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Abstract: Using recombinant cell lines showing Ah receptor-controlled expression of a luciferase 
reporter gene, the interaction of di-ortho-substituted polychlorinated biphenyls (PCBs) with Ah 
receptor agonists was studied. In the recombinant Hepa1c1c7 mouse hepatoma (H1L1.1c7) cells 
strong antagonistic interaction of 2,2',5,5'-tetrachlorobiphenyl (PCB52) with luciferase expression 
induced by 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) or 3,3',4,4'-tetrachlorobiphenyl (PCB77) 
was observed, and similarly, between 2,2',3,3',4,4'-hexachlorobiphenyl (PCB128) and PCB77. 
Accordingly, PCB52 was found to inhibit ethoxyresorufin-O-deethylase (EROD) induction by 
PCB77 in wild-type Hepa1c1c7 cells. In contrast, the antagonistic effect of PCB52 on TCDD-
induced luciferase expression was only minor in recombinant guinea pig GPC16 colon 
adenocarcinoma (G16L1.1c8) and human HepG2 hepatoma (HG2L1.1c3) cells, and intermediate 
in recombinant H4IIE rat hepatoma (H4L1.1c4) cells. Gel retardation studies using a 32P-labelled 
dioxin responsive element (DRE)-containing oligonudeotide, and ligand binding studies using 
3H!TCDD, demonstrated that the species-specific antagonistic activity of PCB52 on Ah receptor-
controlled luciferase expression is due to inhibition of Ah receptor ligand and DNA binding. We 
conclude, that Ah-mediated luciferase expression provides a useful tool to study the species 
specificity of Ah receptor (ant)agonists. 
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Abstract: Cytochrome P4501A-induced activity of 20 selected polychlorinated biphenyls (PCBs) 
was evaluated by measuring ethoxyresorufin-O-deethylase and methoxyresorufin-O-demethylase 
activities induced in the hepatocytes of cynomolgus monkeys, male castrated pigs, and chicken 
embryos. Quantitative structure-activity relationships have been established, including 52 
physicochemical parameters and different measures of the dose-response curves. Relative effect 
potencies are predicted for the 154 tetrato hepta- PCBs and reported for the most potent 
congeners according to both EC50 and maximal response values. Important physicochemical 
parameters of the PCBs as related to the modeled activity are parts of their ultraviolet absorption 
spectra, the Henry's law constant, the ionization potential, and the octanol- water partition 
coefficient. Interspecies differences were found in terms of varied sensitivity to different structural 
subgroups of the compounds. The chicken hepatocyte assay showed the most specific structure-
activity relationship, with high activity for the non-ortho PCBs, whereas the pig hepatocytes 



responded even for some di- to tetra-ortho PCBs. An interspecies response, the principal 
induction potency, is presented for the 41 most potent PCBs. These responses showed strong 
correlation with the toxic equivalency factors and are likely to be useful in risk assessment of the 
compounds. [Journal Article; 43 Refs; In English; Summary in English] 
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Abstract: To assess the effects of polychlorinated biphenyls (PCBs) on reproduction, female 
Fundulus heteroclitus were exposed to a mixture of non- ortho- and mono-ortho-PCBs, mimicking 
the mixture found in fish collected from New Bedford Harbor, Massachusetts, USA, a PCB-
contaminated estuary. Exposure was by intraperitoneal injection of the mixture dissolved in corn 
oil. Doses of 0.76, 3.8, and 19 [mu]g PCB mixture per gram of wet weight produced liver 
concentrations of 2.99, 12.2, and 32.8 [mu]g nonortho- and mono- ortho-PCBs per gram of dry 
liver, with dioxin toxic equivalency concentrations (TEQs) of 0.063, 0.409, and 0.720 ng/g, 
respectively. Female mortality was 58%, and egg production was reduced by 77% at the highest 
dose, compared to controls. Food consumption declined with increasing PCB concentration, 
suggesting that PCBs act indirectly to reduce fecundity through an energetic effect. Pituitary 
gonadotropin content appeared to be suppressed at the highest dose, but the ability of ovarian 
follicles to produce estradiol and testosterone in vitro was not impaired. Significant residue-effects 
linkages were found, with TEQ emerging as a potential indicator of adverse effects. Mortality was 
directly related, and egg production was inversely related to log10TEQ. Multiple regression 
analysis indicated that egg production was directly related to pituitary gonadotropin content and 
food consumption. 
