoft-Elsevier)

(Munson and Rodbard 1980).

2.5 Competition Assays

Displacement assays were performed to pharmacologically characterize the $-AR
subtype. Frozen crude liver membrane preparations (prepared as stated above) were
thawed and resuspended in Tris buffer (50mM Tris-HCI, 10mM MgCl,, pH 7.4). The
protein concentration of these aliquots was determined using the method of Lowry ez al.
(1951) using BSA dissolved in Tris buffér as a standard. As previously outlined, 50uL of
membranes (containing ~250g protein) are incubated in the presence of 10uL of 1nM
’H-CGP and 90uL of Tris buffer (see above). Total and non-specific binding were
determined in the absence and presence, respectively of S0uL of five concentrations (10,
1, 0.1, 0.01, 0.001uM) of the B-AR agonists (-)-norepinephrine, (-)-epinephrine,
procaterol, or (+)-dobutamine and antagonists (+)-ICI 118551, bromoacetyl alprenolol
menthane (BAAM), atenolol, or (+)-CGP 12177A (all from Sigma, St. Louis, MO, USA).

Adrenaline, noradrenaline, procaterol and 12177 CGP stock solutions (3mM) were



m in Tris buffer (SOmM Tris-HCIl, 10mM MgCl,, pH 7.4). ICI 118551 and
dobutamine stock solutions (3mM) were prepared in ddH,O. Atenolol and BAAM stock
solutions (3mM) were prepared in 10% EtOH and dimethylsulfoxide (DMSQO),
respectively. Following vigorous vortexing (Maxi Mix I, Type 16700 Mixer, Themnolyne,
10, USA), the stock solutions were diluted 100-fold in Tris buffer (see above) to obtain
the 10uM working s_olntion, and subsequent 10-fold dilutions were performed to obtain
the 1, 0.1, 0.01 and 0.001uM working solutions. The agonist/antagonists were prepared
with the lights off and stored in foil-wrapped microcentrige tubes to protect them from
photodegradation. Incubations were carried out for 2h at room temperature (21°C) and
terminated by filtration as previously stated above. Final results are expressed as %
maximum binding of each displacing agonist/antagonist compared with the total binding

of 5nM *H-CGP.

2.6 Lipid Peroxidation

Lipid peroxidation was measured as thiobarbituric acid reactive substances
(TBARS) (Uchiyama and Mihara 1978) in frozen livers from day 19 control, vehicle and
dosed (1.6ug PCB126/kg) embryos. Frozen tissues were ground into powder in liquid
nitrogen using a mortar and pestie. A 10% homogenate containing (1) 10 volumes of
50mM Tris-1.15% KCI (pH 7.4) and (2) 10mM butylated hydroxytoluene (BHT,
dissolved in toluene, final concentration of 500uM) per liver sample was prepared. The
homogenate was sonicated (Krontes Microultrasonic Cell Disruptor, Mandel Scientific,
Guelph, ON, Canada) in a 1.5mL plastic microcentrifuge tube for 20-30 sec on ice. A

sample volume of 250uL tissue homogenate or Tris-KCl (blank) was added to a screw
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top 15mL polypropylene centrifuge tube containing 1.5mL of 1% (v/v) phosphoric acid,
0.5mL of 0.6% thiobarbituric acid (TBA), and 500uM BHT (volume adjusted for each
liver sample). After vortexing, the pH of this mixture was checked using color-fixed pH
indicator strips (Sigma, St. Louis, MO), adjusted to 1.5-2 using 10N NaOH and the tubes
were boiled in a water bath for 45min with caps loosely screwed on. After cooling on ice,
2mL of butanol-1 were added and the tubes were vigorously shaken by hand to extract
the reaction product. The tube was then centrifuged (Beckman GS-6) for 20-30 min at
3000 rpm at room temperature (21°C). One mL of the upper layer was transferred to a
cuveté and scanned at 400-600 nm (Beckman DU640 Spectrophotometer, USA). A
TBARS standard curve was generated by the same procedure using malonaldehyde
(1,1,3,3-tetracthoxypropane; Sigma). Sample TBARS concentrations were calculated
from the differences in peak heights at 533 and 510nm.

2.7 EROD Activity in Liver Microsomes

Ethoxyresorufin-0-deethylase (EROD) activity was measured in microsomes
prepared from frozen livers of day 19 control, vehicle and dosed (1.6ug PCB126/kg)
embryos. Individual livers were weighed, thawed on ice for 10 min, minced with a cold
razor blade or scissors, and transferred to a 2mL Potter-Elvehjem homogenizing tube on
ice. Potassium phosphate buffer (0.1M, pH 7.4) was added to the tube, at a volume of
800uL per 0.5g liver. Samples were homogenized with 12 up and down strokes using a
Wheaton Overhead Stirrer (Wheaton Instruments, Millville, NJ, USA). The homogenates
were then centrifuged (Sorvall RC 5B) at 9000 x g for 15 min at 4°C. The supemnatants
.weretransfenedtoultmcentriﬁxgetub&sandﬂmhercenuiﬁxgedat 100000 x g for 1 h at
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4".C using a2 Beckman L8-55M ultracentrifuge (Beckman Instruments Ltd., Fullerton,
CA). The supernatants were discarded and any fat adhering to the side of the tubes was
removed with a Q-tip. The final pellets were resuspended in 1mL phosphate buffer
(0.1M, pH 7.4) and 250uL aliquots were transferred to cryogenic vials which were frozen
in liquid nitrogen and stored at -80°C until used.

EROD activity was assayed according to methods by Kennedy er /. (1993; 1995)
using 48 well Falcon plates. Microsomes were thawed on ice. A resorufin (Sigma,
St.Louis, MO) stock soluticn {130uM in MeOH) and a BSA (Pierce, Rockford, IL) stock
solution (2mg/mL in 0.05M sodium phosphate buffer) were prepared prior to running the
assay. Varying amounts (160-95uL) of sodium phosphate buffer (0.05M, pH 8.0),
resorufin (7uM working solution in phosphate buffer) and BSA (1.25-25ul) were added
to wells prior to the addition of the samples. In sample wells, 10 pL of thawed
microsomes and 50uL of 35uM 7-ethoxyresorufin (7-ER) (Sigma) were added. The plate
was placed on a dry block heater (VWR Heat Block, VWR Scientific, Mississauga, ON)
at 37°C for 10 min, followed by the addition of 25ul. of freshly prepared NADPH
(2.4mM in phosphate buffer) to each well and another 10 min incubation at 37 °C.
F;nally, 100uL of 2.16mM fluorescamine (Sigma, St.Louis, MO) in acetonitrile was
added to each well and the plate was incubated for a further 15 min at room temperature.
The plate was scanned for resorufin at 530 nm (excitation) and 590 nm (emission), and
for protein at 400 nm (excitation) and 460 nm (emission) using a fluorescence plate
reader (Spectra Max Gemini XS, Molecular Devices, Sunnyvale, CA). EROD results
were reported as pmol resorufin/min/mg protein. Resorufin production by EROD was
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quantified against a resorufin standard curve, and total protein was quantified against a
BSA standard curve.

