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ABSTRACT

CHARACTERIZATION STUDIES OF THE H4IIE BIOASSAY

FOR ASSESSMENT OF PLANAR HALOGENATED HYDROCARBONS

IN FISH AND WILDLIFE

BY

Donald Edward Tillitt

Planar halogenated hydrocarbons (PI-Ins) are a group of

environmental contaminants which include polychlorinated

biphenyls (PCBs), polychlorinated dibenzo-p-dioxins (PCDDs),

and polychlorinated dibenzofurans (PCDFs). PHH contamination

in the environment is of particular concern because these

compounds are extremely toxic, bioaccumalate in aquatic food

chains, and are relatively persistent. Even though there are

hundreds of PHHs, they are approximate isostereomers, produce

the same characteristic toxic symptoms in a variety of phyla,

and are believed to act through the same receptor-based mbde

of action. These similarities of PHH have lead to the

development of quantitative structure-activity relationships

(SAR) for PHHs in both in 111g and in 2112B; systems. One

particularly interesting and potentially useful SAR has been

observed between the induction potency of individual PHH

congeners in H4IIE rat hepatoma cells toward ethoxyresorufin-

O-deethylase activity and their in 1129 toxicity in rats.

This relationship between in 11;;9 induction potency and in

viyg toxic potency to the whole organism, along with the



ability of the H41§IE__cells to act as integrators at the

cellular level, has led to their use in assessment of complex

mixtures of PHH in the environment.

The studies reported here focused on characterization of

the H4IIE bioassay for use as a bioanalytical monitoring tool

for the assessment of toxicity of PHH mixtures in fish and

wildlife. Initial studies were directed toward analytical

characterization of this bioassay system for use with extracts

of environmental samples. Results of these studies indicate

that the H4IIE bioassay is precise, has good reproducibility,

is reasonably accurate‘when'tested with fortified samples, and

has no discernable interferences caused by common extraction

protocols or-sample matrices.

The H4IIE bioassay was used to screen PHH mixtures in

eggs of colonial fish-eating waterbirds from around the Great

Lakes. The results of the bioassay concurred with residue

analysis and environmental effect data on these waterbird

colonies. Comparison of the H4IIE bioassay with PHH residue

analysis indicated that the bioassay may also be useful in

understanding and interpreting chemical residue data. When

used in combination, the H4IIE bioassay and chemical residue

analysis complement each other and the information gained can

be much more than provided by either type of analysis alone.

The H4IIE bioassay results from.double-crested cormorant eggs

were also compared with reproductive success of these

waterbirds. There was a significant correlation between the



H4IIE bioassay results on these eggs and egg mortality rates

from colonies around the Great Lakes. Therefore, this in

vitro bioassay system may be useful for assessing complex
 

mixtures of PHHs in environmental samples.
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GENERAL INTRODUCTION

Our society has become increasingly dependent on

chemicals in most aspects of our lives. Very little in our

lives has not been affected by some sort of chemical

technology. The benefits, and comfort which have come from

agricultural, pharmaceutical, and industrial chemicals are

enormous. However, as with most things in life, the use of

chemicals has had severe consequences in some cases. In

particular, many of the industrial chemicals have found their

way into the environment and many of the agricultural

chemicals used in the past continue to stay with us. There

was little concern over the release of chemicals into the

environment from the early part of this century and up until

the mid-1960's. Toxicological assessments were grossly

incomplete in many cases and the prevailing thought was that

such a small amount of chemical diluted into such a vast

environment couldn't hurt. Twenty years later, many of the

persistent chlorohydrocarbon pesticides and industrial

chemicals have been banned, their residues in the environment

have decreased, and many appear to have reached an asymptote

at the bottom of a degradation curve. However, we are still
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left with measurable amounts of hundreds of compounds,

particularly in the Great Lakes environment. The questions

raised from this are: Which of these compounds are important?

Are these chemicals causing adverse effects in fish, wildlife,

and/or humans? HDw do we assess the potential effects of

these complex mixtures of chemicals? My dissertation centers

around an important group of environmental contaminants and

tries to address some of the questions posed aboveu The group

of compounds I studied are the planar halogenated hydrocarbons

(PHHs) which include, among others, polychlorinated.biphenyls

(PCBs), polychlorinated dibenzo-p-dioxins (PCDDs), and

polychlorinated dibenzofurans (PCDFs). PHHs are a group of

environmental contaminants that have proven to be very toxic

in laboratory studies with fish, wildlife, and laboratory

mammals and they can have fairly long half-lifes in most

compartments of the environment. These attributes make PHHs

important pollutants given the extent of PHH contamination of

the Great Lakes. The proper assessment of potential toxicity

of PHHs has been skewed, however, because of the large number

of compounds in this group and the complex interactions which

occur among the individual PHH congeners. The problem of

assessing PHHslhas.been further compounded.by a lack of proper

analytical techniques for many of the PHHs. Only recently

have there been methods developed for the individual PCB

congeners, for example. Even after the analytical methods

have been developed, quite often only a few laboratories have
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these analytical capabilities because the methods can be

costly, time-consuming, or require specialized equipment and

personnel.

Two characteristics of PHHs can be utilized in the

assessment of their potential hazards to exposed organisms in

the environment. First, all PHHs are believed to elicit their

effects through a common receptor-mediated mode of action.

All PHHs have the same suite of toxicological effects when

given to an organism, however the individual PHHs vary greatly

in their potency. The prototypic and mgstflpotent compound

in this group is 2,3,7,8-tetrachlorodibenzo—p-dioxin (TCDD).

The putative receptor for PHHs has been identified in a

variety of species and appears to be conserved

phylogenetically. This is exemplified by the fact that PHHs

can cause the same effects across many phylogenetic lines.

In other words, PHHs cause the same type of effects in fish

and in avians as well as mammals. Of course, there are grave

differences in PHH sensitivity among species. However, limited

data indicate that the rank order of potency is consistent

among species. The second characteristic of PHHs which can

be utilized for the assessment of their potential effects is

the intercorrelation of the suite of toxic symptoms caused by

these compounds. Some of the biochemical responses of

organisms to PHHs are correlated to the toxic effects of these

chemicals. In particular, cytochrome P4SOIA1 induction potency

is correlated'to the potency of individual PHHs to cause
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thymic atrophy and weight loss or wasting syndrome in rats._

This relationship has been seen not only in_yigg, but also in

yitgg with the H4IIE rat hepatoma cell line. Because of this

correlation between in yitzg induction and inlyiyg effects of

PHHs seen in rats, the use of these cells as a screening assay

for PHHs has been suggested. My dissertation focuses on the

characterization of the H4IIE rat hepatoma cell bioassay as

a bioanalytical tool for the assessment of complex PHH

mixtures from the environment.

The first chapter of this dissertation deals with the

analytical characterization of the H4IIE bioassay. The

objectives of this chapter’ were to determine the

reproducibility, accuracy and precision of the H4IIE bioassay

under conditions similar to those expected for environmental

extracts. Chapter Two provides an example of an environmental

monitoring program with this bioassay which involved a survey

of waterbird eggs from around the Great Lakes” The objectives

of this chapter were to determine the potency of waterbird egg

extracts with the H4IIE bioassay compare the differences based

on locations. The third chapter compares the H4IIE bioassay

results with residue analysis in an effort to understand the

relationships, if any, between these two methods of analysis.

The fourth and last chapter compares the bioassay results with

environmental effects data. The H4IIE bioassay results from

PHH extracts of double-crested cormorant eggs were compared

with the reproductive success in these colonies to determine
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if this bioassay system could be useful to integrate and/or

predict environmental effects of these complex mixtures of PHH

in other species.



CHAPTER 1

Characterization Studies of the H4IIE Rat Hepatoma Cell

Bioassay for Use in Analysis of Planar Halogenated

Hydrocarbons (PHHs) in Environmental Samples



W

Planar halogenated hydrocarbons (PHH) are a group of

chemicals with isosteric configurations or structures and

include, among other environmental contaminants, poly-

chlorinated biphenyls (PCB) , polychlorinated dibenzo-p-dioxins

(PCDD), and polychlorinated dibenzofurans (PCDF). PHHs were

used industrially for decades or were contaminants of chemical

synthesis and entered the environment by both intentional and

inadvertent release. The recalcitrant nature of PHHs, along

with their inherent toxic properties and a propensity to

bioaccumulate, has caused concern that these environmental

contaminants may reach concentrations in organisms at the top

of the food chain great enough to elicit toxic effects (1-4).

The problem that scientists face in this respect is the

evaluation of PHH residues that occur in the environment.

Currently, there are analytical techniques to extract,

concentrate, isolate, separate, and. quantitate PHHs from

environmental samples (5-9). However, concentrations of PHHs

only provide part of the information necessary to evaluate

their potential for adverse effects on fish, wildlife, and

humans. This is because PHH congeners each have different

toxic potencies (10-13) and the complex interactions of

synergism, antagonism, and additivity which are known to occur

within mixtures of PHHs (14-24), are not understood completely

at this time. These interactions are not considered when

attempts are made to predict biological effects from



concentrations of PHHs alone.

PHHs are proximate isostereomers which exert their toxic

effects through the same biological receptor (10-12).

Although differing in potency, PHHs elicit the same suite of

toxicological effects across many phylogenetic lines (12).

i

The characteristic symptoms of PHH poisoning include: weight}

loss (wasting syndrome), thymic atrophy, subcutaneous edema,1

immune suppression, hormonal alterations, P4SOIA1 associated H

enzyme induction, and the reproductive effects of fetotoxicity H

~-. -....J,-

and teratogenesis (see reviews 25-26). Additionally, there

are strong correlations between the enzyme induction potency

of individual congeners and their potency for causing effects

such as weight loss and thymic atrophy (27-30). These

correlations are significant (r > 0.90) for both in 2133

enzyme induction potency versus the toxic potency mm with

rats, and for in yitrg enzyme induction potency in H4IIE rat

hepatoma cells versus the toxic potency in 2129 in rats (31).

In other words, the response of the H4IIE cells to the”.

individual congeners was predictive of the toxic responses of

whole organisms to these PHH congeners. Therein lies the“:

potential utility of this in yitrg_bioassay as an integrative

bioanalytical tool for screening PHH extracts of environmental

samples.

The H4IIE cells were derived from the Reuber Hepatoma H-

35 (32) by Pitot and coworkers (33). It is a continuous cell

line and was characterized with regard to aryl hydrocarbon
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hydroxylase (AHH) activity by Nebert and coworkers (34) .

Besides excellent growth characteristics and low basal

cytochrome P4501A1 activity, the H4IIE cells have inducible”

AHH enzymes. These researchers went on to characterize the

AHH induction response of the H4IIE cells to 2,3,7,8-

tetrachlorodibenzo-p-dioxin (TCDD), the prototypic PHH, and

suggested that the H4IIE rat hepatoma cell culture bioassay

might be useful in detecting TCDD and other such compounds,

for example, in foodstuffs (35). They found that the H4IIE

cells are exquisite in their response to TCDD with a detection

limit of 10 fmoles.

Simultaneous to the developments of the H4IIE bioassay

structure-activity relationships of PHHs indicated that

halogen substitution in the lateral positions of the dioxin,

furan, or biphenyl molecules imparted a greater receptor

affinity, AHH induction potency, and toxicity to these

compounds (10-13). The relationship between AHH induction

potency and the toxic potency of individual PHH congeners

started to take form. In particular, a strong correlation

”between AHH or ethoxyresorufin-O-deethylase (EROD) induction

potency in 21:39 in the H4IIE cells and the toxic potency inu

yiyg of individual dioxin (36), biphenyl (29,37), and furan

(28,30) congeners was observed. These reports were summarized

by Safe (31). The correlations of -log ED50 for weight loss

in rats versus -log EC50 for AHH induction in H4IIE cells and

-log ED 50 for thymic atrophy in rats versus -log EC50 for AHH
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induction in H4IIE cells had correlation coefficients of 0.93

and. 0.92, respectively (31). These strong' correlations

between in yitrg induction potency and in yixg toxic potency

were critical validations for the use of this bioassay for

prediction of potential toxicity of PHHs.

The first use of the H4IIE bioassay as a tool for

assessing complex mixtures of PHHs in extracts was by the‘U.S.

Food and Drug Administration. They performed the initial

characterization of the H4IIE bioassay as an environmental

extract assay (36,38-40) . These authors reported various

aspects of“ the analytical characterization. of the 1H4IIE

bioassay (38). Isooctane as the solvent carrier for extracts

or pure compounds optimally enhanced bioassay sensitivity

(38). A detection limit of 10 pg TCDD was reported with the

isooctane solvent carrier system and the ED50 was 45 pg/plate

(0.14 pmol/plate, 28 pM). A quantitation limit for this

solvent system.‘was not reported, however, in subsequent

publications the limit of quantitation was 25 pg TCDD and the

linear response range was 25-500 pg TCDD/plate (39-40) . Thus,

the sensitivity of this bioassay system for detection of PHHs

had been established.

The H4IIE bioassay has been shown to be a sensitive tool

for detection of PHHs in extracts of environmental samples

(38-40) and much of the initial analytical characterization

was performed by these scientists. However, due to

improvements in PHH extractions, clean-up, and quantitation
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techniques in the past 10 years, studies to confirm and expand

on the work already done are necessary if this bioassay

technique is to be adapted as a bioanalytical tool. In this

study we reexamine the isooctane carrier solvent system,

detection_ and quantitation limits, and some reference

~tgxicants..Additionally, we investigate potential endogenous

and exogenous interferences of matrices! or (extraction

protocols. We also investigate the quantitative ability of

the H4IIE bioassay with spike/bioanalysis experiments.