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Abstract: Literature reports suggest that polychlorinated biphenyls (PCBs) may alter 
dopaminergic neurotransmission in mammalian forebrain. In vitro, PCBs can decrease dopamine 
levels in PC 12 cells and studies of the structure-activity relationship (SAR) indicate that ortho-
substituted (non-coplanar) PCB congeners are more active than para-substituted (coplanar) 
congeners. This report tested the hypothesis that ortho-substituted PCBs can selectively (vs 
para-substituted congeners) decrease dopamine synthesis in mammalian forebrain by inhibiting 
the activity of tyrosine hydroxylase, the rate-limiting enzyme in dopamine biosynthesis. In vitro 
effects of individual PCB congeners on activity of striatal tyrosine hydroxylase from two different 
rat strains were assessed. It was found that certain ortho-substituted PCB congeners (e.g., 2,2'-
DCB) can inhibit tyrosine hydroxylase activity and dopamine synthesis by nearly 40% in minces 
of corpus striatum prepared from Sprague-Dawley and Long-Evans hooded rats. Comparatively, 
the ortho,meta-substituted PCB congener 2,2',5,5'-TeCB inhibited tyrosine hydroxylase activity 
only in striatal minces obtained from Sprague-Dawley rats, suggesting that genetic factors may 
influence the susceptibility of mammals to effects of PCBs that compromise brain dopamine 
synthesis. The PCB-induced inhibition of tyrosine hydroxylase activity in mammalian forebrain 
observed here appears to occur through indirect and as yet unknown mechanisms. [Journal 
Article; 28 Refs; In English; Summary in English] 
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Abstract: The effects of structure on the estrogenicity and antiestrogenicity of hydroxylated 
polychlorinated biphenyls were investigated using the following estrogen-sensitive assays: 
competitive binding to the rat and mouse cytosolic estrogen receptor (ER); immature rat and 
mouse uterine wet weight, peroxidase and progesterone receptor (PR) levels; induction of 
luciferase activity in HeLa cells stably transfected with a Gal4:human ER chimera and a 17mer-
regulated luciferase reporter gene; proliferation of MCF-7 human breast cancer cells; induction of 
chloramphenicol acetyl transferase (CAT) activity in MCF-7 cells transiently transfected with a 
full-length human ER expression plasmid and a plasmid containing an estrogen-responsive 
vitellogenin A2 promoter linked to a CAT reporter gene. The chemicals synthesized for this study 
contained a 4-hydroxy group in one ring, a 2- or 3-chloro substituent meta or ortho to the hydroxyl 
group, and variable substitution (2',3',4',5'-, 2',3',4',6'-, 2',3',5',6'-tetrachloro and 2',4',6'-trichloro) in 
the chloro phenyl ring. The compounds included: 2,2',3',4',5'- (A), 2,2',3',4',6'- (B), and 2,2',3',5',6'-
pentachloro- (C); 2,2',4',6'-tetrachloro-4-biphenylol (D); 2',3,3',4',5'- (E), 2',3,3',4',6'- (F), and 
2',3,3',5',6'-pentachloro (G); and 2',3,4',6'-tetrachloro-4-biphenylol (H). With the exception of 
2',3,4',6'-tetrachloro-4-biphenylol (H), all of the compounds competitively bound to the mouse and 



rat ER with relative binding amnities compared to 17[beta]-estradiol (E2)! varying from 1.4 X 10-3 
to 5.3 x 10-5. The structure-ER binding relationships for the hydroxy-PCB congeners were 
different in the rat and mouse, and no dose-dependent estrogenic activities were observed in the 
mouse or rat uterus. Several hydroxy-PCB congeners exhibited antiestrogenic activity (primarily 
in the mouse uterus) and two compounds, 2,2',3',5',6- and 2,2',3',4',6'-pentachloro-4-biphenylol, 
inhibited E2-induced uterine wet weight, PR binding, and peroxidase activity in the mouse uterus. 