2.8 PCB Tissue Analysis

Hepatic PCB126 concentration was measured in individual livers from day 19
embryos treated with 1.6ug PCB126/kg. Individual liver samples were prepared for
extraction by grinding each liver in 5g of anhydrous sodium sulphate (BDH, Toronto,
ON) using a pre-chilled mortar and pestle on dry ice. The powder was then transferred to
a 1.1 x 30cm glass column, containing a 1cm glass wool plug. The column was eluted
with 50mL of 1:1 dichloromethane/hexane (EM Science, Merck KGA, Gibbstown, NJ) at
a flow rate of approximately 1 mL/min. The extract was concentrated to 2.5 mL by rotary
evaporation with a Biichi Rotavapor (Switzerland) and vacuum pump (Gast, Model
DAA-V175-EB, MFG Corp., Bariton Harbor, MI) while gradually increasing the pressure
from 400 to 650 psi. After transfer to a graduated centrifuge tube, 1/10® of the extract
volume was removed to a pre-weighed aluminum dish and dried in an oven at 60°C
overnight. The dish was weighed again the next day to determine the lipid volume of the
extract. The remaining extract was evaporated in the centrifuge tube to 1.9mL under N,
gas. The extract plus 40uL of PCB 204/30 internal standard (55/51 ng/mL) (Canadian
Center for Inland Waters, Environment Canada, Burlington, ON) was addedtoa 1.1 x
30cm glass column containing a 1cm glass wool plug, 8g of activated Florisil (Supelco,
Bellafonte, PA) and 1cm layer of anhydrous sodium sulphate. The column was pre-rinsed
with hexane and then eluted with a further 40-45mL of hexane. The extract was
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concentrated to 1mL by rotary evaporation and 1mL of isooctane (EM Science, Merck
KGA, Gibbstown, NJ) was added. The final extract was concentrate to 200uL under N,
gas. The extract was transferred by pasteur pipette to a glass vial, SuL of Mirex
(200pg/uL) (Canadian Center for Inland Waters, Environment Canada, Burlington, ON)
was added and the vial was stored at -30°C until analysis. Chemical recoveries were
routinely determined to be >85%.

Gas chromatographic analysis was performed on a Hewlett-Packard
6890GC/uECD equipped with a HP7683 Injector and a HP 5973 Mass Selective
Detector. The analytical column was a HP-5 19091J-433 (cross-linked with 5% phenyl
methyl siloxane), with dimensions of 30m and 0.25um ID. A 1uL splitless sam;:]e
injection was used. The GC conditions were as follows: injector carrier gas was helium
(250°C) at a flow rate of 3.6mL/min, and the detector carrier gas was ultrahigh purity
nitrogen (350°C) at a flow rate of 58.7mL/min. The column program was as follows:
1.3mL/min constant pressure, 80°C for 2min, 10°C ramp to 110°C, 3°C/min to 280°C and

a 5Smin hold for a total run time of 68min.

2.9 Statistics

Graphs were constructed using Sigma Plot 2000 software (Jandel Scientific). Data
are expressed as means + SEM of (n) independent experiments. Statistical analyses were
undertaken using Sigma Stat 2.01 software (Jandel Scientific).

One way ANOVA and/or ANOVA on ranks were used to test for significant
differences in EROD activities and extent of lipid peroxidation between control, vehicle-

and PCB126-treated embryos. When a significant difference was found by one way
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ANQVA , Tukey’s test and/or Dunn’s pairwise multiple comparison were used to isolate
which groups differed.

K, K4 and Bme values for B-AR competition and saturation assays were
calculated using EBDA software. One way ANOVA followed by Dunn’s pairwise
multiple comparison were used to test for significant differences between K  and B pax
values for control, vphicle- and PCB126-treated embryos.

GC calibration curves for PCB126, PCB204, PCB30 and Mirex were analyzed by
linear regression using HP Chemstation Plus software (Hewlett Packard). Chromatograph
peak areas were integrated and analyzed using HP Chemstation Plus software (Hewlett
Packard).
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CHAPTER 3:

RESULTS



3. RESULTS

3.1. Effects of PCB 126 Injection

3.1.1 Embryotoxicity
The effects of PCB126 on chick embryo mortality rate, incidence of

abnormaiitiw; and hver and embryo weight are shown (Table 3-1). Eggs were injected in
the air sac with a corn-oil vehicle or PCB 126 (1.6 ug/kg egg) prior to incubation and
embryos were dissected and weighed on day 19 of incubation, approximately 2 days prior
to hatching. PCB126-treatment increased the mortality rate and the incidence of liver
abnormalities and edema. Embryo and liver weights did not change significantly between

control, vehicle- or PCB126-treatments.

3.1.2 EROD Activity

PCB126 (1.6 pug/kg egg) induced EROD activity approximately 12-fold in liver
microsomes prepared from day 19 chick embryos (Fig. 3-1). Mean EROD activites were
3429 + 59.3 pmol resorufin/min/mg protein in the PCB126-treated microsomes,
compared with 30.2 + 3.6 and 26.7 + 5.0 pmol resorufin/min/mg protein in the vehicle-
treated and control microsomes, respectively. There was no significant difference in basal

EROD activity in the control or vehicle-treated embryos.

3.1.3 PCB126 Tissue Analysis
PCB126 content in the livers of day 19 chick embryos was measured by GC-

ECD, after injecting 1.6 ng/kg egg into the air cell of the eggs prior to incubation. The

32



Table 3-1. Effects of PCB 126 on chick embryo mortality rate, incidence of

abnormalities, liver and embryo weight. Eggs were injected in the air sac with a com-oil

vehicle or PCB 126 (1.6 pug/kg egg) prior to incubation. Embryos were dissected and

weighed on day 19 of incubation, approximately 2 days prior to hatching. All values are

means + SEM.

Control Vehicle Injected | 1.6ug/kg PCB 126
% Dead by embryonic day19 526 270 2233
% Abnormalities 526 541 10.45
lesions)
Embryo Weight (g) 23.67+037 23.39+0.39 2350 +0.38
Liver Weight (g) 0.43 +0.01 042+001 047 £0.01
Sample size 38 37 67
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Figure 3-1. EROD activity (pmol resorufin/min/mg protein) in liver microsomes from
control, vehicle and PCB126-treated day 19 chick embryos. Eggs were injected in the
air sac with a corn-oil vehicle or PCB 126 (1.6 ug/kg egg) prior to incubation. EROD
activity and protein concentrations in microsomal fractions were obtained using a
fluorescence plate reader. Bars are means + SEM (n= 5 or 6) for each treament group.
Statistical analyses were performed using Kruskal Wallis one-way ANOVA on ranks,
followed by Dunn’s pairwise multiple comparison. The “ * ” indicates a significant

difference at P<0.05 compared to the control and vehicle-treatment.
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average PCB126 content in the six livers analyzed was 0.67 + 0.17 ng/g liver; the average
lipid-based content for the same samples was 10.2 + 1.9 ng/g lipid (Fig. 3-2). Two livers
from vehicle (corn-oil)-injected and untreated control eggs were also analyzed and
PCB126 levels in those livers were not detected.