WSection

Extractions, Spike/Bioanalysis Protocols

Three extraction and clean-up protocols were

investigated: the method used by FDA scientists in the

original bioassay reports, Pesticide Analytical Manual (PAM)

Sec. 212 (41); an improved method used for PCB analysis which

utilizes column extractions with dichloromethane (26); and a

modification of this latter method which results in extracts

that contain. PCBs, PCDDs, and PCDFs in one fraction (42).

Briefly, the PAM procedure includes acetonitrile“

extraction/homogenization, acetonitrile to petroleum ether

transfer, aqueous acetonitrile/petroleum ether partitioning,

solvent reduction, Florisil column clean-up, another solvent

reduction, and final transfer’ to isooctane (41). This

extraction method was used in PCB spike/recovery bioanalysis

experiments with chicken eggs and with environmental waterbird
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egg samples. Samples extracted using the PAM procedure were

30 g. Extraction efficiencies of the PAM procedure for

[149] -2,4,5,2' ,4' ,5'-hexachlorobiphenyl (PCB 153) were 57-61%

from fortified chicken eggs. A second, more contemporary

extraction method with dichloromethane (DCM) was used in PCB

spike/recovery bioanalysis experiments with chicken eggs and

various environmental samples. This method is routinely used

to extract environmental samples for PCB congener-specific

analysis. We felt that it would be important to compare the

older PAM method with that of the more contemporary procedure.

The DCM method of Ribick et a1. (6) consists of grinding the

sample with anhydrous sodium sulfate, column extraction with

dichloromethane, gel permeation chromatography (GPC) , Florisil

and silica gel clean-up, and solvent transfer to isooctane.

The resultant fraction contains PCBs (90-98% extraction

efficiency) without dioxins, furans, polar pesticides, or most

organochlorine pesticides (6). Last, we assessed a modified

version of the Ribick et a1. procedure in which an acidic

silica gel (AS) column clean-up was used after GPC. This AS

procedure was previously described (42) and briefly consists

of grinding the sample with anhydrous sodium sulfate, column

extraction with dichloromethane, gel permeation

chromatography, acidified silica gel/silica gel column clean-

up, and solvent transfer to isooctane. The resultant fraction

contains PCBs with extraction efficiencies of 90-100% (42).

External standardization of the AS procedure for PCDD
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extraction efficiency had not been described previously.

Therefore, duplicate 10 9 portions of chicken egg homogenates

were spiked with 7, 21, 70, 210, or 700 K DPM of 3H-TCDD

(specific activity approximately 45 Ci/mmol). The resultant

extraction efficiencies (1 SD) were 95.4 t 4.0, 93.2 i 1.0,

96.3 i 0.7, 97.7 i 3.3, and 103.5 1 3.5%, respectively, with

an average of 97.2 i 4.2%. It should be noted that none of

the bioassay results were corrected based on external standard

recovery efficiencies.

A series of experiments were performed in which "clean"

samples were spiked with a PCB (3,4,3 ' ,4'-tetrachlorobiphenyl,

congener 77) or TCDD, extracted, and then analyzed with the

H4IIE bioassay. The sample matrix used in these studies

consisted of chicken eggs from a retail store because many of

the samples we are currently analyzing are bird eggs. The

first spike/bioanalysis experiment was PCB 77 spiked into

chicken eggs at 0.1, 0.5, 1.0, 5.0, 10, 50, and 100 ug/g,

extraction with either the PAM (41) or DCM (6) procedure, and

then bioanalysis of the extracts. A second spike/bioanalysis

experiment consisted of a TCDD spike of 0.01, 0.1, 0.5, 1.0,

or 10 ng/g into chicken eggs. The eggs were then extracted

with the acidic silica gel (AS) protocol (42), and extracts

were subjected to bioanalysis.

Cell Culture and Bioassay Procedure

The H4IIE rat hepatoma cells were obtained from the



14

American Type Culture collection (ATCC No. CRL 1548). Cells

were cultured in Dulbecco's Modified Eagle's Medium (D-MEM)

base (Sigma, 05030) supplemented with 1X glutamine, 1.5x

vitamins (Sigma, M6895), 2x non-essential amino acids, 1.5x

essential amino acids, luM pyruvate, 1000 mg/l d-glucose, 2200

mg/l sodium bicarbonate, 15% fetal bovine serum (Gibco, 200-

6140AJ), and 50 mg/l gentamicin. These conditions provided

optimal growth and EROD“ induction potential of the H4IIE

cells. Stock cultures were grown in 75 cm2 flasks at 37°C in

a humidified 95:5 air:CO2 atmosphere. New cultures were

started from frozen cells after 9 or less passages. The

bioassay conditions were slight modifications of previous

reports (36-40). Cells, trypsinized from stock flasks at

confluency, were seeded in petri dishes (15 x 100 mm) at 913

x 106/plate in 10 ml D-MEM media. After 24 h incubation, the

 

cells were dosed with extract, an appropriate control, or

reference compound, 13.1-1190 ul, of isooctane. There was no

effect of dosing volume between 10 and 150 ul of isooctane

when either an extract or standard (TCDD) was tested. Dosed

cells were incubated 72 h, rinsed with phosphate-buffered

saline (PBS), and then harvested with cell scrapers (Gibco)

into Tris-sucrose (0.05 - 0.2M) buffer, pH 8.0 (40). Cells

were then centrifuged for 10 min. at 5000K g, resuspended in

Tris-sucrose buffer, and protein determined in duplicate (43) .

Duplicate EROD determinations, by the method of Pohl and Fouts

(44), were made with 100 ul aliquots of the standardized (1
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mg protein/ml) cell suspensions. Briefly, this method has a

final reaction volume of 1.25 ml consisting of 1.0 ml NADPH

generator system (5mM glucose-6-phosphate, 5 mM MgSO“ 3.5 mM

NADP, and 1.6 mg bovine serum albumin/ml in 0.1 M HEPES

buffer, pH 7.8), 0.1 ml of 25 units/ml glucose-6-phosphate

dehydrogenase (G6PDH), 0.1 ml of cell suspension, and 0.05 ml

of 15 pH ethoxyresorufin (ER) in methanol. The reaction

mixtures (less the ER) were preincubated 10 min at 37 'C,

after which reactions were initiated by the addition of the

ER at 10-s intervals. After 10 min the reactions were stopped

by the addition of 2.5 ml of cold methanol, again at 10-s

intervals. Proteins were allowed to flocculate for 5 min at

37 ‘C and then the samples were centrifuged at 5000 g, 4 'C,

for 10 min. Resorufin in the supernatant was determined

spectrofluorometrically (550 nm excitation, 585 nm emission)

against a standard curve which was calibrated with a resorufin

standard each bioassay. EROD specific activity was calculated

as pmol resorufin formed per mg protein per min (pmol/mg/min)

at 37 ’C.

Along with each set of extracts, appropriate standards

were analyzed on the same day. All environmental extracts

were calibrated against a TCDD standard curve for calculation

of "TCDD-equivalents" (TCDD-EQ) in the extract. The effective

doses for half-maximal EROD induction (ED50) were calculated ‘

by probit analysis (45). Calculations of extract potency for

each sample were made according to equation 1 as reported by
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Sawyer et al. (46).

Extract potency = TCDD ED50/Extract EDso (1)

where; TCDD EDso = pg/plate

Extract £050 a ul/plate

Exrtact potency 2 pg TCDD-EQ/ul

The calculations to TCDD-EQ in an environmental sample were

not corrected for extraction efficiencies of the various

extraction methods. Variance estimates were calculated

according to equation 2 and an additive model of variance

(47).

CV. = [(CVJ) + (CV5)2]1’2 (2)

where:

CVT = coefficient of variation for TCDD-EQ

CVE = coefficient of variation for extract EDso

CV5 = coefficient of variation for standard EDso

Standard deviations (SD) were obtained by multiplying the

fractional CVt by the estimated TCDD-EQ of the sample or

extract. Goodness of fit test of a normal distribution for

TCDD ED50 values was according to Kolmogorov-Smirnov (47) .
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Results and Disgussien

The H4IIE bioassay has traits which make it a

particularly useful technique for the determination of PHHs

in environmental extracts. The basal EROD_actiyityL f the.

H4IIE cells ranges from 0.5 - 5.0 pmol/mg/min. [Esggctane,

which. gave optimal response and sensitivity' in. previous

reports (36,38,40), was also an ideal carrier in our studies.

Solvent controls had no induction over basal EROD in the H4IIE

cells. The dosing volume of extracts or standards was

constant at 100 ul (1% media volume). However, there was no

effect.of dosing volume on the inductive response of the H4IIE

cell cultures when volumes between 10 and 100 ul of extracts

or standards were tested. Additionally, there was no effect

of this concentration of isooctane on the H4IIE cells as

measured by cell viability or cellular protein. The use of

isooctane as a carrier is also compatible with most chemical

residue analysis techniques for PHHs.

Sensitivity of the H4IIE bioassay is quite exquisite for

PHHs and TCDD in particular. The limit 9f detection was 10

pg TCDD (31 fmol) per plate in our studies, which is the same

as that reported by others (35-36, 38,40). The coefficient

of variation for ‘within bioassay variance of TCDD EDso

estimates were generally small with an average of 3.70%. The

coefficients of variation associated with extract ED”

estimates are generally in the range of 5-15%. Precision of
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this bioassay, therefore, is fairly high with the final

estimates of TCDD-EQ in environmental samples having

coefficients of variation between 10-20%. However, this type

of precision is only when a TCDD standard curve is run with

each set of environmental samples. Our average 3050 for TCDD

over a two year period and 54 standard curves was 55.9

M

pg/plate (0.17 pmol/plate), also very similar to the

45 pg/plate (0.14 pmol/plate) EDso reported previously with a

similar solvent system (38) . This demonstrates the

reproducibility of the H4IIE bioassay, even among different

laboratories. The EDso values for TCDD in this system followed

a normal distribution (p < .001) with a range of 30-115

pg/plate and standard deviation of 18.9 pg/plate (Fig. 1).

This corresponds to a coefficient of variation among bioassays

of 33.8%. If the average TCDD EDso value with its 34% CV were

used, resultant estimates of TCDD-EQ would have CV = 40-50%.

Therefore, in bioanalytical applications of the H4IIE bioassay

i_t_,is important to run a TCDD standard with each set of

environmental extracts.

Another test of reproducibility with this bioassay is

inter-laboratory comparisons of other PHH standards. For this

purpose we tested 2,3,7,8-tetrachlorodibenzofuran (TCDF) , and

three PCB congeners (3,4,3' ,4'-tetrachloro- biphenyl, PCB 77:

3,4,5,3',4'-pentachlorobipheny1, PCB 126; and 2,3,4,3',4',5'-

hexachlorobiphenyl, PCB 156), in addition to TCDD (Table 1).

In most cases there is fairly good agreement among ED50 values
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Figure 1. Frequency Distribution of TCDD EDso

Values in the H4IIE Bioassay.
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of the various PHHs estimated in different laboratories where

the same solvent carrier is used. A comparison of PHH ED50

values from different laboratories is given (Table 2). ED50

values from this study were very close to those reported by

others (37-38,48-49) when isooctane was used as a carrier

solvent (Table 2), even when different substrates were used

to monitor P4SOIA1 catalytic activity of the cells.

Discrepancies begin to appear among E050 values when

comparisons are made among solvent carrier systems.

Isooctane increases the. sensitivity of the H4IIE bioassay

towards TCDD as compared to dimethylsulfoxide (DMSO) (38).

EDso values for TCDD were 4 to 10 times less when isooctane

was the carrier as compared to when DMSO was used (Table 2).

However, greater sensitivity was not seen with the isooctane

carrier solvent system for all PHHs. There appears to be

little effect of carrier solvent on TCDF or PCB 156 potency

and DMSO seems to result in greater bioassay sensitivity for

PCB 126 and PCB 77 as compared to isooctane (Table 2). This

phenomenon of apparent differential sensitivity caused by the

carrier solvent system may be due to PHH solubility

differences. It should also be mentioned at this point that

the similarities in potency noted above are based on ED50

values. If effective concentration values (EC50) are compared,

there is no good agreement between values from different

laboratories. The size of petri dish and volume of media used

varied among all laboratories, but the cell densities were
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fairly constant between 0.8 - 1.0 x 106 cell/plate. The fact

that EDsos and not Ecsos are similar among laboratories, along

with the similarity in cell seeding rates, suggestsfltfihathmost

of the PHH dose is effectively reaching the cells. However,

radiotracer studies are required to understand if differential

solubilities can explain this phenomenon. This also has

implications on calculations of relative potency factors of

PHHs based on their H4IIE cell induction potency. If E050

values are more reliable and consistent estimates of PHH

induction potency, as they appear to be, perhaps EDso values

instead of EC50 values should be used in calculation of H4IIE-

derived potency factors of individual PHH congeners relative

to TCDD. These potency factors are being used with increasing

frequency (50) , in particular to calculate TCDD-EQ from

chemical residue analysis (51-52).

Use of the H4IIE bioassay for the determination of TCDD-

EQ in environmental samples requires a knowledge of potential

endogenous and exogenous interferences caused by the matrix

or extraction protocols. To address these issues V3.339Plifled

matrix and procedural blanks, and performed spike/bioanalysis,

studies. Characterization of extraction protocols was done

to insure that the fractions known to___gp_n_ta_in PHHs ’ induced

EROD_in_the H4IIE cells and fractions containing pesticides

did not contain measurable amounts of inducible materials.