2,2',3',4',5'- and 2,2',3',4',6'-Pentachloro-4-biphenylol induced CAT activity in MCF-7 cells 
transiently transfected with the Vit-CAT plasmid; the remaining congeners did not induce CAT 
activity but exhibited antiestrogenic activity in MCF-7 cells cotreated with 10-9 E2 plus 10-5 M 
hydroxy-PCBs. Complementary structure-estrogenicity relationships were observed utilizing the 
HeLa cell luciferase induction and MCF-7 cell proliferation assays. The placement of the 2-or 3-
chloro groups in the phenolic ring had minimal effects on estrogenic activity, whereas 2,4,6-
trichloro- and 2,3,4,6-tetrachloro substitution in the chlorophenyl ring (B, D, F, and H) were 
required for this response. Substitution in the phenolic ring was also not important for structure-
antiestrogenicity relationships, and the most active compounds (A, C, E, and G) contained 
2',3',4',5'- and 2',3',5',6'-tetrachlorophenyl groups. Thus, structure-estrogenicity antiestrogenicity 
relationships for this series of hydroxy-PCBs were complex and response-specific. 
Notes: TY  - JOUR 
 
 
Reference Type : Journal Article 
Record Number: 938 
Author: Corrigan, F.M.; Murray, L.; Wyatt, C.L.; Shore, R.F. UR  - 
http://www.sciencedirect.com/science/article/B6T1G-3T16KXT-
40D/1/f7a27d8fca7ff122a049371b75268858 
Year: 1998 
Title: Diorthosubstituted polychlorinated biphenyls in caudate nucleus in Parkinson's disease 
Journal: Experimental Neurology 
Volume: 150 
Issue: 2 
Pages: 339-342 
Abstract: As it had previously been demonstrated that there were reduced brain dopamine 
concentrations in monkeys who had been given polychlorinated biphenyls (PCBs) chronically, we 
hypothesized that organochlorine compounds in general, and PCBs in particular, might be 
important in the pathogenesis of Parkinson's disease (PD). In a study of caudate nucleus 
obtained post mortem from patients with Parkinson's disease and from controls, there were 
significantly higher concentrations of the organochlorine insecticide dieldrin and the PCB 
congener 153 in the PD tissue. DDE, PCB congener 180, and total PCBs (matched with a 
commercial preparation) also tended to be higher in Parkinson's disease tissue. We think that this 
is important preliminary evidence that diorthosubstituted PCBs may contribute to the 
pathogenesis of Parkinson's disease, and a greater presence of organochlorine insecticides in 
the PD tissue suggests that this may be in part the explanation for the association between PD 
and rural living. 
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Abstract: The objective of the present study was to investigate whether neonatal exposure to 
single PCB (polychlorinated biphenyl) congeners 2,4,4'-trichlorobiphenyl (IUPAC 28), 2,2',5,5'-
tetrachlorobiphenyl (IUPAC 52), 2,3',4,4',5-pentachlorobiphenyl (IUPAC 118) and 2,3,3',4,4',5-
hexachlorobiphenyl (IUPAC 156) when given as one single dose (0.7-14 [mu]mol/kg body weight 
per os) to 10-day-old male NMRI mice could induce persistent neurotoxic effects in the adult 
animal. Furthermore, to ascertain whether behavioural aberrations, both in spontaneous 
behaviour and in learning and memory function, were followed by changes in the cholinergic 
and/or the dopaminergic system. It was found that neonatal exposure to lightly chlorinated ortho-
substituted PCBs, 2,4,4'-tri- and 2,2',5,5'-tetrachlorobiphenyls, can induce persistent aberrations 
in spontaneous behaviour. Neonatal exposure to 2,2',5,5'-tetrachlorobiphenyl also affected 
learning and memory functions in the adult animal. In the animals showing a deficit in memory 
and learning function, the cholinergic nicotinic receptors in the cerebral cortex were affected. 
Exposure to 2,3',4,4',5-penta- and 2,3,3',4,4',5-hexachlorobiphenyl, mono-ortho congeners ('co-
planar-like'), in the same dose range did not cause any significant change in the investigated 
behavioural variables, spontaneous and swim-maze behaviour. 