A sample chromatograph with peaks for PCB126, and the internal standards
(PCBs 204 and 30) and Mirex is shown (Fig. 3-3). The PCB126 sample was extracted
from an individual liver from a day 19 chick embryo injected with 1.6 ug/kg egg prior to
incubation. Retention time for PCB126 is approximately 45 min.

PCB126 sample concentrations were quantified using chromatograph peak areas
compared with the PCB126 standard peak areas. A PCB126 standard curve was
generated using concentrations of 0.8, 1.0, 1.5, 2.5 and 3.0 ng/mL PCB126 in isooctane
(Fig. A-1).

Mirex is added to all samples and standards prior to GC analysis to measure
variations between injections and evaporative losses prior to injection. A concentration of
Sng/mL was added to all samples and the resulting Mirex concentrations varied
minimally in all samples analyzed (Fig. A-2). Retention time for Mirex was
approximately 50min.

Internal standards PCBs 204 and 30 (55 and 51 ng/mL) were added to the samples
during the extraction process, prior to elution from the florisil column. The resulting
sample concentrations of PCB 204/30 are quantified against a standard curve to give a
measure of chemical recovery during the extraction process. The PCB 204 standard curve
(Fig. A-3) was generated using concentrations of 5.1, 30.6, 56.1, 86.1 and 107.1 ng/mL,

while the PCB30 standard curve (Fig. A-4) concentrations were 5.5, 33.0, 60.5, 88.0 and
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Figure 3-2. PCB 126 content (ng/g) in the liver of day 19
chick embryos, injected with 1.6 ug/kg egg prior to
incubation. Bars are means + SEM (n—=6) expressed as

PCB126 content per gram liver and per gram lipid.
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Figure 3-3: Sample chromatograph showing a sample peak
(PCB126) and internal standard peaks (PCB30, PCB204 and
Mirex). Injection volume is 1ul.. The sample is an individual
liver from a day 19 chick embryo injected with 1.6 ng/kg egg

PCB126 prior to incubation.
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115.5 ng/mL. All recoveries were >85%. Retention times for PCBs 204 and 30 were 48

and 25 min respectively.

3.2 Characterization of Avian Hepatic 8-Adrenoceptor

3.2.1 Competition Assays

Competition assays were performed on crude membranes prepared from pooled

day 19 chick embryo livers using mammalian B-AR agonists (Fig. 3-4). Membranes
(250ug protein/50uL) were incubated for 120 min with 1nM *H-CGP 12177 in the
absence (total binding) and in the presence of increasing concentrations of various -
agonists. Neither noradrenaline (B;-AR agonist) nor dobutamine (,-AR agonist)
achieved 50% displacement of H-CGP 12177 at the highest concentration of 10°M. The
B-agonists were much more effective at displacing *H-CGP 12177. Adrenaline, at the
highest concentration used, displaced at least 50% of the *H-CGP 12177, while procaterol
displaced 80% of the *H-CGP 12177. These results suggest that the day 19 chick embryo
liver B-ARs preferentially bind mammalian B,-agonists.

| Competition assays were also performed on crude membranes prepared from
pooled day 19 chick embryo livers using mammalian 8-AR antagonists (Fig. 3-5).
Membranes (250pg protein/50uL) were incubated for 120 min with 1nM *H-CGP 12177
in the absence (total binding) and in the presence of increasing concentrations of various
B-antagonists. Atenolol (selective ;-antagonist) was ineffective in displacing SH-CGP
12177, whereas bromoacetyl alprenolol menthane (BAAM) (B,-antagonist) displaced

50% of the *H-CGP 12177 at the highest concentration used. ICI 118551 (selective B2-
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Figure 3-4. Agonist competition for -AR binding sites on day 19 chick
embryo liver membranes. Membranes (250ug protein/50ul) were
incubated for 120min with 1nM *H-CGP 12177 in the absence (total
binding) and in the presence of increasing concentrations of various p-
agonists (noradrenaline, adrenaline, procaterol, dobutamine). All values
are means + SEM of four independent experiments using pools of ~30

eggs per membrane preparation.
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Figure 3-5. Antagonist competition for B-AR binding sites on day 19
chick embryo liver membranes. Membranes (250ug protein/50pnL)
were incubated for 120min with 1nM *H-CGP 12177 in the absence
(total binding) and in the presence of increasing concentrations of
various f-antagonists (ICI 118551, BAAM, atenolol, CGP 12177). All
values are means + SEM of four independent experiments using pools

of ~30 eggs per membrane preparation.
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antagonist) and CGP 12177 (non-selectivef-agonist/antagonist) effectively displaced *H-
CGP 12177 at all concentrations used. These results support that chick embryo liver -
ARs are of the B,-subtype and preferentially bind mammalian B,-agonists and
antagonists.

The mean inhibitory constants (Ki’s) for the B-agonists (adrenaline and
procaterol) and B-antagonists (ICI 118551 and CGP 12177) were calculated using EBDA
software (Table 3-2). The K represents the concentration (M) of the agonist/antagonist
that displaces 50% of *H-CGP 12177 binding to B-ARs. Ki’s could only be calculated for
compounds that achieved at least 50% displacement of the *H-CGP 12177. The order of
potency with respect to the ability of these compounds to displace *H-CGP 12177 was

CGP 12177> ICI 118551> procaterol> adrenaline.

33 Effect of PCB 126 on Lipid Peroxidation and f-AR Binding Curves
3.3.1 Lipid Peroxidation

. TBARS were significantly mcmsed in the livers of PCB126-treated (1.6 pugkg
egg) embryos (Fig. 3-6) compared with control and vehicle-injected eggs. Mean TBARS
levels were 78.3 £ 3.5,65.0 + 5.1 and 103.9 + 6.7 nmol MDA/g tissue in control, vehicle-
and PCB126-treated embryos, respectively. There were no statistically significant
differences in lipid peroxidation between the control and vehicle-treated embryos,

although there was a trend to decreased TBARS in the vehicle group.