The three extraction procedures tested, PAM ( 41) , DCM (6) , and

AS (42) showed no induction with procedural blanks or
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pesticide fractions and significant induction with PHH

fractions from these methods (Table 3). The PAM

characterization was similar to results reported by previous

authors of this method (37) . Matrix blanks (unfertilized

chicken eggs, fertilized 10 day old chicken eggs, salmon eggs,

and rainbow trout flesh), with s 0.01 ug total PCBs/g, caused

no EROD induction in the H4IIE cells at 1 - 3 g-equivalents

of sample/plate. This indicated that endogenous substances

in these matrices did not cause false positive responses in

the H4IIE bioassay. Because p,p'-DDE is a major co-

contaminant of PCBs in these extraction procedures, we exposed

the H4IIE cells to 10, 100, 1000, or 10,000 ng p,p'-DDE/p1ate.

There was no EROD induction or cytotoxicity, as measured by

cell growth, at any dose of p,p'-DDE.

To assess the quantitative ability of the H4IIE bioassay,

PHH spike/bioanalysis studies were conducted. The information

to be gained by these experiments is three-fold. First, the

actual induction magnitude and dose-response of the extract

may be compared with that of the pure congener. Second, the

slopes of the extracted and pure congener dose-response curves

may be compared in a situation where only a single compound

is present. Third, a threshold for detection inclusive of

both.extraction and bioassay efficiency may be estimated“ PAM

(41) and DCM (6) extraction methods were used in combination

with the H4IIE bioassay to assess quantitation of PCB 77 and

AS (42) extraction methods were used to assess quantitation
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Of TCDD.

Extracts of PCB 77 spiked chicken eggs produced a dose-

response curve which was in good concordance with PCB 77 added

directly to the cell cultures (Fig. 2). There were similar

slopes in all three cases indicating no extraction or matrix

effects on the dose-response curves. ED50 values calculated

for’ the extracts ‘varied less than 25% compared to the

standard. Correction for the extraction efficiency of each

method could reduce these differences among EDfl,values.

Spike/bioanalysis experiments with TCDD and the AS

extraction procedure indicated that the H4IIE bioassay could

accurately predict extract potency. Extracted TCDD produced

a similar dose-response curve in the H4IIE cells compared to

the standard (Fig. 3). Slopes of the curves were not

significantly different indicating no extraction or matrix

effect on the response of the bioassay. Extract potency was

calculated from observed EDso values for each spike

concentration, as would be done with environmental extracts,

and these were compared with the known concentration of TCDD

in the extract (Fig. 4). The nominal concentrations of the

extracts were 0.1, 1.0, 5.0, 10 and 100 pg TCDD/ul. The

extract at 0.1 pg TCDD/ul was below the limit of quantitation,

however, the bioassay predicted extract potency within a

factor of two for the other concentrations. Predictions of

extract potency by the ED“,method'were linear between 1.0 and

100 pg TCDD/ul and the regression slope of observed versus



Figure 2.

28

PCB 77 Spike/Bioanalysis with PAM (41) and

DCM (6) Extraction Protocols. Dose to cells

was calculated based on 50 ul (5%) of 1 ml

extract, spike concentration in chicken egg,

and 100 % extraction efficiency.
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Figure 3. TCDD spike bioanalysis with the AS extraction

protocol (42). Dose to cells was calculated

based.on1dosing‘volume (1, 10, 25, or 100 ul)

of a 1 ml extract, spike concentration in

chicken egg, and 100% extraction efficiency.
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Figure 4. Observed versus Expected Extract Potency of

TCDD in Spike/Bioanalysis Experiment.
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expected was not different from 1.0, the ideal. It is clear

from this set of experiments that the H4IIE bioassay can

accurately and precisely determine the potency of PHH

extracts. Comparison of extract and standard Bums from the

H4IIE bioassay is a simple and accurate method of calculating

potencies and associated error estimates for PHH extracts.

We found over the course of these experiments that single

point determinations from the standard curve can lead to

grossly inaccurate estimates of extract potency.

Previous studies have used the H4IIE bioassay to estimate

the potency of individual PHHs (36-37), assess environmental

extracts of PHHs (46,48-49), and address the complex

interactions of synergism, antagonism and additivity (18-

21,24) impossible to do by chemical residue analysis alone.

The H4IIE bioassay has been shown to be a sensitive

bioanalytical tool (35-40,48-49) with potential for predicting

the toxic effects of PHHs in whole organisms (31). In this

study we demonstrate the reproducibility of the H4IIE bioassay

among laboratories and its repeatability over time within a

laboratory. We also provide experimental data of its ability

to quantitatively predict known concentrations of PHHs in

biological extracts. The potential utility of this bioassay

is as an integrative tool which can complement chemical

residue analysis and biological effects data from

environmental studies. The H4IIE bioassay can also be used

to screen or prioritize chemical residue analysis and thereby
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save valuable time and funds.
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CHAPTER 2

H4IIE Rat Hepatoma Cell Bioassay-Derived 2,3,7,8-

Tetrachlorodibenzo-p-dioxin Equivalents (TCDD-EQ) in Colonial

Fish-Eating Waterbird Eggs from the Great Lakes.



Intzgdgction

Over the past two decades, populations of fish-eating

birds in the Great Lakes of North America have had incidences

of elevated mortality rates in adults, chicks, and embryos,

altered reproductive behavior, and increased incidence of

tetratogenesis. Within populations individual birds have had

gross physical and histopathological anomalies, immune

suppression, and altered biochemical homeostasis. These

problems with fish-eating birds have occurred in areas of

environmental pollution (see Peakall 1988 for review).

Recently, field studies of various colonies of double-crested

cormorants (Pha1acrgcorax auritis) and Caspian terns

(W gasp1'a) in the Great Lakes have noted differences

in reproductive success and embryological defects based upon

regional distribution of the waterbird colonies (Kurita et a1.

1987) . One geographic area which is known to be contaminated,

the Saginaw Bay Confined Disposal Facility (CDF), had greatly

reduced hatching success (28%) and no survival past fledging

in Caspian terns (Kurita et a1. 1987) . The gross physical and

histopathological anomalies that have occurred in Caspian

terns at the Saginaw Bay CDF, in addition to reproductive

impairment seen in waterbirds from around the Great Lakes, are

similar to the effects which have been observed in birds

exposed to planar halogenated hydrocarbons (PHHs) in

controlled laboratory studies (McCune et al. 1962: Dahlgren

and Linden 1971; Carlson and Duby 1973; Cecil et a1 1973;

41
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Peakall and Peakall 1973; Platonow and Reinhart 1973;

Tusamonis et a1 1973; Cecil et al 1974; Ax and Hansen 1975;

McKinney et a1 1976). It has been suggested that PHHs are,

at least in part, responsible for some of the reproductive

problems and lethality in fish-eating waterbirds at

contaminated locations of the Great Lakes (Gochfeld 1975:

Gilbertson and Fox 1977; Gilbertson 1983; Mineau et a1. 1984;

Kubiak et al. 1989).

Planar halogenated hydrocarbons (PHHs) are a group of

chemicals that include, among others, polychlorinated

biphenyls (PCBs), polychlorinated dibenzo-p-dioxins (PCDDs)

and polychlorinated dibenzofurans (PCDFs). These compounds,

although no longer intentionally manufactured in the United

States, continue to be of environmental concern because of

their toxicity, persistence, and bioaccumulation potential.

PHHs were used industrially or were contaminants from chemical

synthesis processes for decades and are the focus of

continuing public concern because of their widespread

distribution and potential to bioaccumulate through the food

chain (Tanabe et a1. 1987). PHHs are found in all

compartments of the ecosystem, however, aquatic systems are

the primary areas of environmental contamination, this is

particularly true for the Great Lakes (Baumann and Whittle

1988; Colburn 1988: Evans 1988). Therefore, it is not

surprising that organisms at the top of the food chain such

as fish-eating birds and mammals, including humans, receive
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the greatest doses of PHHs.

PHHs are proximate isostereomers which exert their

toxic effects through the same biological receptor (Poland and

Knutson 1982) . Although differing in potency, PHHs elicit the

same suite of toxicological effects across many phylogenetic

lines (Goldstein 1980). The characteristic symptoms of PHH

poisoning include: weight loss (wasting syndrome), thymic

atrophy, cutaneous edema, immune suppression, hormonal

alterations, liver enzyme induction, and the reproductive

effects of fetotoxicity and teratogenesis (see reviews by Safe

1986; Whitlock 1987). It is the presence of PHHs in these

fish-eating waterbirds from contaminated areas around the

Great Lakes (Gilbertson 1983; Niemi et al. 1986; Fox et al.

1988; Peakall 1988; Kubiak et al. 1989) along with the ability

of PHHs to impair reproduction of avian species laboratory in

studies, (McCune et al. 1962; Dahlgren and Linder 1971:

Carlson and Dudy 1973; Cecil et a1. 1973; Peakall and Peakall

1973; Platonow'and.Reinhart 1973; Tusamonis et al. 1973; Cecil

et al. 1974; Ax and Hansen 1975; McKinney et a1. 1976) that

has lead to questions about their role as potential causal

agents of the adverse effects observed in colonial waterbirds

(Gilbertson 1983; Harris 1988: Kubiak et a1. 1989).

Although analytical techniques exist for the detection

of minute quantities of PHHs, these procedures can be

extremely costly and time-consuming, particularly when samples

may theoretically contain up to 209 different PCB, 75 PCDD,
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135 PCDF congeners (Safe 1987). Moreover, even if reliable

determination of PHH concentrations can be achieved in a

timely, cost-effective manner, it is nearly impossible to

predict biological effects of this mixture of compounds,

because the toxicity of PCBs, PCDFs and PCDDs varies

tremendously among congeners, and because toxic interactions

among the PHHs have been variously shown to exhibit synergism,

additivity or antagonism (Birnbaum et al. 1985: Weber et al.

1985; Eadon et a1. 1986; Keys et a1. 1986; Bannister and Safe

1987; Bannister et al. 1987; Leece et al. 1987, Haake et al.

1987; Davis and Safe 1988; Pluss et al. 1988a; Pluss et al.

1988b; Biegel et al. 1989; Bannister et a1. 1989).

It has been well established that the most toxic PCB

congeners are those which are planar, with lateral halogen

substitution (Greenlee and Neal 1985). Although various

planar congeners of PCBs differ greatly in their biological

potencies, they are approximate isostereomers along with PCDDs

and PCDFs, and all produce similar and characteristic patterns

of toxic responses in mammals (Poland and Knutson 1982; Safe

1987). It is generally accepted that the toxic properties of

different PHHs are expressed via a common.mode of action, and

therefore, it has been possible to calculate the biological

potencies of complex mixtures of PHI-Is by expressing their

potency' relative to ‘the :most ‘toxic PHH Iknown, 2,3,7,8-

tetrachlorodibenzo-p-dioxin (TCDD) (Bradlaw and Casterline

1979: Trotter et al. 1982; Casterline et al. 1983; Eadon et
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a1. 1986: Safe 1987; Kubiak et al. 1989; Niimi and Oliver

1989).

One approach for the calculation of TCDD-equivalents of

PHH mixtures involves congener specific conversion factors

developed from the ability of the PCH mixture to induce

cytochrome P-450-dependent aryl hydrocarbon hydroxylase (AHH)

or ethoxyresorufin-O-deethylase (EROD) activity in H4IIE rat

hepatoma cell cultures (Kubiak et al. 1989; Niimi and Oliver

1989). The potency of each PHH congener as determined in the

H4IIE bioassay is expressed as a fraction relative to TCDD.

TCDD-equivalents are calculated by mutiplying the

concentration of each congener by its relative potency factor.

Total toxic potency of the mixture can be determined by

summing the equivalents attributableto each PHH congener under

the assumption of an additive model of toxicity. various

researchers have used this approach of assigning TCDD-

equivalents to complex mixtures of PHHs. This technique is

limited, however, by the fact that it is strictly additive and

does not allow for interactions among active congeners or

account for the actions of inactive congeners that are known

to modulate the toxicity of active congeners.

Use of the H4IIE rat hepatoma cell line to detect

minute (pg) quantities of PHHs in a fast, inexpensive manner

was first suggested by Nebert and coworkers (Benedict et a1

1973; Niwa et a1. 1975). The principle of the H4IIE bioassay

is that the potency of complex mixtures of PHHs to induce AHH
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or EROD activity is correlated with toxic potency of the

mixtures. H4IIE rat hepatoma cells have low basal AHH and

EROD enzyme activities, yet are highly inducible by PHHs.

The advantage of this bioassay is that it can integrate the

complex interactions of PHHs which are kniwn to occur at the

cellular level. Investigators at the FDA used this bioassay

system to evaluate complex mixtures of PHHs from environmental

samples and in foodstuffs (Bradlaw' and. Casterline 1979:

Trotter et al. 1982; Casterline et al. 1983). Studies into

the validation of this bioassay system were continued by Safe

and.his coworkers (Bandiera.et al. 1982; Sawyer and Safe 1982;

Bandiera et al. 1984; Sawyer et al. 1984; Leece et al. 1985;

Sawyer and Safe 1985; Denomme et al. 1986; Keys et al. 1986:

Safe 1987). Their work has shown that the potency of

individual PHHS‘tO induceicytochrome P4501Al activities in the

H4IIE cells in m, is positively correlated with the

toxicity of the isomers in 2129 to rats (Sawyer et al. 1984;

Mason et al. 1985; Safe 1987). Thus, this relatively simple

and sensitive in 21129 technique has been proposed as a

screening assay to evaluate the relative toxicity of complex

mixtures of PHHs (Bradlaw and Casterline, 1979; Sawyer and

Safe 1982; Casterline et al. 1983; Sawyer et al 1984; Sawyer

and Safe 1985; Safe 1987). It was felt that this bioassay

could be used to screen waterbird eggs for bioactive PHHs.