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Abstract: The objective of the present study was to investigate whether neonatal exposure to 
single PCB congeners 3,3',4,4',5-pentachlorobiphenyl (IUPAC 126) (co-planar) and 2,3,3',4,4'-
pentachlorobiphenyl (IUPAC 105) (mono-ortho 'co-planar like') when given as one single dose 
(0.14-14 [mu]mol/kg body weight per os) to 10 day old male NMRI mice could induce neurotoxic 
effects in the adult animal, as earlier seen for some ortho-substituted PCBs. Furthermore, to 
ascertain whether behavioural aberrations, both in spontaneous behaviour and in learning and 
memory function, were followed by changes in the cholinergic and/or the dopaminergic system, 
and whether behavioural changes could worsen with age. It was found that neonatal exposure to 
3,3',4,4',5-pentachlorobiphenyl can induce persistent aberrations in spontaneous behaviour and 
that this derangement can grow worse with age. Furthermore, this exposure affected also 
learning and memory functions in the adult animal and in the animals showing this deficit, the 
cholinergic nicotinic receptors in the hippocampus were affected. Exposure to 2,3,3',4,4'-
pentachlorobiphenyl, at the same dose or higher, did not cause any significant change in the 
investigated behavioural variables, spontaneous and swim-maze behaviour. 
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cholinergic transmitter system at adult age 
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Volume: 1 
Issue: 3 
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Abstract: Polychlorinated biphenyls (PCBs) constitute a large category of chlorinated 
hydrocarbons that can have developmental neurotoxic effects. We have recently reported that 
neonatal exposure to a lightly chlorinated ortho-substituted PCB, 2,2',5,5'-tetrachlorobiphenyl, can 
induce persistent aberrations in spontaneous behaviour and also affect learning and memory 
functions in the adult animal. Furthermore, in the adult animal the cholinergic nicotinic receptors 
in cerebral cortex were affected. The present study presents further evidence that the developing 
cholinergic system can be sensitive to lightly chlorinated ortho-substituted PCBs. Neonatal 
exposure of male NMRI mice on postnatal day 10 to 2,2',5,5'-tetrachlorobiphenyl (4.1 mg/kg body 
weight, per os) was shown to alter the response to a cholinergic agent, nicotine, at an adult age 
of 4 months, but not to d-amphetamine, an agent known to affect the dopaminergic system. 
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Abstract: Research into the mechanism of toxicity of PCBs has focused on the Ah receptor. 
However, it is becoming increasingly clear that certain ortho- chlorine-substituted, non-coplanar 
PCB congeners having low affinity for the Ah receptor exhibit important biological activities. 
Actions of non-coplanar PCB congeners in a variety of biological systems have been discovered 
and the mechanisms for these effects are being elucidated. The objectives of this symposium are 
to examine the state of knowledge concerning the mechanisms of toxic action of non-coplanar 
PCBs and to identify similarities and differences using a variety of biological systems. Effects to 
be considered will include: neurotoxicity, estrogenicity, insulin release, neutrophil function, 
calcium regulation, and relevant signal transduction systems. Finally, the symposium addresses 
the need to consider non-coplanar congeners within the context of risk assessment. The use of 
Ah-receptor binding and its associated biological effects to assess the total toxicity of PCBs may 
no longer be defensible because of the actions produced by non-coplanar congeners. This 
symposium provides documentation for that conclusion and focuses attention on emerging 
mechanisms of PCB action that have received relatively little attention to date. The topics 
presented should be of interest to toxicologists interested in mechanisms of action, in PCB risk 
assessment, and in regulatory toxicology. [Journal Conference Paper; 76 Refs; In English; 
Summary in English] 
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trout (Oncorhynchus mykiss) 
Journal: Journal of Toxicology and Environmental Health 
Volume: 53 
Issue: 4 
Pages: 313-325 
Abstract: Di-ortho polychlorinated biphenyls (PCBs) are prominent environmental contaminants 
and their biological activity in fish may be more significant than previously thought. Four weeks 
after intraperitoneal (ip) injection with 50 or 250 [mu]g 2,2,4,4,5,5'-hexachlorobiphenyl (2HxCB)/g 
fish, rainbow trout livers were removed and frozen at -80[Degrees]C or microsomes were 
prepared. Microsomal ethoxyresorufin O-deethylase (EROD) activity was approximately one and 
two orders of magnitude greater than controls in fish treated with 50 and 250 [mu]g 2HxCB/g fish, 
respectively. Cytochrome P4501A (CYP1A) Western immunoblot relative optical density 
increased with 2HxCB dose. Hepatic CYP1A1 mRNA levels were approximately threefold greater 
in fish treated with 250 [mu]g 2HxCB/g fish than in controls, while hepatic CYP1A1 mRNA levels 
in fish treated with 50 [mu]g 2HxCB/g fish were not significantly induced. There was no increase 
of CYP1A3 mRNA in 2HxCB-treated fish. The study showed 2HxCB induced hepatic EROD 
activity, CYPIA protein, and CYP1A1 mRNA content in rainbow trout. 