Table 3-2. Mean inhibitory constants (K;) for B-agonists (adrenaline and procaterol) and

B-antagonists (ICI 118551 and CGP 12177). The K represents the concentration (M) of

the agonist/antagonist that displaces 50% of *H-CGP 12177 binding to B-ARs in day 19

chick embryo liver membranes. All values are means + SEM of four independent

experiments.
Ki(M)
Agonist Adrenaline 3.75x10° + 2.00x 107
Procaterol 1.07x107 + 9.19 x 10”
Antagonist ICI 118551 206 x10° + 1.83x 10”7
CGP 12177 324x10° + 4.12x 10

47



Figure 3-6. Lipid peroxidation (TBARS) (nmol/g tissue) in livers from
control, vehicle and PCB126-treated day 19 chick embryos. Eggs were
injected in the air sac with a corn-oil vehicle or PCB 126 (1.6 pg/kg egg)
prior to incubation. Bars are means + SEM (n=9) for each treatment group.
Statistical analyses were performed using one-way ANOVA followed by
Tukey’s post-hoc test. The “ *  indicates a significant difference at

P<0.05 compared to the control and vehicle-treatment.
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3.3.2 B-AR Saturation Curves

B-AR binding kinetics for hepatocytes isolated from control, vehicle- and
PCB126-treated embryos are shown in Figures 3-7A, 3-8A and 3-9A, respectively. Eggs
were injected in the air sac with a com-oil vehicle or PCB 126 (1.6 ug/kg egg) prior to
incubation and embryos were dissected on day 19 on of incubation, approximately 2 days
prior to hatching. For all treatments, specific binding of *H-CGP 12177 increased and
saturated as the concentration of *H-CGP 12177 increases. Scatchard analysis (using
EBDA software) of data from control (Fig. 3-7B), vehicle (Fig. 3-8B) and PCB126-
treated (Fig. 3-9B) binding curves was linear, indicating a single binding site for *H-CGP
12177.

The affinity of the chick embryo liver B-AR for *H-CGP 12177 is significantly
lower (indicated by the increased Ky) in the PCB-treated hepatocytes compared to vehicle
(p<0.05); however, there is no significant difference in K4’s between the PCB126-
treatment and control, or between the vehicle and control (Table 3-3).

There is no statistically significant difference amongst the maximum number of
binding sites (Bmax’s) in the control, vehicle- and PCB126-treated hepatocytes
(Table 3-3).
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Figure 3-7A. Saturation curve of B-ARs on isolated hepatocytes from control
day 19 chick bm-) livers. Hepatocytes (Smg/S0ul) were incubated for 120
min with increasing concentrations of 3H-CGP 12177 (0.05-10nM) in either the
absence (total binding) or presence of 10uM alprenolol (non-specific binding).
Specific binding was determined by subtracting the non-specific binding from
the total binding Data points are means + SEM of six independent experiments

done in duplicate, consisting of pooled livers from 3545 eggs per experiment.
B. Scatchard plot of data from A, transformed using EBDA software. Data

points are means + SEM of six independent experiments done in duplicate,

consisting of pooled livers from 3545 eggs per experiment.
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Figure 3-8A. Saturation curve of B-ARs on isolated hepatocytes from
vehicle-treated day 19 chick embryo livers. Eggs were injected in the
air sac with a corn-oil vehicle (10uL /50g egg) prior to incubation.
Hepatocytes were incubated as in Fig.3.7A. Data points are means +
SEM of six independent experiments done in duplicate, consisting of

pooled livers from 35-45 eggs per experiment.

B. Scatchard plot of data from A, transformed using EBDA software.

Data points are means + SEM of six independent experiments done in

duplicate, consisting of pooled livers from 35-45 eggs per experiment.
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Figure 3-9A. Saturation curve of B-ARs on isolated hepatocytes from
PCB126-treated day 19 chick embryo livers. Eggs were injected in the air sac
with PCB126 (1.6ug/kg egg) prior to incubation. Hepatocytes were incubated
as in Fig.3.7A. Data points are means + SEM of nine independent experiments

done in duplicate, consisting of pooled livers from 35-45 eggs per experiment.

B. Scatchard plot of data from A, transformed using EBDA software. Data
points are means *+ SEM of six independent experiments done in duplicate,

consisting of pooled livers from 3545 eggs per experiment.
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Table 3-3. Binding affinities (Kg) (nM) and maximum number of binding sites (Bmax)
(fmol/mg cells) for B-ARs on isolated heptocytes from control, vehicle- and PCB126-
treated day 19 chick embryo livers. Binding parameters were determined from Scatchard
analysis as noted in Fig.3.7B, 3.8B and 3.9B. All values are means + SEM of six to nine
independent experiments done in duplicate, consisting of poole& livers from 35-45 eggs
per experiment. Statistical analyses were performed using one-way ANOVA on ranks,
followed by Dunn’s pairwise multiple comparison. The “ * ” indicates a significant

difference at P<0.05 compared to the vehicle.

Control Vehicle 1.6pg/kg PCB126
K4 (nM) 0.399 +0.055 0.183 £ 0.031 0.921 £0.171 *
Biax (fimol *H-CGP/mg cells) 0.644 +0.069 0.780 £ 0.126 0.540 +0.082
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CHAPTER 4:

DISCUSSION



4. DISCUSSION

It was hypothesized that if PCB toxicity in the liver is mediated in some part by
oxidative damage, such as increased lipid peroxidation, then the function of a membrane-
bound receptor, such as the B-AR, may be modified through oxidative damage to
membrane lipids. Ifdgcreasedadrenergicmponsivenmsisduetosomeeﬂ'ectatthe
receptor level, then in ovo injection of PCB126 may result in (i) decreased receptor
affinity for an endogenous or synthetic agonist, or (ii) decreased receptor density. In
testing this hypothesis, I have (1) pharmacologically characterized the B-ARs in the chick
embryo liver; (2) determined if a parameter of oxidative stress, lipid peroxidation, is
induced by the in ovo treatment of PCB126; and (3), determined the effects of PCB126
injection in ovo on the liver -AR affinity (K4) and density (Bmax)-

In addition, PCB126 embryotoxicity was evaluated in terms of observable
mortalities and abnormalities, EROD activity, and the hepatic concentration of PCB126

following air cell injection prior to incubating the eggs.

4.1 Mortality and Abnormalities

The PCB 126 treatment in this study (1.6ug/kg egg injected into the air cell prior
to incubation for an exposure period of 19 days) produced an array of toxic effects
similar to those observed in previous studies with respect to embryo mortality and the
incidence of abnormalities (Powell et al. 1996a; Powell et al. 1996b; Hoffman ez al.
1996; Brunstrom and Lund 1988; Hoffman ez al. 1998). The percentage of dead embryos

in the PCB 126 treated-eggs, after 19 days of incubation, was approximately 4-fold
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higher with respect to control eggs and 8-fold higher with respect to vehicle-treated eggs
(Table 3-1). A concurrent study in our lab (Jin et a/., 2001) determined the approximate
50% lethal dose (LD50) for PCB 126 in chickens was 1.5ug/kg egg. This value was
slightly lower than those reported by Powell er al. (1996a) (2.3ug/kg egg based on
hatching) and Zhao et al. (1997) (3.6ug/kg egg based on surviving day 18 embryos), but
higher than the LD50’s reported by Powell ez al. (1996b) (0.6ug/kg egg based on
surviving day 18 embryos) and Hoffiman ez al. (1998) (0.4ug/kg egg based on hatching).
Although the LD50s are similar in magnitude, differences in vehicle, site and time of
injection and developmental stage of the embryo undoubtedly contribute to the variation
of LD50 values. |

The percentage of liver abnormalities (discoloration and lesions) and of tissue
edema (subcutaneous and pericardial) was 2-fold higher in the PCB 126-treated embryos
compared with control and vehicle-treated embryos (Table 3-1). The teratogenic potential
of PCB126 in chicken embryos has been well established in the literature. Brunstrom and
Andersson (1988) injected 2ug/kg egg into the air cell on day 4 of incubation and
observed subcutaneous edema, microphthalmia and beak deformities in day 18 embryos.
Powell er al. (1996a) and Hoffman et af. (1998) reported similar abnormalities in chicken
hatchlings following dosing regimes of 3.2ug/kg egg injected into the yolk sac prior to
incubation, and 0.3ug/kg egg injected into the air cell on day 4 of incubation,
respectively. The percentage of abnormal embryos in Hoffman ez al. (1998) ranged from
4- to 7-fold higher in all dosed groups (0.3-3.2 ug/kg) compared to vehicle-treated eggs.