It was the purpose of this study to use the H4IIE

bioassay system to evaluate the relative potency of extracts
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from fish-eating waterbird eggs. In particular, the

objectives were: (1) To determine TCDD-equivalents (TCDD-EQ)

in PCB extracts of waterbird egg composites from various

colonies of double-crested cormorants and Caspian terns based

on relative induction of cytochrome P450-dependent EROD

activity in H4IIE rat hepatoma cells; (2) Compare H4IIE

bioassay-derived TCDD-EQ in composites of waterbird eggs with

the location of and biological effects within the colonies.

Materials and Methods

§amplgs

Individual waterbird eggs (217), from seven regional

areas in the Great Lakes (Figure 5), were collected in 1986

and 1987 by Dr. James Ludwig, Ecological Research Services,

Bay City, MI, USA. The eggs were from 14 double-crested

cormorant (DCC), 10 Caspian Tern (CPT), 2 common tern

(CMT,§tgrn§ agrundo), 1 ring-billed gull (RBG, Largg

e wa s s) , and 1 black-crowned night heron (BCH,

Wm) colonies, representing 41 different collection

sites, dates, and/or species (Table 4). Because the bioassays

were conducted on a "blind" basis, they were given arbitrary

colony numbers.

The eggs were thawed at room temperature and

homogenized in an Omni mixer (Ivan Sorvall, Inc., Norwalk,

Conn.). Equal portions (generally 5-6 ml) of each egg within

a colony (5-6 eggs/colony) were combined to make a single 30g
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Figure 5. Collection Locations of Waterbird Eggs from the

Great Lakes.
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Table 4. Collection Sites and Date, Species and Numeric

Designation of Egg Composites

 

 

Colony ID. Collection Site (Region, Date) Species

l Gravelly Is. (Green Bay, 5-4-86) DCC

2 Gravelly Is. (Green Bay, 5-4-86) CPT

3 Big Gull Is. (Beaver Is., 5-2-86) DCC

4 Gull Is. (Green Bay, 5-21-86) CPT

5 Pismire Is. (Beaver Is., 5-23-86) DCC

6 High Is. (Beaver Is., 5-23-86) CPT

7 St. Martin's Shoal (N.W. Huron, 5-18-86) DCC

8 Hat Is. (Beaver Is., 5-20-86) CPT

9 Gull Is. (Thunder Bay, 5-25-86) DCC

10 Snake Is. (Green Bay, 5-29-88) DCC

11 Little Gull Is. (Green Bay, 5-21-86) DCC

12 Hat Is. (Beaver Is., 5-20-86) DCC

13 Black River IS. (Thunder Bay, 5-25-86) DCC

14 Scarecrow Is. (Thunder Bay, 5-25-86) DCC

15 Tahquamenon Is. (5-29-86) DCC

16 Ile Aux Galets (Beaver Is., 5-24-86) CPT

17 Ile Aux Galets (Beaver Is., 5-24-86) DCC

18 West Grape Is. (Beaver Is., 5-23-86) DCC

19 Sand Products (N. Beaver Is., 5-29-86) CMT

20 Thunder Bay Is. (Thunder Bay, 5-30-86) CMT

21 CDF Saginaw Bay (single egg) (6-11-86) CPT

22 CDF Saginaw Bay (5-3-86) RBG

23 CDF Saginaw Bay (5-10-86) CPT

24 CDF Saginaw Bay (5-3-86) BCH

25 Gull Is. (Georgian Bay, Ont., 6-12-86) DCC

26 Gull Is. (Georgian Bay, Ont., 6-12-86) CPT

27 Elm Is. (North Channel, Ont., 6-12-86) CPT

28 Papoose Is. (Ontario, 6-12-86) CPT

29 Cousins Is. (N. Channel, Ont., 6-5-86) CPT

30 Cousins Is. (N. Channel, Ont., 6-5-86) DCC

31 CDF Saginaw Bay (6-28-86) CPT

32 CDF Saginaw Bay (5-25-87) CPT

33 Ile Aux Galets (Beaver Is., 5-15-87) CPT

34 High Is. (Beaver Is., 5-15-87) CPT

35 Gravelly Is. (Green Bay, 5-15-87) CPT

36 Gull Is. (Green Bay, 5-15-87) CPT

37 Gravelly and Gull Is. (Green Bay, 5-18,87)DCC

38 St. Martin's Shoal (N.W. Huron, 5-15-87) DCC

39 Big Gull Is. (Beaver Is., 5-15-87) DCC

40 Big Gull Is. (Beaver Is., 5-15-87) DCC

41 Tahquamenon Is. (5-25-87) DCC
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composite sample from each collection site/date (Table 4).

The composite samples and the individual eggs were stored in

a -20'C walk-in freezer until they were extracted.

Extreetiene

Extraction of the composited eggs was done according to

the PesticiderAnalytical.Manual (PAM) Sec. 212 (1979) designed

for the extraction and clean-up of nonionic organochlorine

residues from foodstuffs. These methods were used and

characterized by the original authors of the H4IIE bioassay

(Trotter et al. 1982; Casterline et al. 1983). Briefly, the

procedures include lacetonitrile <extraction/homogenization,

transfer from acetonitrile to petroleum ether, aqueous

acetonitrile/petroleum ether partitioning, solvent reduction,

and Florisil column clean-up. The Florisil column was eluted

with 6% ethyl ether/petroleum ether (v/v, 6% fraction), the

eluate collected, and solvent transferred to isooctane. The

6% fraction contains the PCBs and not dioxins or furans

(Trotter et al. 1982). Therefore, since the cells were dosed

with the 6% fraction, the TCDD-EQ reported in this study

reflect only the contribution of PCBs to the total PHH burden

in these waterbird eggs.

Extraction efficiency was assessed for PCBs with [14C]-

2,4,5,2',4',5'-hexachlorobiphenyl (PCB 153, 5.3 mCi/mmol, New

England Nuclear) by external standardization. Mean extraction

efficiency was 49.4 i 3.9% for triplicate extractions.
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Calibration of extractions by internal standards addition was

not. possible because of ‘the ‘unknown effect, an internal

standard may have on the bioassay response. Therefore, the

PCB 153 external standard was run for comparative purposes,

however, the results of the bioassay were not corrected for

extraction efficiencies from these or any other external

standards.

Bimmceus

Bioassay procedures were slightly modified from

previous reports (Bradlaw and Casterline 1979; Sawyer and.Safe

1982). The H4IIE rat hepatoma cells were obtained from the

American Type Culture Collection (ATCC No. CRL 1548). Cells

were cultured in Dulbecco's Modified Eagle's Medium (D-MEM)

base (Sigma, D5030) that was supplemented with 1X glutamine,

1.5x vitamins (Sigma, M6895), 2X non-essential amino acids,

(Sigma, M7145), 1.5x essential amino acids (Sigma M7020), luM

pyruvate, 1000 mg/l d-glucose, 2200 mg/l sodium bicarbonate,

15% fetal bovine serum (Gibco, 200-6140 AJ), and 50 mg/l

gentamicin. The substituents were optimized for growth and

induction potential of the cells. H4IIE cells were kept in

continuous culture in our laboratory under typical mammalian

cell conditions (37‘C, 95:5 air:COz, humidified) and were

regularly restarted from frozen cells to insure the cultures

were not altered. H4IIE cells were cultured in 75 sq. cm.

tissue culture flasks in 25 ml of the modified D-MEM. When
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the cells obtained confluence (15-20 x 106 cells) they were

washed twice with cold 0.1M phosphate buffered saline (PBS)

at pH 7.4 and trypsinized with a 0.53 mM Trypsin-EDTA

solution. Cells were counted on a hemocytometer and then

diluted with medium to 10° cells/ml. Nine milliliters of D-

MEM were placed in petri dishes (100 mm x 20 mm), along with

1 ml of the H4IIE cell suspension to give a seeding rate of

106 cells/plate in 10 ml of medium. The cells were incubated

for 24 h and allowed to attach and begin to grow on the petri

dishes. At the end of this 24 h period the cells were dosed

with extracts or standards. The carrier solvent for dosing

was isooctane at a volume of 100 ul/plate (1.0%) . This amount

of isooctane had no effect on survival or the basal EROD

activity of the H4IIE cells under standard culture conditions.

Triplicate plates were used at each dose and the dose range

for extracts was across 3-orders of magnitude (0.01 - 1.0% of

the total extract). A TCDD standard curve (4-5 doses in

triplicate) was conducted with each set of samples for

calculation of TCDD-EQ. Therefore, bioassay-to-bioassay

variations in cell response were taken into account. The

petri dishes of H4IIE cells, which were dosed with the

appropriate extract, control, or standard, were incubated for

72 hours. After the incubation period, the cells were rinsed

with PBS and then scraped from the plates while in a Tris-

sucrose (0.05 - 0.2M) buffer. The harvested cells were

centrifuged for 7 minutes at 10,000)( g and resuspended in
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Tris-sucrose buffer. Protein determinations (Lowry et al.

1951) were made in duplicate for each sample. Cell

suspensions were then diluted to 1 mg protein/ml with

appropriate volumes of Tris-sucrose buffer.

EBQD d§§d¥§

The monitor for extract potency in this bioassay system

is cytochrome P-450-dependent monooxygenase activity

associated with the H4IIE cells. In particular, we chose to

used the indirect EROD assay described by Pohl and Fouts

(1980). This assay procedure is sensitive, specific for the

planar-type induction of P-450 enzyme activity, and is

correlated with AHH activity in this cell line (Bandiera et

al. 1984). Duplicate EROD assays were performed on each

sample in polycarbonate tubes in a shaking water bath

incubator at 37'C. A 1.25 ml final reaction volume was made

up of 1.0 ml NADPH generator system (5 mM glucose-6-phosphate,

5 mM MgSO‘, 3.5 mM NADP, and 1.6 mg BSA/m1 in 0.1 M HEPES

buffer, pH 7.8), 0.1 ml of 25 unit/ml glucose-6-phosphate

dehydrogenase (G6PDH), and 0.1 ml of the 1 mg protein/ml cell

suspension. This mixture was preincubated 10 min and the

reactions were started at 10s intervals by addition of 0.05

ml of 15 uM ethoxyresorufin (Molecular Probes) in methanol.

Reactions were terminated after 10 minutes by addition of 2.5

ml cold methanol and allowed to flocculate an additional 5

minutes at 37'C. Samples were then centrifuged for 8 minutes
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at 10,000X g and the supernatant was collected for

fluorometric analysis of resorufin.

Fluorescence of resorufin in the samples was determined

with. an SLM 4800 spectrofluorometer (Urbana, 110 at an

emission wavelength of 585 nm and excitation wavelength of 550

nmh The machine ‘was first calibrated ‘with a standard

rhodamine B solution. Consequently, the fluorescence in

samples was measured relative to this internal standard. Each

reading was an average of 20 automatic scans. A resorufin

standard was also used with each set of samples, for

calibration to a resorufin standard curve and calculation of

specific enzyme activities. EROD activity was then calculated

and reported as pmoles resorufin/mg protein/min for each

sample.

Pete em

The relationship between EROD activity and dose to the

cell was described by probit analysis. All probit analyses

were performed with PLOT-IT graphical and statistical software

(Scientific Programming Enterprises, Haslett, Michigan). The

effective dose to elicit half maximal response (ED50) was

calculated for all samples according to Finney (1978). The

maximal response of the extract was used to normalize

submaximal responses to obtain fractional values for probit

transformation. Calculation of the potency for each sample

extract was according equation 1 as reported by Sawyer et al.
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(1984).

Extract potency = TCDD ED50/Extract EDso (1)

The probit derived TCDD ED” (pg/plate) was compared with the

sample extract EDso (ul/plate) with the resultant extract

potency, expressed in units of pg TCDD-EQ/ul of extract.

TCDD-EQ were then calculated by equation 2.

TCDD-EQ(P9/9) =

(Extract potency) (Extract vol., u;) (2)

(Sample weight, g)

Variance estimates were calculated according to Finney (1978)

by an additive model for variance (equation 3).

CV, = [(CVEZ) + min"? (3)

where:

CVT== coefficient of variation for TCDD-EQ

CVE = coefficient of variation for extract EDso

CVs == coefficient of variation for standard EDso

The standard deviation (SD) of TCDD-EQs in the samples was

obtained by multiplying the fractional CNQ by the estimated

TCDD-EQ for that sample.

Differences in TCDD-EQs from composites of eggs among

regional areas was compared by a non-parametric Kruskal-Wallis
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one way analysis of variance of the ranks within each region

(Zar 1974) and the parametric General Linear Models procedure

(GLM) of SAS (SAS 1982: 1987). Comparison of regional average

TCDD-EQs were made by Tukey's and Scheffe's tests for

comparison of means (SAS 1985). The value for the single egg

collected at the Saginaw Bay CDF (June 11, 1986) was not

included in these calculations.

Results

There was a significant amount of EROD induction in

H4IIE cells caused by the extracts of all waterbird eggs and

a complete dose-response curve was generated by the extracts

from all sites tested. Representative extract (Fig. 6) and

TCDD standard (Fig. 7) dose-response curves run the same day

are presented” .All extracts had a complete range of responses

within the dosing scheme of 1-100 ul of extract/plate. This

volume of extract represents 0.015 - 3.0 g-equivalents of

waterbird egg. The range of extract EDfl,values was 10.14 -

34.34 ul extract/plate while the TCDD EDfl,values had a range

of 40.14 to 82.59 pg TCDD/plate. Coefficients of variation

for ED50 estimates were in the range of 3.83 to 11.42% and 1.40

to 2.81% for extract ED50 and TCDD EDso values, respectively.