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Abstract: Polychlorinated biphenyls (PCBs) are persistent, bioaccumulative and toxic 
contaminants in the environment. Individual PCB congeners exhibit different physico-chemical 
properties and biological activities which result in different environmental distributions and toxicity 
profiles. The variable composition of PCB residues in environmental matrices and their different 
mechanisms of toxicity, complicate the development of scientifically based regulations for the risk 
assessment. Various approaches for the assessment of risks of PCBs have been critically 
examined. Recent developments in the toxic equivalency factor (TEF) approach for the 
assessment of toxic effects due to dioxin-like PCBs have been examined. PCB exposure studies 
which describe non-dioxin-like toxic effects, particularly neuro-behavioral effects and their 
effective doses in animals were also considered. A comparative assessment of effective doses 
for dioxin-like and non-dioxin-like effects by PCBs was made to evaluate the relative significance 
of non-ortho and ortho-substituted PCBs in risk assessment. Using mink as an example, relative 
merits and implications of using TEFand total PCB approaches for assessing the potential for 
toxic effects in wildlife was examined. [Journal Conference Paper; 11 Refs; In English; Summary 
in English] 
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Implications For Risk Assessment 
Journal: Critical Reviews in Toxicology 
Volume: 28 
Issue: 6 
Pages: 511-569 
Abstract: Polychlorinated biphenyls (PCBs) are persistent, bioaccumulative, and toxic 
contaminants in the environment. Individual PCB congeners exhibit different physicochemical 
properties and biological activities that result in different environmental distributions and toxicity 
profiles. The variable composition of PCB residues in environmental matrices and their different 
mechanisms of toxicity complicate the development of scientifically based regulations for the risk 
assessment. In this article various approaches for the assessment of risks of PCBs have been 
critically examined. Recent developments in the toxic equivalency factor (TEF) approach for the 
assessment of toxic effects due to dioxin-like PCBs have been examined. PCB exposure studies 
that describe non-dioxin-like toxic effects, particularly neurobehavioral effects and their effective 
doses in animals were compiled. A comparative assessment of effective doses for dioxin-like and 
non-dioxin-like effects by PCBs has been made to evaluate the relative significance of non-ortho-
and ortho-substituted PCBs in risk assessment. Using mink as an example, relative merits and 
implications of using TEF and total PCB approaches for assessing the potential for toxic effects in 
wildlife was examined. There are several advantages and limitations associated with each 
method used for PCB risk assessment. Toxic effects due to coplanar PCBs occur at relatively 
smaller concentrations than those due to non-dioxin-like PCBs and therefore the TEF approach 
derives the risk assessment of PCBs, in the environment. The need for the refinement of TEF 
approach for more accurate assessment of risks is discussed. 