No significant differences in body weight or liver weight were observed between

the PCB-, vehicle-treated or control embryos (Table 3-1), in contrast to the results
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repprted by Powell et al. (1996a) where 3.2ug PCB 126/kg egg significantly lowered
hatchling body weights and there was a trend of increasing liver weight at the same dose
that lowered hatchling body weight. However in an additional study by Powell et al.
(1996D), there were no significant differences in body weight between the vehicle and
0.9ug/kg egg PCB 126-treated hatchlings until 2 weeks post-hatch.

No histological analyses were undertaken during the course of this study to
examine cellular changes in the liver or any other tissues. Zhao et al. (1997) reported
PCB 126-induced changes in hepatic histopathology in day 18 chicken embryos
following the injection of 2.0ug/kg egg into the yolk on day 4 of incubation. Liver
sections exhibited large necrotic zones and mineralization following PCB 126-treatment,
however the mechanism of PCB-induced necrosis remains unknown as there were no

apparent vascular lesions in the liver and the mineral depositions were nonspecific.

4.2 EROD Activity

In in vitro studies, PCB 126 was shown to be the most potent inducer of EROD
activity among 10 PCB congeners tested, with a concentration of 0.003nM causing
EROD induction and an ECS0 of 0.052nM in hepatocyte cultures prepared from day 19
chicken embryos (Kennedy et al. 1996). Brunstrom et al. (1995) exposed hepatocyte
cultures from day 10 chicken embryo livers to PCB 126 for 48h and reported an EC50 of
0.044nM. Additional studies have shown PCB 126 to be a potent CYP /A inducer in ovo
as well. Four- to 40-fold increases in hepatic EROD activity were observed in liver
microsomes prepared from day 10 chicken embryos dosed with 0.092-7 nmol PCB
126/kg egg for 3 days, with an EC5S0 of 0.3nmol/kg egg (Brunstrom and Andersson



19§8). More recently, Brunstrom and Haldin (1998) detected a 3- to 4-fold increase in
hepatic EROD activity in day 18 chicken embryos dosed with 0.2ug PCB 126/kg egg on
day 4 of incubation. Using a similar dosing protocol, Hoffman et al. (1998) measured a
17-fold increase in hepatic EROD activity in hatchlings dosed with 0.3ug PCB 126/kg
egg on day 4 of incubation.

In this study, EROD activity was measured in microsomes prepared from livers of
day 19 control, vehicle- and PCB 126-treated embryos. PCB 126 (1.6ug/kg egg) induced
EROD activity approximately 12-fold in the liver (Fig. 3-1), indicative of PCB 126-
induction of CYPIA, in ovo, in chicken embryos.

It is interesting to compare the EC50s for hepatic EROD activity in vitro (52pM
from Kennedy ez al. 1996; 44pM from Brunstrom ez al. 1995) with hepatic EROD
activity in ovo (300pM from Brunstrom and Anderson 1988). The in ovo EC50 is
approximately 6- to 7-fold higher than the in vitro EC50s, suggesting that higher
concentrations are required to induce EROD in ovo, possibly due to the fact that the
proportion of PCB 126 actually transported to the liver of the developing embryo may be
less than the proportion the cultured cells receive during in vitro dosing. Diflerences in
methodology between these kinds of studies may also, at least in part, account for the
differences in magnitude of these EC50 values.

Compared to other bird species, the chicken appears to be one of the most
sensitive species with respect to PCB toxicity. Hoffman ez al. (1998) compared EROD
responses in hatchlings from three species (air cell injections on day 4 of incubation):
chicken (Gallus gallus) (0.3-3.2ug kg), American kestral (Falco sparverius) (0.23-

233ug/kg) and common tem (Sterna hirundo) (44-434ug/kg). The LDSO0s for these
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spe_cis were 0.4ug/kg, 65ug/kg and 104ug/kg, respectively. Maximum EROD induction
was 12-fold in the kestral and 19-fold in the tern, however in the chicken, EROD was
_induced 300-fold compared to the activity in the tern and 1000-fold compared to EROD
activity in the kestral. Basal EROD activities were not significantly different between the
three species (10.5, 5.9, 11.4 pmol resorufin/min/mg microsomal protein in chicken,
kestral and tern, respectively) suggesting a much more sensitive mixed function oxidase
(MFO) response is present in the chicken. Brunstrom and Halldin (1998) showed in order
to produce an equivalent 3- to 4-fold increase in hepatic EROD activity in domestic duck,
they needed to use a PCB 126 dose 50 times higher than that used in chickens. The EC50
for EROD induction in Pekin duck has been shown to be 250 times higher than the EC50
in chicken (Kennedy ez al. 1996). Jin et al. (2001) found that the basal EROD activity
was higher in day 26 duck embryos than in day 19 chickens, which suggests that there are
species specific differences in basal EROD activity as well as induction. This is important
to note when one attempts to extrapolate ecological risk to wild species based on
results using a model species of high sensitivity, such as the chicken, in laboratory
studies.

4.3 PCB 126 Tissue Content

Environmental levels of PCB 126 measured in a variety of bird species were
summarized in Table 1-1 (see Introduction, p. 4). Concentrations of PCB 126 range from
0.14-84 ug/g in total egg homogenate (including yolk), 3.3-42.5 ug/g in the yolk sac,
0.29-9.32 ug/g in the embryo (including yolk) and 0.05-0.15 pug/g in fledgling plasma.

Russel et al. (1999) proposed a model for estimating maternal transfer of hydrophobic
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ovogenesis result in a chemical equilibrium between the chemical concentration in
maternal tissues and in the egg. The assumptions of this model include: (1) distribution of
the chemical within the maternal tissues is relatively rapid and homogeneous; (2) transfer
of maternal lipoproteins during ovogenesis results in chemical levels in the egg which
reflect those in maternal lipoproteins; and, (3) low metabolic transformation of
contaminants in eggs due to underdeveloped enzyme systems in embryonic tissues. By
analyzing contaminant (PCBs, TCB, HCB, DDE and Mirex) content in egg and maternal
tissues of a few oviparous species of fish and turtles, and using literature data for birds,

" Russel et al. (1999) found that the lipid normalized egg/maternal tissue concentration
ratios for individual chemicals were not significantly different from 1.0. They concluded
that the maternal and embryonic organisms are exposed to the same effective internal
contaminant concentration.