The resultant estimates of TCDD-EQ in the waterbird eggs

generally had coefficients of variation less than 15%. Thus,

the analytical error associated with the cell culture, dosing,

and enzyme assay of this bioassay system is relatively small.
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Figure 6. Representative Dose-Response Curve

for a Great Lakes Waterbird Egg

Extract in‘H4IIE Rat Hepatoma Cells.
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Figure 7 . TCDD Dose-Response Curve in H4IIE Rat

Hepatoma Cells.
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Significant concentrations of TCDD-EQs were found in

waterbird eggs from all areas of the Great Lakes examined.

TCDD-EQs (pg/g) in double-crested cormorant egg composites

(Fig. 8) and Caspian tern egg composites (Fig. 9) are

presented for regional and species comparisons. The bioassay-

derived TCDD-EQs in the composite waterbird egg samples varied

from a low value of 49.7 pg TCDD-EQ/g for the 1986 High Is.

Caspian tern colony (No. 6) to a high of 415.7 pg TCDD-EQ/g

for the 1986 Caspian tern eggs from the Saginaw Bay Confined

Disposal Facility (Colony No. 31). There were no significant

differences among the TCDD-EQs found in cormorant and tern

eggs based on a comparison of their ranks (Mann-Whitney U

test, p > 0.20) or actual TCDD-EQs (GLM SAS, p > 0.98) when

compared across regions. Within regions which had both

species, cormorant eggs had slightly greater TCDD-EQ values

(12%), but they were not statistically significant (GLM, p =

0.57 -0.81). Additionally, there was no difference between

TCDD-EQ in waterbird eggs collected in 1986 and 1987 (GLM SAS,

p > 0.80).

TCDD-EQs in waterbird eggs from the various regions

were not the same. When these two species were ranked in

descending order of TCDD-EQ and the colony sites were

classified according to regional distribution in the Great

Lakes, a significant effect of regional distribution was

observed. The average rank of the cormorant and Caspian tern
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Figure 8. H4IIE Bioassy-Derived TCDD-EQ (pg/g)

in Double-Crested Cormorant Eggs.

The numbers under each bar refer to

colony ID numbers (see Table 4).
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Figure 9. H4IIE Bioassay-Derived TCDD-EQ (pg/g)

in Caspian Tern Eggs. The numbers

under each bar refer to colony ID

numbers (see Table 4).
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egg samples for the regions was calculated (Table 5).

Comparison of ranks showed a regional effect (Kruskal-Wallis,

0.10 > p > 0.05) as did comparison of TCDD-EQ in the waterbird

eggs (GLM SAS, p = 0.0058). Regional averages of TCDD-EQ for

cormorant and tern egg composites are presented in Table 6.

The variation of TCDD-EQ in eggs within regions was relatively

large. Coefficients of variation for among colony averages

within regions were between 16 - 59% with a mean value of 38%.

Therefore, there is a significant variation of PH contaminant

burden in double-crested cormorant and Caspian tern eggs among

colonies. Individual eggs, within colonies, were not analyzed

to address within colony-bird, or clutch variations of PHH

burdens in these eggs.

Three other species of waterbird eggs were collected

and analyzed with the H4IIE bioassay for comparative purposes

(Table 7). TCDD-EQ in these species' eggs were within the

range of values found for cormorants and terns. Because of

the limited number of samples from these species it is

impossible to make within-regional comparisons. However, when

among species differences are ignored, the Saginaw Bay

waterbird eggs fall in the upper half of the overall ranks and

the common tern egg composites from Beaver Island and Thunder

Bay are in the lower half of the overall ranks.
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Table 5 Average Rank of H4IIE TCDD-EQ in Double Crested

Cormorant and Caspian Tern Egg Composites by

Region.

1Region. _N_ Average Beak

Green Bay, Lake Michigan 8 10.9

Saginaw Bay, Lake Huron 3 11.3

Thunder Bay, Lake Huron 3 12.0

Georgian Bay/N. Channel, Lake Huron 6 19.8

Beaver Island, Lake Michigan 12 24.2

N.W. Lake Huron 2 25.0

Tahquamenon Island, Lake Superior 2 25.0

 

Egg composites ranked from highest to lowest TCDD-EQ and the

average ranks within regions were determined.

N = number of egg composites in region.
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Table 6 Regional Averages of TCDD-EQ in Egg Composites

from Double Crested Cormorants and Caspian.Terns

 

BegionlSpecies Species Av ra e CDD-E SD

Green Bay, Lake Michigan DCC 273.7 (62)

CPT 222.3 (78)

Saginaw Bay, Lake Huron CPT 294.9 (141)

Thunder Bay, Lake Huron DCC 277.7 (120)

Georgian Bay/North Channel DCC 186.5 (43)

Lake Huron CPT 194.3 (32)

Beaver Island, Lake Michigan DCC 164.7 (60)

CPT 143.3 (82)

N.W. Lake Huron DCC 145.4 (86)

Tahquamenon Island, Lake DCC 147.8 (63)

Superior

 

TCDD-EQ (pg/g) and standard deviation (SD)
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Table 7. TCDD-EQ in Egg Composites of Black Crowned Night

Heron, Ring-Billed Gull and Common Tern

 

~ TCDD-EQ (SD)

Species Colony ID (qug)

Black-crowned night heron 24 221.8 (20)

Ring-billed gull 22 208.1 (17)

Common tern 19 187.4 (17)

Common tern 20 104.3 (5.0)

 

TCDD-EQ(pg/g) and standard deviation (SD): Colony ID number

from Table A1.
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Significant concentrations of TCDD-EQ were detected in

PCB extracts of eggs from fish-eating waterbirds from all

areas of the Great Lakes. ‘The concentrations of PHHs were not

only significant enough for induction in the H4IIE bioassay,

but significant enough to cause a maximal induction at the

highest dose of each extract (100 ul/plate) in all cases.

This relates to maximal induction by 1-3 g-equivalents of the

egg composites. This has not always the case when we have

examined other samples (fish and bird flesh) from around the

Great Lakes with the H4IIE bioassay. Procedural blanks from

the PAM procedure, solvent blanks, extracts of chicken eggs

from a retail store, and extracts of fertilized chicken eggs

did not cause induction of EROD in the H4IIE cells.

Therefore, induction by the waterbird egg extracts can not be

accounted for by any of these factors. The fact that fairly

high TCDD-EQ were detected even in remote, non-urban, non-

industrialized areas is not completely unexpected based on the

recalcitrant nature of these environmental contaminants and

the estimates that the majority of PCBs enter the Great Lakes

through atmospheric transport and deposition (Eisenreich et

al., 1981).

H4IIE bioassay-derived TCDD-EQ in eggs of double-

crested cormorants and.Caspian terns ranged from 47.9 to 415.7

pg/g. The biological significance of this is not completely
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understand at this time. However, what is known is the fact

that the inductive response in the H4IIE bioassay is

quantitative with respect to PHH dose (Bradlaw and Casterline

1979: Sawyer and Safe 1982) The potential utility of the

H4IIE bioassay results lies in two distinct applications for

assessment of complex mixtures of PHHs in environmental

samples“ One is strictly as a bioanalytical tool for relative

comparisons of overall PHH potency and the other is as a

predictive tool for comparison with environmental effects.

Applications for the H4IIE bioassay as a bioanalytical tool

are numerous and many of the initial characterization studies

to this end suggest that it has good potential (Niwa et al.

1975: Bradlaw and Casterline 1979; Trotter et a1. 1982;

Casterline et al 1983). The H4IIE bioassay can act as a data

reduction tool by integrating the overall interactions of

complex PHH mixtures at the cellular level. Even if the

values obtained are not predictive of toxicological effects,

the H4IIE bioassay can serve as an integrative standard for

relative comparisons within and among environmental matrices.

As a predictive tool the H4IIE bioassay has been validated for

use in rats by the strong correlations between its in 212:9

response and the toxic responses of rats in 2129 to individual

PHH congeners (Safe 1987). If the H4IIE bioassay is to become

a tool for predicting environmental effects in various

species, an understanding will be required of the relative

structure-activity relationships within those species as well



73

as an understanding of the acute versus chronic potency within

the same species. In other words, it must be demonstrated

that the rank order of PHijotencies is similar among rats and

the species of interest. There are no such data for the

waterbirds tested in this study, however, the limited data

available in chickens indicates that the relative rank order

of potency for PCDDs (Poland and Glover 1973: Bradlaw and

Casterline 1979) and PCBs (Brunstrom and Anderson 1988) are

similar to that of rats.

The relative ranks of the TCDD-EQs in egg composites

from this study correlates well with those areas known to have

PHH contamination and known to Ihave increased rates of

deformities in fish-eating waterbirds. Forster's terns

(m feretepi) from Green Bay have had impaired

reproduction including an increased incidence of embryo

toxicity, increased incidence of deformities, and altered

parental behavior (Trick 1982: Heinz et a1. 1985: Harris et

a1. 1985: Hoffman et a1. 1987). A comprehensive study of

Forster's terns from Green Bay and a reference site in

Wisconsin compared several biological endpoints and chemical

residues from ‘these: two colonies (Kubiak. et. al. 1989).

Concentrations of TCDD and several bioactive PCBs were found

to be significantly greater in eggs from the Green Bay colony

as compared to the reference colony on Lake Poygan, WI. These

authors found decreased hatching success (both in the field

and in laboratory-reared eggs), decreased body weights of the
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hatchlings, and increased liver to body weight ratios in Green

Bay terns as compared to those from the reference site, Lake

Poygan (Kubiak et al. 1989) A similar etiology of chick edema

disease was described by Gilbertson (1983) for the severe

reproductive failure of herring gulls (Lame egeptetpe) in PHH

contaminated areas of Lake Ontario. Elevated TCDD-EQ in

Caspian tern eggs from Saginaw Bay (up to 415 pg TCDD-EQ/g)

in this study concur with the field data from this site which

has had.depressed.hatching success and.no survival past fledge

(Kurita et al. 1987) in some years. Additionally, Weseloch

et a1. (1985) found the incidence of congenital anomolies in

double-crested cormorants from Green Bay (1983 and 1984) to

be 0.95% (31 of 3249) as compared to zero (0 to 2265) from the

other study areas of Lake Erie, Lake Superior, and Lake-of-

the-Woods. Recently, Fox et al. (1988) have monitored various

PHHs in herring gull livers from around the Great Lakes and

compared these residues to the concentrations of carboxylated

porphyrins in the livers of birds from the same areat .Altered

heme biosynthesis resulting in an accumulation of carboxylated

porphyrins is also a symptom of PHH-induced toxicity (Elder

1978). Fox et al. (1988) found that herring gulls from Green

Bay' and Saginaw' Bay' had» the. greatest concentrations of

carboxylated porphyrins in their livers compared to all other

Great Lake sites.

Laboratory studies clearly indicate that both PCBs and

PCDDs can cause the same suite of effects, including
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reproductive impairment and altered biochemical homeostasis,

that have been reported in field studies of fish-eating

waterbirds (McCune et a1. 1962: Higginbotham et al. 1968;

Dahlgren and Linder 1971: Carlson and Duby 1973; Cecil et al.

1973: 1974: Peakall and Peakall 1973: Platnow and Reinhart

1973: Poland and Glover 1973: Tusamonis et al. 1973; Ax and

Hansen 1975: McKinney et al. 1976: Cheung et al. 1981). It

has also been established, both by residue analysis (see

Baumann and Whittle 1988, for recent review) and now by H4IIE

extract bioassay described in this study, that PHH residues

exist within the aquatic food chain in the Great Lakes and

that they are elevated in areas of industrial pollution such

as Green Bay and Saginaw Bay. Evidence for a causal role of

PHHs in the reproductive impairment of these waterbirds is

circumstantial. The studies making the direct link between

these compounds and an adverse effect in the field have not

been undertaken. The evidence, however circumstantial, for

such a relationship appears to be mounting.

Whether the TCDD-EQ obtained for these complex mixtures

reflect absolutely what effect that amount of TCDD in the

organism would have was beyond the scope of work in this study

and has not been addressed by other investigators. However,

comparisons that can be made between the TCDD-EQ observed in

waterbird eggs in this study and laboratory data on the

effects of TCDD in birds, are found within the literature on

chicken embryos exposed to TCDD. To make such comparisons,
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one must make the assumption that these values are absolute

predictions of the potential toxic effects of TCDD at the

equivalent concentrations. This assumption has not been

validated by this study. However, with this in mind, the

lowest observed adverse effect concentration (LOAEC) in

chicken embryos is 6.4 pg TCDD/g (Cheung et al. 1981). These

investigators found a 21% increase in cardiovascular

malformations in white leghorn chicken embryos at this

concentration (estimated based on 50 g egg weight) and a 200%

increase at 65 pg TCDD/g. The LDso for hatchability in this

same species was estimated at 140 pg TCDD/g (Goldstein 1980)

and 1000 pg TCDD/g caused 100% embryonic death (Higginbotham

1968) . The LDs0 for adult white leghorn chickens is between

25,000 and 50,000 pg/g (Sawyer et al. 1986), thus showing the

sensitivity difference between adult and embryonic stages.

The other issue that must be considered when making these

comparisons is that of differences in species sensitivity.