In my study, as with other laboratory studies, the delivery of the contaminant is
not dependent on deposition during ovogenesis. Injection into the air cell of an
unincubated egg raises an interesting question of whether or not the tissue distribution of
the injected chemical will vary with different injection locations (air cell, yolk sac, the
embryo) and times (prior, during or post-incubation)? These variables may have
important implications when assessing the potential toxicity of a given chemical, as the
mode and time of delivery will undoubtedly influence the response of the target
organism. Although I did not examine the effects of these variables during the course of
my study, I did measure the concentration of PCB 126 in the livers of day 19 chick

embryos following air cell injection of 1.6 ug/kg egg prior to incubation. Changes in liver
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bioghemistty and morphology are most commonly used to assess PCB toxicity, however
the actual amount of PCB deposited in the liver per se is rarely reported in the literature.
The mean hepatic PCB 126 content was 0.67 ng/g liver or 10.2 ng/g on a lipid
basis (Fig. 3-2), following air cell injection of 1.6 pg/kg egg prior to incubation. A higher
percentage of PCB 126 content would undoubtedly be found in the yolk and tissues with
high lipid content suqh as the adipose tissue. Hoffman et al. (1996) reported hepatic PCB
126 accumulation following oral dosing for 10 days in nestling American kestrels (Falco
sparverius). Dosing with 50, 250 and 1000 ug PCB 126/kg resulted in hepatic
concentrations of 156, 380 and 1098 ug PCB 126/kg, respectively. However, dosing with
1000 ug PCB 77/kg and 4000 ug PCB 105/kg in nestling American kestrels resulted in
hepatic concentrations of 892 and 1677 ug/kg, respectively (Hoffman et a/.1993). From
these studies, it is apparent that differences in dosing protocols, chemical congeners and
the developmental stage of the target organism all affect the partitioning of PCBs into the

liver.

4.4 Pharmacological Characterization of the Chick B-AR

' The characterization of avian B-ARs has been limited very few tissues (heart,
erythrocyte, muscle) in species such as chicken and turkey. Using classic mammalian B-
agonists and -antagonists, Reithmann et al. (1987) chal;acterized the aduit chicken heart
muscle ARs as mainly of the B;-subtype, while the non-muscle cells were mainly B,, and
Port et al. (1992) reported chick embryo myocytes to be a mixed population of Bi/B2-
subtypes. Dickinson et al. (1981) concluded that the chick erythrocyte had a mixed

population of B-ARs, distinct from the mammalian ;- or B>-ARs.



Competition assays were performed using a number of mammalian 8-AR
agonists: noradrenaline, which preferentially binds to B,-ARs, adrenaline, which
preferentially binds 1o B-ARs, procaterol, a selective B, agonist and dobutamine, a
selective B, agonist. Low (<20%) to no displacement of *H-CGP 12177 occurred in the
presence of the §;-agonists, noradrenaline and dobutamine (Fig. 3-4). The Br-agonists
(adrenaline and procaterol) were much more effective at displacing *H-CGP 12177.
Adrenaline, at the highest concentration used, displaced at least 50% of the *H-CGP
12177, while procaterol significantly displaced 80% of the *H-CGP 12177 (Fig. 34). The
order of the various agonists’ relative ability to displace *H-CGP 12177 was procaterol >
adrenaline > noradrenaline = dobutamine. These results imply that the day 19 chick
embryo liver 8-ARs preferentially bind mammalian B,-agonists.

In addition, competition assays using mammalian $-AR antagonists further
suggest the chick embryo liver $-AR is of the B>-subtype. In this case, the classic
mammalian B-antagonists were used: (+)-ICI 118551, a selective B, antagonist,
bromoacetyl alprenolol menthane (BAAM), which preferentially binds to 82-ARs,
atenolol, a selective B antagonist, and CGP 12177, a non-selective mixed p-
agonist/antagonist. Atenolol was ineffective in displacing *H-CGP 12177, BAAM
displaced 50% of the *H-CGP 12177 at the highest concentration used, while ICI 118551
and CGP 12177 most effectively displaced *H-CGP 12177 at all concentrations used
(Fig. 3-5). The order of the various antagonists relative abilities to displace *H-CGP
12177 binding was CGP 12177 > ICI 118551 > BAAM > atenolol. These data support

the predominant B-AR in the chick hepatocyte being of the §,-subtype.
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4.5 Lipid Peroxidation

Lipid damage has been studied extensively in toxicity studies, primarily because
of the critical role of lipids in maintaining membrane structure and function, and cellular
viability. The presence of polyunsaturated fatty acids (PUFAs) and the increased
solubility of oxygen in lipid (versus aqueous solution) make membranes particularly
sensitive to oxidative attack (Scott and Eaton 1997). The process of lipid peroxidation is
initiated by the abstraction of a hydrogen from the hydrocarbon chain, typically occurring
at CH, groups adjacent to C-C double bonds (Scott and Eaton 1997). The resulting
product is a resonance-stabilized conjugated diene that may further react with molecular
oxygen to form peroxyl radicals. Peroxyl radicals are also capable of abstracting
hydrogen from additional lipid molecules to form lipid hydroperoxides (LOOH) in a
chain-reaction fashion. One of the most commonly used assays to measure oxidative lipid
degradation is the TBARS (thiobarbituric acid reactive substances) assay, which
measures the reaction of lipid peroxidation products and thiobarbituric acid (TBA) (Kelly
et al. 1998). Although widely used, the results of the TBARs assay must be interpreted
with some caution, as there are a few methodological flaws with this test. For example,
this test is most frequently used as a measure of malondialdehyde (MDA), a secondary
product of lipid peroxidation. However TBA reacts with a number of other oxidation
products (such as 4-hydroxynoneal, unsaturated aldehydes and endoperoxides from
enzymatic routes) in addition to MDA (Kelly et al. 1998). Also, a portion of TBA-
reactive material may form during the heating of the sample (by a metal-catalyzed
reactions) rather than being present before sample manipulation (Scott and Eaton 1997).

Therefore, lipid peroxidation measured by the TBARS assay provides only a crude and
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rather non-specific estimate of oxidative lipid damage. It is also important to consider
that membrane lipids may be much more susceptible to peroxidation following cell injury
or death (xenobiotic or otherwise induced) (Kehrer 1993), therefore lipid peroxidation
may only serve as a marker of cell injury or death, as opposed to a defining mechanism.

The toxicity of PCBs and other related compounds has been extensively
associated with parameters of oxidative stress including lipid peroxidation in a number of
studies (Alsharif et al. 1994; Hassan et al. 1983; Stohs et al. 1986; Stohs et al. 1990;
Stohs et al. 2000). Stohs et al. (1990) observed 400-500% increases in hepatic
mitochondrial, microsomal and nuclear membrane lipid peroxidation 3-5 days aftera
single injection of 100ug TCDD/kg in female rats, with mitochondrial, microsomal and
nuclear membrane fluidity gradually decreasing 30-40%, suggesting TCDD-induced
alterations in membrane structure and function. Hassoun ef a/. (2000) showed that PCB
126 (0.3-0.55pg/kg) increased hepatic lipid peroxidation in a dose-dependent fashion in
rats following a subchronic exposure. PCB 126, at doses of 6.3 and 25ug/kg, significantly
increased hepatic lipid peroxidation in lake trout (Salvelinus namaycush) 6 weeks post
intraperitoneal injection (Palace et al. 1996).