Clearly, chickens appear to be one of the most, if not the

most sensitive avian species to the toxic effects of TCDD

(Goldstein 1980; Brunstrom 1988). However, we are uncertain

where Caspian terns and double-crested cormorant embryos lay

along the scale from sensitive to relatively insensitive

species.

Recently, in a study of Forster's terns on Green Bay

(Kubiak et al. 1989) , relative potency factors developed from

the H4IIE bioassay were used to convert chemical residue
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analysis data into dioxin-equivalents. The authors used

”conversion factors" (similar to "toxic equivalency factors,"

TEFs) which were derived by comparison of an individual

congener's potency in the H4IIE bioassay to that of TCDD

(Sawyer et al. 1984). Dioxin-equivalents for individual

congeners were then calculated by multiplying the congener's

”conversion factor" by its concentration in the sample. These

individual values of dioxin-equivalents were then summed,

assuming an additive model of toxicity, to estimate total

dioxin-equivalents in the sample. Using this method, these

authors calculated dioxin-equivalents in Forster's tern eggs

from Green Bay, 1983 to have a median value of 2175 pg/g.

This value is approximately an order of magnitude greater than

the concentration of H4IIE-derived TCDD-EQ in Green Bay

waterbird eggs from this study. While there are temporal and

species differences to consider, these discrepancies may be

due to less than additive effects or antagonism which is only

assessed by the H4IIE bioassay. It is also interesting to

note that 2,3,7,8-TCDD accounted for less than 2% of the total

dioxin-equivalents in their calculations (Kubiak et al. 1989) ,

the remainder being made up of only a few of the bioactive PCB

congeners.

In conclusion, the H4IIE bioassay may be a useful tool

for assessment of PHH mixtures from environmental matrices.

It provides a determination of the potency of the mixture

which incorporates the synergistic and antagonistic
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interactions which can occur at the cellular level.

Additionally, because the extracts are taken from the target

organ, differences in pharmacokinetics among congeners and

species are incorporated into this bioassay system. Further

studies are required to determine whether the relative potency

of PHHs in rat cells are similar to their relative potencies

in other speciesw ‘Until such‘work.is complete, caution should

be taken when using this bioassay to assess toxic risks to

other species. However, the potential utility of this simple,

fast, and integrative bioassay remains.

denser!

The H4IIE bioassay was used to assess the potency of

PCB extracts from colonial fish-eating waterbirds from around

the Great Lakes. Significant concentrations of TCDD-EQ were

found in all of the waterbird eggs. The range of values was

49-415 pg TCDD-EQ/g. There was a significant effect of

regional distribution which corresponds with the existing data

on PHH residues and adverse effects seen in DCC and CPTs.

Waterbird eggs from urban and industrialized areas had the

greatest amount of TCDD-EQ while the more remote areas had

less contaminated eggs. At this time it is impossible to

understand the exact significance of H4IIE-derived.TCDD-EQ in

this range for these species. However, the bioassay data

appear to corroborate residue analysis and the adverse

environmental effects seen in the colonial fish-eating

waterbirds of the Great Lakes.
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CHAPTER 3

Comparison of the Relative Potencies of PCB

Mixtures from Environmental Samples with

the H4IIE Rat Hepatoma Bioassay.
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Polychlorinated biphenyls (PCBs) are an important group

of environmental contaminants consisting of up to a

theoretical 209 individual congeners. Even though there has

been a great deal of research into the toxicological effects

of these compounds, assessment of the potential environmental

effects of PCBs has been hindered. Part of the problem

encountered in the environmental assessment of PCBs stems from

the fact that the individual PCB congeners inherently have

different physical and chemical properties (Mackay et al.,

1983). The differences in physical and chemical properties

among the PCB congeners results in variable rates of transport

and transformation of these congeners in the environment.

Environmental fate properties such as volatilization,

sorption, bioaccumulation, photolysis, and biodegradation can

exhibit vastly different rates for each of the PCB congeners

(Hutzinger et al., 1974). The result of these differential

rates of environmental transport and transformation for the

individual PCB congeners is that patterns or ratios of PCBs

are drastically different among certain environmental matrices

(Schwartz et al., 1987). Conventional analysis of PCBs in

environmental samples calls for standardization against the

technical mixtures which were originally released into the

environment (Pesticide Analytical Manual, 1979: Ribick et a1. ,

1981: Burkhard and Weininger, 1987). In the U.S. these

mixtures were largely the Aroclors 1232, 1242, 1248, 1254, and

95
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1260 produced by Monsanto Corporation (St. Louis, MO) which

contain 32%, 42%, 54%, and 60% chlorine by weight,

respectively. Comparison of the technical PCB standards with

environmental extracts of PCB becomes a difficult task because

of the gross differences which can occur among the patterns

of individual PCB congeners found in samples and standards.

At best, these measurements of total PCBs are accurate but

toxicologically irrelevant. At worst, such quantitation of

total PCBs against a technical standard is completely

inaccurate.

The differences in PCB patterns among environmental

matrices has been demonstrated by several groups using

congener specific PCB analysis. Norstrom (1988) compared

patterns of PCB accumulation in relation to predator-prey

trophic interactions to demonstrate the variation in PCB

congener patterns. Similar work has shown selective uptake,

retention, metabolism, and depuration of PCBs across trophic

levels (Tanabe et al., 1987: Oliver and.Niimi, 1988). Changes

in PCB congener patterns have also been investigated on a

temporal basis in sediment profiles (Oliver et al., 1989).

These authors observed an increase in the relative percentage

of the tetra- and pentachlorobiphenyls in sediment cores from

Lake Ontario at depths corresponding to between the mid 1960s

and latter 1980s. This has implications on the overall

toxicity of the PCB mixtures, because the most toxic PCB

congeners are tetra- and penta-chlorobiphenyls (Safe, 1986:
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1987). The use of pattern recognition techniques has also

been helpful in distinguishing the similarities and

differences between PCB congener patterns (Stalling et al.,

1987: Schwartz et al., 1987).

Dramatic improvements in the analytical methods

associated with separation, clean-up, and enrichment of PCB

extracts have been made in recent years (Smith, 1981: Huckins

et al., 1988). These improvements have allowed for

quantitation of nearly all of the PCB congeners and

particularly the non-ortho- and mono-ortho-substituted

congeners which can readily assume a planar configuration

(McKinney and Pedersen, 1986). A planar configuration and

halogen substitution at the lateral position are common traits

of the most toxic PCB congeners (Poland and Knutson, 1982).

Although these planar PCB congeners only comprise a minor

fraction of the technical standards (Kannan et al., 1987:

Huckins et al., 1988) they are found in much greater

concentrations in humans and wildlife relative to that of the

technical mixture (Tanabe et al., 1987). In samples from the

Great Lakes, the planar PCBs are thought to comprise the major

portion of the total PHH toxic potency (Niimi and Oliver,

1989a: 1989b: Kubiak et al., 1989). Even with these powerful

new methods for determination of the toxic PCB congeners,

additional information on the interactions of these complex

PCB mixtures is necessary before a proper assessment of their

potential hazards can be made.



98

PCBs, dioxins, and dibenzofurans have been variously

shown to exhibit synergism, antagonism, or additive effects

dependent on the combinations and molar ratios of the

contaminants (Birnbaum et a1. , 1985: Weber et a1. , 1985: Eadon

et al., 1986: Keys et al., 1986: Bannister and Safe, 1987:

Bannister et al., 1987: Leece et al., 1987: Haake et al.,

1987: Davis and Safe, 1988: Pluss et al., 1988a:b: Biegel et

al., 1989: Bannister et al., 1987). A system which has been

suggested as a possible tool for integration of these complex

interactions of polyhalogenated hydrocarbons (PHHs) is the

H4IIE rat hepatoma cell bioassay (Bradlaw and Casterline,

1979: Sawyer et al., 1984: Sawyer and Safe, 1985). The

inductive response of the H4IIE cells 19 21929, was highly

correlated to the toxicity of PHH congeners and mixtures 19

2129 to rats (Safe, 1987). In other words, the bioassay

response was predictive of the actual toxic response in the

whole organism. Therefore, we felt that this bioassay may be

helpful to bridge the gap between residue analysis in

environmental samples and potential environmental effects.

It was the objective of this study to use the H4IIE

bioassay in conjunction with residue analysis to examine the

relationships between PCB residues and the bioanalytical

results of the bioassay. In particular, total PCB residues

in a variety of environmental samples were compared with H4IIE

bioassay results on the same samples to evaluate this relative

potency of total PCB in these samples. Additionally, a set
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of Forster's tern eggs were analyzed with the H4IIE bioassay

for comparison with congener specific PCB analysis which has

been reported for egg samples from the same colonies.

112211292

Samples, Extractions, Bioassay

Samples for total PCB and bioassay analysis were; 28

double-crested cormorant (DCC, 'Ehe1eep9e9pex_.eppipie), 3

Caspian tern (CPT, 12929pppgne eespia), and 2 Forster's tern

(FST, fiterna forstepi) egg composites (> 5 eggs/composite).

Two individual bald eagle (fie1ieeppe.1e999eephelpe) eggs were

also analyzed for total PCB content and the bioassay.

Additionally, dorsal muscle (fillet) and eggs from 10 chinook

salmon (WW) collected at the Little

Manistee weir on October 7, 1987 (see Ankley et al. 1989 for

details) were analysed for total PCB content as well as

utilized in the H4IIE bioassay.

Individual Forster's tern eggs collected in 1983 from

Lake Poygan and Green Bay, WI were extracted and analyzed with

the H4IIE bioassay. The bioassay results were compared to

congener specific PCB analysis, reported by Kubiak et al.

(1989), on eggs taken from.the same colonies on the same year.

Extraction and clean-up protocols were according to

either the Pesticide Analytical Manual PAM (1979) Sec. 212 or
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Ribick et al. (1981). The two eagle eggs and 11 of the

double-crested cormorant egg composites were extracted and

analyzed for total PCBs by T.R. Schwartz and K. Feltz at the

U.S. Fish and Wildlife Service National Fish Contaminant

Research Center, Columbia, MO. These samples were extracted

according to Ribick.et al. (1981) and aliquots of the extracts

were sent to our laboratory for H4IIE bioanalysis.

A detailed description of the H4IIE bioassay procedures

were presented in Chapter 2. Briefly, the procedures were as

follows. H4IIE rat hepatoma cells were maintained using

standard published techniques (Bradlaw and Casterline, 1979;

Sawyer and Safe, 1982). The rat hepatoma cells were exposed

to four to six serial dilutions of the sample extracts.

Extracts were dissolved in isooctane prior to addition to the

cell cultures (Bradlaw and Casterline, 1979). Each dilution

of extract was assayed in duplicate or triplicate. Hepatoma

cells were harvested after 72 hours of incubation. Concurrent

with each assay, 2,3,7,8-TCDD was added to another series of

plates for the determination of a standard 2,3,7,8-TCDD dose-

response relationship. Upon harvesting, the cultures were

washed, centrifuged, and resuspended in Tris-sucrose buffer

(Mason et al., 1986). EROD.activities in the cell suspensions

were measured using the fluorimetric techniques described by

Pohl and Fouts (1980).
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Residue Analysis

Total PCBs were determined by gas chromotography

(Perkin Elmer Model 8500) against a standard 1:1:1:1 Aroclor

1242:1248:1254:1260 mixture. Gas chromatographic conditions

were: [63]-nickel electron capture detector (ECD) at 230'C:

injector temperature 240‘C, 30 m x 0.25 mm i.d. DB-5 column,

He carrier gas (20 psig), and nitrogen make-up gas (55 psig).

Initial oven temperature was 120°C and.programmed temperature

ramp was 2'C/min after an initial 1 min hold. Quantitation

of total PCBs in the extracts was against the 1:1:1:1 Aroclor

mixture based on relative retention indices and using a

computerized program. with a regressive pattern matching

algorithm (COMSTAR: Burkhard and Weininger, 1987).

Data Analysis

The determination of TCDD-EQ based on the H4IIE

bioassay was either by comparison of probit derived EDso values

(Sawyer et al., 1984) or by the slope ratio assay (Finney,

1978) The method for TCDD-EQ determinations by EDso values has

been described.in.detail elsewhere (Chap. 2). The slope ratio

assay for calculation of extract potency involves a model

which assumes a linear response of the system to a known power

of the dose (Finney, 1978). Therefore, only a linear portion

of the dose-response curve was utilized with this type of data

analysis. The slope ratio assay may be used in cases where

a full range of response is not elicited in the dosed H4IIE
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cells. The relative potency of the extract, "TCDD-

equivalents" (TCDD-EQ), was determined by comparison of the

extract and TCDD standard dose-response curves (equation 1).

Extract potency (pg TCDD-EQ/ul) -- Sample slope/TCDD slope (1)

The units of the sample and TCDD standard dose-response

curve slopes are (EROD/ul of extract) and (EROD/pg TCDD),

respectively. TCDD-EQ were then calculated based on extract

volume and initial sample weight. All values of total PCBs

and TCDD-EQ are reported on a weight weight basis. PCBs and

TCDD-EQ values for the eagle egg samples were corrected for

moisture and lipid loss based on initial egg volumes (Stickel

et al, 1973).

Correlation and regression analysis was performed on

PLOT IT (Scientific Programming Enterprises, Haslett, MI)

statistical and graphical computer program. Comparison of

means was by standard t-test (Zar, 1974).

Bfififlllfi

Total PCB Comparisons

A variety of environmental samples were analyzed for

total PCB concentrations in addition to the H4IIE bioassay.