In my study, lipid peroxidation was significantly increased (P<0.001) in the livers
of PCB 126 (1.6ug/kg)-treated embryos after 19 days of in ovo exposure, compared to
control and vehicle-treated chicken embryos (Fig. 3-6). These findings are in agreement
with those of Jin et al. (2001) who detected significant increases in lipid peroxidation in
the livers and adipose tissue of PCB 126 (1.6ug/kg)-dosed chicken embryos. My results
are in contrast to those of Hoffman et al. (1998) who did not detect any significant
increase in hepatic lipid peroxidation in PCB 126-exposed (0.3-3.2 pug/kg) common temn
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hatghlings, even at doses that caused 50% mortality. Additionally, Hoffman ez al. (1998)
reported no significant increase in hepatic lipid peroxidation in day 19 chicken embryos
dosed with 0.3ug PCB 126/kg. Differences in dosing protocols (injection site and stage of
development) as well as differences in methodology may contribute to the variable resuits
with respect to PCB 126-induced lipid peroxidation. However, the increased degree of
lipid peroxidation measured in this study further reinforces the hypothesis that oxidative
stress, at least in part, mediates PCB 126 toxicity in the chicken embryo.

Studies by Mohammadpour et al. (1988) and Alsharif ez al. (1994) have shown a
correlation between lipid peroxidation and the AHR, the receptor that mediates the
effects of PCBs and other structurally related HAHs. Using responsive and non-
responsive mice strains, Mohammapour ef al. (1988) observed a significant increase in
hepatic lipid peroxidation in responsive mice treated with a single dose of TCDD of
0.5ug/kg; doses 5-14 times higher were required to induce the same increase in lipid
peroxidation in non-responsive strains. The AHR levels in the livers of the non-
responsive mice strains were found at lower concentrations and in a lower affinity form
than the AHRs in the responsive strain (Poland and Glover 1990; Okey et al. 1989). With
respect to differences in species sensitivity in birds, the chicken embryo AHR has been
shown to have much higher affinity for TCDD than the AHRs of other bird species
(Sanderson and Bellward 1995), providing another possible explanation for the increased
sensitivity of the chicken to the toxic effects of AHR-ligands.

A study by Toborek er al. (1995) further corroborates the relationship between
P450 1A induction, oxidative stress and PCB toxicity. They exposed porcine pulmonary-

artery derived endothelial cells to PCBs 77, 114 and 153 at concentrations of 0.85 to
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3.4uM for 24h and observed a dose-dependent disruption in endothelial barrier function
resulting in increased albumin transfer across the endothelial monolayer in those cells
treated with PCBs 77 and 114. These cells additionally showed marked increases in
cellular oxidative stress, lipid hydroperoxide production and intracellular Ca**
concentration. Increased content and activity of cytochrome P4501A was additionally
observed in endothelial cells exposed to PCBs 77 and 114. In contrast, PCB 153 had no
effect on endothelial barrier function or cellular oxidative stress. mmésﬁngly, PCBs 77
and 114 bind to the AHR and induce cytochrome P450 1A, whereas PCB 153 is not an
AHR ligand and induces cytochrome P450 2B (Farin et al. 1994).

From these studies it can be concluded that the interaction of the AHR and the
induction of P4501A1 play a critical role in mediating PCB-induced oxidative lipid
damage.

4.6 B-AR Saturation Assays

The main objective of my study was to test the hypothesis that if PCB toxicity in
the liver is mediated in some part by oxidative damage, such as increased lipid
peiom'dation, then the function of a membrane-bound receptor, such as the B-AR, may be
modified through oxidative damage to membrane lipids. The K4 was significantly higher
in hepatocytes from the PCB126-treated group (p<0.05) compared to the vehicle group,
suggesting that the affinity of the f-AR decreased with PCB 126-treatment (Table 3-3).
However, there were no significant differences in Ky’s between the PCB126-treated and
control groups, or between the vehicle and control groups. Although I would have to
measure changes in membrane fluidity to determine the direct effects of PCB126 on
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membrane lipid composition and membrane-receptor conformation; the results suggest
that perhaps the corn-oil vehicle is having some effect that may be masking the full
magnitude of the PCB effect. The corn-oil vehicle may in fact protect the liver to some
extent, perhaps acting as an antioxidant due to its high vitamin E content. Vitamin E (a-
tocopherol), a major cellular lipid-soluble antioxidant, can suppress fatty acid oxidation
by contributing a hydrogen atom from its phenolic group to lipid-derived radicals (Kelley
et al. 1995). This action prevents the peroxyl radical from attacking the unsaturatedfatty
acids of adjacent membrane lipids, thereby inhibiting the propagation of lipid
peroxidation (Kelley ez al. 1995). Surai et al. (1999a) found that vitamin E concentration
in the liver of turkey embryos remained constant between embryonic days 16-22, and
peaked significantly just prior to hatching. In addition, Surai ef al. (1999b) observed that
after feeding hens a high vitamin E diet (365ug VE/g feed), chick embryo tissues
including liver and brain exhibited significantly reduced susceptibility to lipid
peroxidation. It is interesting to note that there was a trend towards a decrease in the
extent of lipid peroxidation (Fig. 3-6) in the vehicle-group as well, however there was no
statistically significant difference between the control and vehicle groups. This trend
towards decreased lipid peroxidation and increased -AR affinity in the vehicle-treated
embryos may be indicative of a protective effect of the vehicle

The Bnex (receptor density) values were not significantly different amongst
hepatocytes from control, vehicle- or PCB 126-treated embryos (Table 3-3), suggesting

that the PCB 126-treatment did not aiter the number of B-ARs in day 19 chick embryo

hepatocytes.
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This thesis is the first report of the effects of PCB 126 on hepatic -AR function
in an avian model. As previously stated, Steevens et al. (1996) hypothesized that
exposure to PAHs in brown bullhead mﬁy result in B-AR down- or up-regulation, as a
compensatory response to chemical stress. A decreased number of 8-ARs was found only
in the gill of exposed fish, with no change in receptor affinity. A possible explanation for
this decrease in receptor number may be that xenobiotic stress increased levels of
circulating adrenaline, an endogenous B-AR ligand, and caused vasodilation and
increased blood flow through the gills (Mazeaund and Mazeaud 1981; Aota et al. 1990). -
AR numbers may be reduced, or down-regulated, in order to compensate for increased
blood flow and the subsequent increase in the uptake of hydrophobic xenobiotic
compounds at the gill. I did not measure catecholamine levels during the course of my
study; however it would be interesting to see if a 19-day exposure to PCB 126 would
alter circulating catecholamine levels in chicken embryos. Lorenzen et al. (1999) found a
significant negative correlation between basal plasma cortisosterone levels and yolk sac
PCDD/PCDF/PCB concentrations in Great Lakes herring gull embryos. These data
suggest that the hypothalamo-pituitary-adrenal axis is in fact a potential target of
oréanmﬂoﬁne toxicity.