The samples examined by both of these techniques include:

Caspian Tern eggs, Forster's tern eggs, bald eagle eggs,

double-crested cormorant eggs, and chinook salmon eggs and



103

dorsal muscle. These samples represent a wide range of total

PCBs, 0.05 to 98.54 ug/g. The range of H4IIE-derived TCDD-EQ

in these samples was 0 to 1065 pg/g. The average TCDD-EQ/PCB

ratios among these species were from 7.44 to 35.32 ppm (pg

TCDD-EQ/ug PCB, Table 8), while the range of these ratios

within individual samples was 5.22 to 95.75 ppm.

The ratio of H4IIE bioassay-derived TCDD-EQ to total

PCBs varied among species, collection site, and tissue

analyzed (Table 8). Double-crested cormorant eggs collected

from locations around the Great Lakes and one site off the

Great Lakes comprised the largest data set within a given

species (n=27). The cormorant eggs were collected from 1984,

1986, 1987, and 1988, however' there ‘was no discernable

difference in the relationship between TCDD-EQ and PCBs among

these years. A complete data set from any one colony over all

of these years was unavailable. The relationship of TCDD-EQ

and total PCBs in double-crested cormorant eggs (Fig. 10) had

a wide range of values. The range of TCDD-EQ was 35.0 to 506

pg/g and the range of total PCBs was 0.83 to 14.84 ug/g. The

ratios of TCDD-EQ to total PCBs in these samples were from

14.05 to 95.75 ppm (pg TCDD-EQ/ug PCB). As would be expected,

there was a significant positive correlation between total PCB

concentrations and H4IIE-derived TCDD-EQ (p = 0.0001),

however, the correlation is not very strong and the ability

to predict one variable from the other is relatively poor (r2

= 0.464). Similarly, Forster's terns and bald eagles had
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Table 8. Average TCDD-EQ to Total PCB Ratios for Various

Species from the Great Lakes

 

Average Ratio

 
Speeiee Tissue n Icon-pence (SD)

Caspian Tern Eggs 3 23.46 (1.26)

Forster's tern Eggs 2 7.44 (3.14)

Double-crested Eggs 27 35.32 (16.76)

cormorant

Bald eagle Eggs 2 15.73 (3.35)

Chinook salmon Fillet 10 11.46 (5.06)

Eggs 10 24.77 (4.42)

 

Ratio of H4IIE-derived TCDD-EQ/total PCB has units,

(pg/g)/(ug/g) or ppm: SD = Standard deviation of ratio means
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Figure 10. Corrlation Between Total PCB

Concentrations and H4IIE Bioassay-

Derived TCDD-EQ in Double-Crested

Cormorant Eggs from the Great Lakes.
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approximately 2-fold differences in TCDD-EQ/PCB ratios among

eggs collected from different sites (Table 9). Variation in

TCDD EQ/PCB ratios seen within a species when the samples are

from different sites appears to be the rule with the exception

of Caspian tern eggs“ Caspian tern eggs collected in 1986 and

1987 had similar ratios of TCDD-EQ to total PCBs among the

three different collection sites (Table 9). The TCDD-EQ/PCB

ratios were within 10% of one another, even though there was

greater than 2-fold differences among total PCBs and among

TCDD-EQ in the Caspian terns eggs. The reason for the

similarity of TCDD-EQ/PCB ratios in the Caspian tern eggs is

unknown, however, dietary preference, metabolism, and genetics

may be regulating factors.

Samples from a single species collected within the same

area can have a stronger correlation between TCDD-EQ and total

PCB concentrations. Female chinook salmon collected October

7, 1987 at the Little Manistee weir near Manistee, MI had.much

stronger correlations between concentrations of TCDD-EQ and

total PCBs (Fig. 11). TCDD-EQ and total PCB concentrations

were correlated in fillets (r = 0.801) and eggs (r = 0.802)

from these salmon. The significant correlation.between TCDD-

EQ and total PCB concentrations in these samples is not

completely unexpected due to the schooling behavior,

similarity in diet, size, sex, sexual maturity of these fish,

and the genetic homogeneity of the chinook from this site.

It is also interesting to note the differences in relative PCB
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Table 9. H4IIE Bioassay TCDD-EQ to Total PCB Ratios in Egg

Composites Collected from the Great Lakes

 

TCDD-EQ 2 PCB. TCDD-EQ/PCB

§pe9ies (pglg) _1§QLQL_ __22E__

Caspian Tern

Beaver Is. 143.3 5.76 24.88

Green Bay 222.3 9.66 23.01

Saginaw Bay 294.9 13.12 22.48

Forster's Tern'

Green Bay 214.5 22.20 9.66

Lake Poygan 23.5 4.50 5.22

Bald Eagleb

Alpena, MI 1065.0 58.85 18.10

Big Bay de NOC, MI 559.6 41.89 13.36

 

a) Mean of TCDD-EQ for nine individual eggs compared to

average total PCB residue analysis values in.eggs from the

same colony (Kubiak et al.,

b) Bald eagle samples are individual eggs.

1989).
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Figure 11. Correlation Between Total PCB

Concentrations and H4IIE Bioassay-

Derived TCDD-EQ in Chinook Salmon

Fillets and Eggs. Female salmon

collected at the Little Manistee weir

in 1987.
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potency between the fillets and eggs of these salmon (Table

8). The means of the TCDD-EQ/PCB concentration ratios from

fillets (11.46 ppm) and eggs (24.77 ppm) were significantly

different (p < 0.001). The eggs from these salmon contain

PCBs which elicit two-fold greater activity in the H4IIE

bioassay than an equivalent amount of PCBs extracted from the

fillets of the same salmon.

Congener Specific Analysis Comparisons

Forster's tern eggs collected from Green Bay and Lake

Poygan, WI (approximately 60 miles inland from Green Bay) in

1983 were extracted and analyzed.with the H4IIE bioassay; The

average TCDD-EQ concentration in Forster's tern eggs from

Green Bay was nearly 10-fold greater than the average

concentration found in Forster's tern eggs from Lake Poygan

(Table 10). TCDD-EQ in the eggs from the reference site, Lake

Poygan, had an average value of 23.4 pg TCDD-EQ/g and a range

from 13.6 to 34.2 pg TCDD-EQ/g. TCDD-EQ in the eggs from the

contaminated area, Green Bay, averaged 214.5 pg TCDD-EQ/g and

ranged from 90.1 to 339.1 pg TCDD-EQ/g.

Congener specific PCB analysis has been reported for

Forster's tern eggs collected the same year, from these same

sites, Lake Poygan and Green Bay, WI (Kubiak et al., 1989).

These authors used the H4IIE bioassay-derived potencies (Safe,

1987) of the individual PCB congeners relative to TCDD to
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convert the PCB concentrations to TCDD-EQ concentrations in

the tern eggs. After the concentration of each congener was

converted to TCDD-EQ concentrations, the TCDD-EQ for each PCB

congener were summed to give total TCDD-EQ in the sample based

on an additive model (Kubiak et al., 1989). These authors

estimated the median concentrations of TCDD-EQ based on

residue analysis to be 2175 and 201 pg TCDD-EQ/g for the.Green

Bay and Lake Poygan colonies, respectively. Their estimates

of TCDD-EQ included actual TCDD in the eggs, however actual

TCDD only accounted for < 2% of the total TCDD-EQ (Kubiak et

al., 1989). If the same type of calculations of TCDD-EQ are

made from these authors PCB residue concentrations using

conversion factors from this laboratory, the resultant TCDD-

EQ estimates are much closer to the values predicted with the

bioassay (Table 11). TCDD-EQs calculated in this manner from

their PCB residue analysis, conversion factors, and additive

model of toxicity were 70.83 pg/g for Lake Poygan eggs and

483.32 pg/g for eggs from Green Bay. These residue analysis-

based TCDD-EQ are 2-3 fold greater than the H4IIE bioassay

derived TCDD-EQ we determined in Forster's tern eggs collected

at the same site and.year (Table 10). However, the difference

between the bioassay and an additive model still indicates

less than additive potency of the PCB mixtures in these egg

extracts.
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121.829.551.211

Comparison of total PCB residues and H4IIE-derived

TCDD-EQ in environmental samples has demonstrated the

differences which can exist in the relative potencies of these

contaminants among various matrices. The fact that patterns

of PCBs are altered in the environment by biotic and abiotic

transport and transformation processes is well known (Burkhard

et al., 1985: Stalling et al., 1987; Schwartz et al., 1987;

Oliver and Niimi, 1988: Oliver et al., 1989). In this study

we demonstrate that these changes in PCB ratios can equate to

differences in the potency of PCB mixtures in the environment.

Even within a species, the relative potency of PCBs can have

a wide range (Fig. 10). Double-crested cormorant eggs from

different locations around the Great Lakes had vastly

different ratios of TCDD-EQ concentrations to total PCB

concentrations (14.05» - 95.75» ppm), suggesting' that ‘the

difference in PCB patterns seen among regions within a given

species can lead to significant differences in potential

toxicity to the organisms. The source term for PCB exposure

of these organisms appears to have a significant role in the

ultimate overall potency of these mixtures of chemicals. In

this regard, there were reasonably good correlations between

total PCB concentrations and TCDD-EQ in chinook salmon fillets

(r - 0.81) and eggs (r = 0.82) (Fig. 11). These fish were

taken at the same time, from the same location, thus
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minimizing the differences in exposure source terms. Similar

results were seen when chemical residue analysis-derived TCDD-

EQ were compared to total PCBs in fish from this same site a

year earlier (Williams, 1989).

Another utility of these comparisons between H4IIE

bioassay-derived TCDD-EQ and total PCBs is in development of

an understanding of the potential enrichment of toxic potency

which can occur in various species and within tissues of a

given species. The average TCDD-EQ/PCB ratios for various

species and tissues (from Table 8) are compared to the

relative potencies of technical Aroclor standards determined

with the H4IIE bioassay by Sawyer et al. (1984) (Fig. 12).

From this graph, a few interesting relationships appear.

First, there appears to be enrichment of PCBs as measured by

induction potency for certain species compared to the

technical standards. In particular, the cormorant eggs,

Caspian tern eggs, and salmon eggs appear to have a more

potent mixture of PCBs as compared to the standards (Fig. 12) .

These comparisons must be viewed with caution in that the

potencies of the Aroclor standards were determined under

different conditions which may affect the response of the

bioassay and the resultant estimates of relative potency.

However, a clear case for enrichment of PCB mixtures does

exist in the TCDD-EQ/PCB ratios observed in salmon flesh and

eggs. The relative potency of PCBs from the salmon eggs was

two-fold greater than those extracted from fillets of the same
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Figure 12. Average H4IIE Bioassay-Derived TCDD-EQ

I to Total PCB Ratios in Great Lakes Fish

and.Wildlife Extracts and.Technical PCB

Standards. PCB standards are as

reported by Sawyer et al. (1984).
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fish (Fig. 12). This may have implications on the

reproductive problems that have been described in salmonid

species from.the Great Lakes (Mac et al., 1981: Berlin.et al.,

1981: Giesy et al., 1986: Mac, 1988).

The comparison of H4IIE bioassay results with congener

specific PCB analysis indicates that additive or less than

additive potency exists in these mixtures. The TCDD-EQ values

derived by the bioassay were 2-3 fold less than what would be

expected.based on residue analysis, the potency factors of the

individual PCB congeners derived under the same conditions,

and an additive model of potency; The only other data of this

type available for comparison are the congener specific PCB

analysis of chinook salmon eggs from the Little Manistee weir

collected one year prior to the samples we analyzed with the

bioassay (Williams, 1989). When the PCB congener data from

the 1986 chinook eggs are converted to TCDD-EQ with potency

factors from our bioassay system, the average TCDD-EQ are

130.7 pg/g. This is very close to the bioassay estimated 91.6

pg TCDD-EQ/g in chinook salmon eggs collected from the same

location in 1987. This also points out another use of this

bioassay system, which is an aid in understanding which

congeners are contributing to the overall potency of the

mixture. Based on a simple additive model one can readily

tell which congeners are the most important and which should

be of lower priority in subsequent analyses.

In summary, it was demonstrated that PCB mixtures may
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have variable potency as described by the H4IIE bioassay.

This bioassay may be a useful tool to help interpret chemical

residue analysis in environmental samples. The utility of

this bioassay as a cellular integrator of the complex

interactions of PHHs is powerful when used in conjunction with

chemical residue analysis. Although more work is required to

understand the toxicological implications of the H4IIE

bioassay results with respect to other species, it may serve

as a rapid, inexpensive method for evaluating relative

potencies and possibly for predicting environmental effects

of PHHs.
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CHAPTER 4

PCB Residues and Egg Mortality in Double-Crested

Cormorants from the Great Lakes.



Introduction

In this study we have evaluated the overall potency of

PCB extracts from double-crested cormorant eggs with an 19

21pr9 bioassay system, the H4IIE rat hepatoma cell bioassay.

Results from the H4IIE bioassay are highly correlated with the

hatching success in the colonies, while conventional methods

of PCB analysis were not significantly correlated. with

hatching success in the colonies. Further significance of the

relationship between the bioassay results and egg mortality

comes from the fact that even though PCB residues have

declined in almost all cdmpartments of the: Great Lakes

environment, their effects are still being seen.

Great Lakes fish-eating waterbirds show a variety of

symptoms similar to those seen in laboratory studies of avian

species administered polychlorinated biphenyls (PCBs, 1) . The

general symptoms of PCB toxicity are altered biochemical

homeostasis, gross anatomical deformities, and the

reproductive effects of fetotoxicity and teratogenesis (2).