A few other studies on xenobiotic-induced alteration of B-adrenergic function
have been reported for cardiac muscle preparations. Rifkind ef al. (1984) have shown that
cytochrome P448-inducing-PCB congeners decreased the contractile response of cardiac
ventricular muscle to B-adrenergic stimulation in day 19 chick embryos following 9 day
exposure to 500 nmoles of 3,4,3'.4-TCB or 3,4,5,3',4',5-HCB per egg. Canga et al.
(1993; 1988) obtained similar results using cardiac muscle strips from chick embryos
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treated with 6.4-32.0 ug TCDD/kg and adult guinea pigs treated with 10ug TCDD/kg
body weight. In these studies, the authors proposed that decreased f-adrenergic
responsiveness may have been due to (1) decreased B-AR number or affinity, or (2) the
uncoupling of 8-ARs from ACase. TCDD has previously been shown to reduce -AR
number and coupling in keratinocytes (Choi et al. 1987). Another possible explanation
for decreased B-adrenergic responsiveness is that TCDD and PCBs may affect cAMP
production, potentially altering cAMP-regulated processes and B-AR signal transduction.
Weber ez al. (1991) reported that TCDD inhibited rat liver phosphoenolpyruvate
carboxykinase (PEPCK), a cAMP-dependent enzyme that contributes to thc' control of
hepatic gluconeogenesis, thus implicating TCDD (and presumably other related
compounds like PCBs) in the disruption of glucose metabolism. Future studies should
examine glucose and glycogen production in hepatocytes isolated from PCB-treated
embryos to determine whether the effects of PCB 126 on B-AR function may
significantly impact glucose metabolism in isolated hepatocytes, thus leading to studies
on physiological implications of PCB 126-induced disturbances of glucose metabolism in

vivo.

4.7 Does oxidative stress play a role in PCB-induced aiterations of B-AR function?
From my results I can conclude that PCB 126 induced hepatic lipid peroxidation
in day 19 chick embryos following in ovo injection. However, the assay I used gives a
non-specific measure of lipid peroxidation, therefore I cannot conclude that membrane
lipids were a specific target of PCB 126-induced oxidative damage. A future study

examining lipid peroxidation in isolated membrane preparations as well as a direct



measurement of membrane fluidity would prove useful in predicting the effects of PCB-
mediated oxidative damage and/or alterations of membrane-bound receptors, such as the
B-AR. Because the B-AR, the G-protein and ACase are all embedded in the cell
membrane, their activity is undoubtedly influenced by the fluid state of the membrane.

Oxidative stress, whether induced by xenobiotic or other oxidants, has been
shown to impact B-AR function by altering cAMP production (Haenen et al. 1990),
ACase activity (Persad et al. 1998) and receptor-G-protein-ACase coupling through
reductions in membrane fluidity (Peters 1988) (also see Introduction). Another
confounciing factor in the multitude of effects of PCB/TCDD-induced oxidative damage
is the potential role of arachidonic acid (AA) metabolism. AA is a polyunsaturated
membrane fatty acid, subject to metabolism by cytochrome P450 (Quilley and Rifkind
1986). Using chick embryos, Rifkind ez al. (1990) showed that a dose of 6.3 pmol
TCDD/egg caused a significant increase in P450 metabolism of AA, increasing the
production of AA reactive metabolites, such as prostaglandins and leukotrienes. PCBs
also increased prostaglandin production in chick heart and lung (Rifkind et a/.1984).
Leukotrienes have been shown to increase vascular permeability and stimulate
vasoconstriction, which may contribute to the prevalence of edema seen in TCDD- and
PCB-treated animals (Burke et a/. 1982; Dahlin 1981). With respect to the potential
effects of AA metabolism on B-AR function, prostagiandins have also been shown to
alter cAMP levels in cardiac tissue (Cantieri et a/. 1980) and the autooxidation or co-
oxidation of AA by endogenous iron can induce lipid peroxidation and lead to impaired

" membrane integrity (Karmazyn and Moffat 1985).
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4.8 Conclusions

This thesis has examined the effect of PCB 126 on embryotoxicity, hepatic lipid
peroxidation and hepatic B-adrenoceptors in White Leghorn chicken embryos. A few
conclusions can be drawn from this work.

First, injection of 1.6 ng PCB 126/kg egg into the air cell prior to incubation
increased the % mortality and the incidence of abnormalities, including liver lesions and
subcutaneous edema, in day 19 embryos.

Second, PCB 126 significantly increased in hepatic EROD activity in day 19
embryos, indicative of CYP/A induction in ovo.

Third, mean hepatic PCB 126 content following air cell injection of 1.6ug/kg egg,
prior to incubation, was approximately 0.67ng/g liver, or 10.2 ng/g lipid.

Fourth, chick embryo hepatic B-ARs preferentially bind mammalian B,-agonists
and antagonists.

Fifth, PCB 126 significantly increased lipid peroxidation, indicative of oxidative
damage, in the liver of day 19 embryos.

" Sixth, PCB 126 significantly decreased hepatic B-AR affinity compared to
vehicle-treated embryos. There were, however, no significant differences between control
and PCB 126-treated embryos, or control and vehicle-treated embryos. This suggests
there is an effect of the corn oil vehicle; it may protect the liver from increased lipid
peroxidation and potential alterations in membrane fluidity. There were no significant
differences in hepatic 8-AR numbers between control, vehicle and PCB 126-treated

embryos.
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There are numerous complex and potentially interactive pathways mediating PCB
toxicity in the chick embryo. Clearly, future studies are required to elucidate the role of
oxidative damage, such as lipid peroxidation, in mediating effects such as changes in
membrane structure and function, and the implication of these changes to membrane-
bound protein function. Due to the presence of a multitude of contaminants in our
environment, as toxicologists we are obliged to continue exploring the molecular
mechanisms of PCBs, and toxicants in general, to improve our ability to assess the risk of
exposure to humans and wildlife alike.
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APPENDIX



Figure A-1. Sample GC calibration curve for PCB126. Standard
concentrations were 0.8, 1.0, 1.5, 2.5 and 3.0ng/mL. A sample injection

volume of 1uL was used. RZ=0.99866.

Figure A-2. Sample GC calibration curve for internal standard Mirex.
Mirex (5ng/mL) is added to all samples prior to GC analysis to measure
variations between injections and evaporative losses prior to injection. A

sample injection volume of 1uL was used.
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Figure A-3. Sample GC calibration curve for internal standard PCB204.
Standard concentrations were 5.1, 30.6, 56.1, 86.1 and 107.1ng/mL. An

injection volume of 1uL was used. R>=0.99928.

]

Figure A-4. Sample GC calibration curve for internal standard PCB30.
Standard concentrations were 5.5, 33.0, 60.5, 88.0, 115.5ng/mL. An

injection volume of 1uL was used. R2=0.99980.
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