Individually these symptoms could be caused by a variety of

chemical, physical, or biological agents, but collectively the

same suite of toxic effects is seen across phyla when

organisms are exposed to planar halogenated hydrocarbons

(PHHs, 3).

PHHs include a subset of the PCBs, the dibenzo-p-

dioxins, and dibenzofurans, all of which are believed to

133
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elicit their toxic effects through the same receptor-mediated

mode of action (4). Environmental contamination by PHHs in

the Great Lakes stems from regional industrial and urban

activities along with atmospheric deposition of these

compounds (5). The combination of various sources, hundreds

of individual congeners with different potencies and

environmental fate properties, and only a meager understanding

of the complex interactions of PHH mixtures has made

evaluation of environmental PHH contamination difficult from

a toxicological standpoint" ZRoutine 'methods of residue

analysis group all of the PCBs as equipotent and use

commercial mixtures as standards. However, the ratios of the

individual congeners vary among environmental samples and do

not reflect the same ratios found in the commercial standards

which initially entered the environment (6). This may be a

significant factor why PCB contaminant burdens in fish and

wildlife measured in this fashion have not been highly

correlated with the toxicological symptoms even though

qualitatively the symptoms of PHH-like poisoning are greater

in those areas of greater contamination. That is, more severe

effects are seen in species from contaminated areas and little

or no effects are seen in "cleaner" areas. However, a

gradient of biological response and PHH chemical contamination

has not been established in the Great Lakes (7) . The problem

of assessment of PHH mixtures is further confounded by the

occurrence and effects of other environmental contaminants
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such as agricultural pesticides. DDT (2,2-bis(p-

chlorophenyl)-1,1,1-trichloroethane) and. its. environmental

metabolites, co-contaminants in the Great Lakes basin, are the

agents suspected to be responsible for egg shell thinning

related mortalities of many fish-eating waterbirds (8).

It was therefore the purpose of this study to)determine

the role and extent to which PHHs may be responsible for the

symptoms seen in Great Lakes fish-eating birds. In

particular, we evaluated the overall potency of PCB extracts

of double-crested cormorant eggs with the H4IIE rat hepatoma

cell bioassay system. Bioassay results were then compared

with reproductive success of the cormorant colonies from the

various regions of the Great Lakes.

The H4IIE bioassay has been utilized by other

researchers to evaluate the relative potency of complex PHH

mixtures in environmental samples (9) . The H4IIE rat hepatoma

cells have the characteristics of low basal P450IA1-associated

catalytic activity, yet they are highly inducible by PHHs

(10). 19'21pr9 induction potency of various PHH congeners in

this cell line is highly correlated with 19 2129 potency for

the toxic endpoints of body weight loss and thymic atrophy in

rats (11) . The H4IIE bioassay shows promise as an integrative

tool to assess the relative potency of complex mixtures of

PH. The synergistic, antagonistic, and additive interactions

which are known to occur 19 2129 among PHHs may be accounted

for by the H4IIE bioassay system.



136

Double-crested cormorants from 11 colonies representing

5 regional areas around the Great Lakes and a reference site

outside the Great Lakes (Table 12) were monitored for

reproductive performance in 1986, 1987, and/or 1988. Site

selection criteria was based on the ability to find

established ground nesting colonies with approximately 250

nests total. Although various groups were involved with the

field collections and reproductive assessments at the

different sites, field protocols were similar for all colonies

(12). Initial visits were designed to census and. map

colonies, select nests to be observed (25-50 nests, except

where the entire colony was monitored), collect eggs from the

test area for residue analysis (6-12 eggs/colony), and mark

nests and the remainder of the eggs within the experimental

zone. We used pie-shaped test areas which included a portion

of the outer border and extended into the center of the colony

so as to normalize edge effects where predation by gulls can

be the greatest. This first visit was staged at a time such

that 85-90% of the eggs from the first nesting attempt had

been laid. Archived eggs were weighed, placed in separate

solvent rinsed jars, returned to the laboratory and stored at

10' C until extraction.

There were generally three subsequent visits to the

colonies at time intervals of 10-14 days. Egg viability,

hatching success, lost eggs, and new nesting attempts were

monitored. Chicks were banded, checked for gross deformities
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Table 12. Colony, Collection Years, and Regional Locations of

Double-Crested Cormorants.

I. Green Bay, Lake Michigan

1986

Little Gull Island

Snake Island

1987

Gravelly / Little Gull Islands

1988

Spider Island

II. North Central Lake Michigan

1986

Hat Island

Pismjire Island

West Grape Island

III. Northwestern Lake Huron

1986

St. Martin's Shoal

1987

St. Martin's Shoal

IV. Southeastern Lake Superior

1986

Tahquamenon Island

1987

Tahquamenon Island

V. Lake Ontario

1988

Pigeon Island

VI. Lake Winnepegosis, Manitoba, Canada

1988

Hay Reef
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and counted to determine fledging rates. Additionally, 25 day

old eggs from outside the experimental plot were collected and

later dissected to determine rates of deformities.

Composites of 5-12 eggs were extracted and the extracts

used to dose the H4IIE cells as previously described (9).

The potency of PCB extracts was calibrated against a 2,3,7,8-

tetrachlorodibenzo-p-dioxin standard dose-response curve in

the H4IIE cells to determine TCDD-equivalents (TCDD-EQ) in the

samples (13). Total PCBs in the same samples were analyzed

by GC-ECD.

The H4IIE bioassay-derived TCDD-EQ in cormorant eggs

were in the range 35-344 pg TCDD-EQ/g, while total PCBs had

a range of 0.05-14.84 ug/g. Egg mortality in the cormorant

colonies was between 8 and 39% of the eggs laid. There was

a significant correlation (p = 0.045) between total PCB

concentrations in composites of cormorant eggs from a colony

and egg mortality rates from the same colony as a percent of

those laid, as would be expected if these contaminants are

exerting an influence on hatching success (Fig. 13). However,

the relationship between total PCB concentrations and egg

mortality rates was not very strong (r2 = 0.319), making

prediction of effects from this type of data rather

inaccurate. In contrast, the correlation between H4IIE

bioassay-derived TCDD-EQ in cormorant egg composites and egg

mortality rates from these colonies was not only significant

(p = 0.003), but TCDD-EQ were much better than total PCBs as
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Figure 13. Correlation Between Total PCB

Concentrations in Double-Crested

Cormorant Eggs and Egg Mortality Rates.
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a predictor of egg mortality rates (r3 = 0.703) (Fig. 14).

There appears to be a dose-response relationship between the

bioassay-derived TCDD-EQ in the cormorant eggs and hatching

success in these colonies. These data support the studies

that suggest that PHHs may' have a causal role in the

reproductive impairment seen in double-crested cormorants in

the Great Lakes (1). The biological gradient observed for

these samples is an important relation which has not been

established previously in suspected cases of environmental

contamination in waterbirds (7-8).

The significance of this relationship of H4IIE

bioassay-derived TCDD-EQ and reproductive success in

cormorants has implications on three aspects of the

environmental contamination issues in the.Great Lakes. IFirst,

it suggests that even though concentrations of PCBs and other

persistent compounds are going down in virtually all

compartments of the environment, they continue to elicit

effects. The concentrations of PCBs in Great Lakes biota are

believed to have declined to an asymptote that will not be

reduced significantly for some time (14). In the 19605 and

19705 both PCBs and p,p'-DDE residues were elevated in

cormorants and other compartments of the Great Lakes

environment. The decline of Double-crested cormorant

populations seen during this period has largely been

attributed to egg shell thinning by p,p'-DDE. The mean

residue values of p,p'-DDE in cormorant eggs from Lake
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Figure 14. Correlation Between H4IIE Bioassay-

Derived TCDD-EQ in Double-Crested

Cormorant Eggs and Egg Mortality Rates.
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Michigan colonies in 1977-78 was 3-5 ppm and these colonies

had 7-14% egg shell thinning (15). A concentration of 10 ppm

DDE is associated with 20% egg shell thinning, an amount

believed to cause severe and possibly complete reproductive

failure in cormorants (16) . The large DDE concentrations

found in Great Lakes cormorant eggs during the 19608-1970s may

have masked the effects of elevated PCBs in those same eggs.

Now that DDE concentrations have declined , expression of the

fetotoxic and teratogenic effects of PCBs and other PHHs may

be occurring in the water birds. These effects would also be

enhanced due to enrichment of the PCB mixtures to more toxic

combinations (l7) . The second implication of the relationship

between TCDD-EQ and egg mortality rates in the cormorant, is

that it appears that the reproductive anomalies reported in

Great Lakes cormorants are due to PHH, and largely PCBs, and

not other pesticides. The last point of significance of this

relationship is that it appears that the relative potency of

PHHs in rats is similar to that in double-crested cormorants.

That is, the rank order of PHH potency'may be the same in both

of these species, even though the absolute potency of species

sensitivity may differ. This would be expected in the case

of a receptor-based mode of action in which the receptor is

phylogenetically conserved (18).

We have demonstrated a dose-response relationship

between PCBs as measured by the H4IIE bioassay and egg

mortality in double-crested cormorants in the Great Lakes.
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Probit analysis of the data estimates an ED,50 = 1007 pg TCDD-

EQ/g (confidence interval 495 - 2048 pg/g). This is above the

values seen in this study, and the ecological significance is

not completely understood. Currently the populations of

double-crested cormorants in the Great Lakes are experiencing

a large increase and PCB residues have declined (19). The

amount of egg mortality attributable to PCBs does not appear

to be sufficient to decrease cormorant populations in the

Great Lakes. 1However, it does suggest that PCBs are eliciting

effects at the organismal level and that similar effects could

occur in other species at the top of the aquatic food chain.
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SUMMARY

The studies conducted on the characterization of the

H4IIE bioassay have demonstrated that this ingyigzg technique

can be useful in the assessment of complex mixtures of PHHs.

It is a rapid, cost-efficient screening tool for PHHs in

environmental extracts. The H4IIE bioassay has excellent

precision, is compatable with a variety of extraction

protocols, and has reasonably good accuracy when tested with

fortified samples. It is a simple procedure which can

compliment chemical residue analysis and environmental effects

data in experiments designed to understand the possible

effects of PHHs in the environment. The experiments performed

here demonstrate that the H4IIE bioassay can help interpret

chemical residue analysis by acting as an integrator of PHH

effects at the cellular level. The overall potency of PHH

mixtures can be evaluated with this bioassay and compared in

relative terms with one another. The absolute toxic potency

of PHHs extracted from an organism may not be predicted with

this bioassay, and the experiments to understand this

relationship in most species have not been undertaken.

However, the results presented here suggest that the H4IIE

bioassay may indeed be predictive of toxic potency for one

species of waterbird, the double-crested cormorant. The

correlation between H4IIE-derived TCDD-EQ in double-crested

149
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cormorant eggs and egg mortality rates in the colony was

highly significant (p = 0.0003) and the predictive power of

this relationship was fairly robust (r = 0.84).

Complex mixtures of contaminants will continue to be a

problem facing environmental toxicologists and chemists. We

will need ways to assess complex mixtures in an attempt to

predict or understand potential effects which may be elicited

by these mixtures of contaminants. The H4IIE bioassay appears

to be such a tool for fast and efficient assessment of PHHs.

It is not being suggested that this bioassay is a panacea for

studying PHHs. Quite the contrary, its strength is as an

integrative, data reduction biomonitoring tool for use in

conjunction with residue analysis and environmental effects

data. The H4IIE bioassay has a firm molecular/biomolecular

basis which appears to be consistent across certain

phylogenetic lines. Validation of the H4IIE bioassay response

in rats, the similarity in PHH toxic symptoms across phyla,

and the successful use of the HeIIE bioassay in these studies

suggest that this system. may be useful for predicting

environmental effects in other species.

Exactly how useful the H4IIE bioassay will be in the

future is dependent on the results of the various

characterization studies of this bioassay. Clearly, more work

is needed in this area to calibrate the H4IIE bioassay and

answer the critical questions. Is the rank order of potency

of various PHHs similar among phyla? Does the H4IIE bioassay
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successfully integrate the response of complex PHH mixtures

in a predictive manner? Is the acute potency of PHH mixtures,

which is predicted by this bioassay, equivalent to the chronic

potency of the same PHH mixtures? Studies designed around

these questions are crucial to the development of the H4IIE

bioassay as a predictive biomonitoring tool.

Further studies with the H4IIE bioassay should include:

1)

2)

3)

Comparison of the H4IIE bioassay response to simple

2 or 3 component PHH mixtures with the toxicity

information from the literature on those mixtures

in 1119. The ratios of the PHHs appears to be

important in relation to synergistic, antagonistic,

or additive responses. This will help understand

if the responses of the H4IIE cells mimic the 19

2129 responses.

Calibrate the H4IIE bioassay to other species in

terms of their structure-activity relationships of

the PHHs. If the same QSARs hold true among

species, the use of this rat cell line to predict

effects in the other species may be justified.

Comparisons of the H4IIE bioassay with chemical

residue analysis to further elucidate

enrichment/dilution phenomenon in biota and

sediments on both a trophic and temporal basis.

These comparisons may also be aided by the use of

pattern recognition techniques to group similar PHH
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patterns and determine which contribute to toxicity

or modulate it.

Selective chemical additions and/or deletions to

environmental and synthetic PHH mixtures for

bioassay scanning. These experiments would also

lead to a better understanding of the compounds

controlling or modulating PHH toxicity.

Additionally, a partitioning and testing of various

fractions in an extraction protocol could identify

groups within PHHs that are more important based

on the H4IIE bioassay potency (i.e. PCDDs vs.

PCBs). These studies could also be informative

about overall synergistic, antagonistic, or

additive responses.
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