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Abstract: Interactive effects between the non-ortho-substituted 3,3', 4,4',5- pentachlorobiphenyl 
(PCB126), the mono-ortho-substituted 2,3,3',4,4'- pentachlorobiphenyl (PCB105), and the 
diortho-substituted 2,2',4,4',5,5'- hexachlorobiphenyl (PCB153) were studied in an 
initiation/promotion bioassay. Female Sprague-Dawley rats were injected with 30 mg/kg ip of N-
nitroso- diethylamine 24 h after partial hepatectomy. Five weeks later, weekly sc administrations 
of the three PCBs in 15 systematically selected dose combinations started. After 20 weeks of 
administration, the animals were killed and the livers were analyzed for areas expressing 
placental glutathione-S-transferase as a marker of preneoplastic foci. In addition, concentration of 
liver and kidney retinoids and plasma retinol was analyzed, as well as body and organ weights, 
plasma transaminases, and induction of hepatic cytochrome P450 1A1/2 (CYP1A1/2) and 
CYP2B1/2 activities. Data were analyzed with a multivariate method. At the doses applied in this 
study, weak antagoninism was observed between PCB126 and PCB153 for effects on volume 
fraction of foci, number of foci/cm3, concentration of plasma retinol and liver retinoids, relative 
liver weight, and induction of CYP2B1/2 activity. Weak antagonism was also observed between 
PCB126 and PCB105 for effects on volume fraction of foci, number of foci/cm3, and plasma 
retinol concentration. No interactions other than pure additivity were observed between PCB105 
and PCB153. Synergism was not observed within the dose ranges investigated in this study. 
Knowledge of interactive effects is important for risk assessment of environmental mixtures of 



dioxin-like compounds. Antagonism between congeners generally results in risk assessments 
that overestimate human risk. The significance to human risk assessment of relatively weak 
antagonism observed-in this study is however unclear, considering many other uncertainties 
involved in the toxic equivalency factor (TEF) concept. A change of the TEF concept for risk 
assessments of dioxin- like substances is not motivated based on the results of this study. 
[Journal Article; 64 Refs; In English; Summary in English] 
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Journal: Acta Paediatrica, International Journal of Paediatrics, Supplement 
Volume: 88 
Issue: 429 
Pages: 55-63 
Abstract: Polychlorinated biphenyls (PCBs) are widespread environmental contaminants that are 
also present in human tissues and breast milk. Behavioural disturbances have been reported in 
both children and animals exposed perinatally to PCBs. The present study assessed the 
behavioural consequences in female rats of postnatal exposure to the di-ortho-substituted 
2,2',4,4',5,5'-hexachlorobiphenyl (IUPAC no. 153), which is one of the PCB congeners most 
frequently detected in human milk. The different groups of mothers were dosed via gavage with 5 
mg/kg bodyweight of PCB 153 in corn oil or 5 ml/kg bodyweight corn oil vehicle every second day 
from day 3 to day 13 after delivery. The exposure did not affect the bodyweight of the dams nor 
the physical development of the pups. Operant behavioural testing of the female offspring by two 
different schedules of reinforcement was performed. First, the animals were tested by a multiple 
schedule with two components: fixed interval (FI) and extinction (EXT), which has probed 
sensitive in revealing changes in activity level. There were no statistically significant differences in 
frequency or interresponse times of lever pressing between the PCB-exposed female rats and the 
controls. These results were in contrast to a previous, analogous study where PCB 153 produced 
an increased frequency of lever presses during the FI in male rats, indicating a sex-specific 
behavioural effect of PCB 153. The female offspring was also tested by a conjunctive schedule 
with two components: variable interval (VI) and differential reinforcement of low rate (DRL). This 
schedule revealed slower acquisition of time discrimination in the PCB 153-exposed females as 
compared with the controls. The VI-DRL results showed that PCB 153 may also produce long-
lasting behavioural effects in female rats following postnatal exposure through the mother's milk. 
[Journal Article; 39 Refs; In English; Summary in English] 
Notes: TY  - JOUR 
 
 
Reference Type : Journal Article 
Record Number: 1597 
Author: Holene, E.; Nafstad, I.; Skaare, J. U.; Sagvolden, T. UR  - 
http://www.sciencedirect.com/science/article/B6TCR-41MJ3FS-
6R/1/0bac16fa23bcbeb60d9515a71974e5e1 
Year: 1995 
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Journal: Toxicology Letters 
Volume: 78 
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Pages: 40-41 
Abstract: Previous studies in our laboratory showed that pre- and postnatal exposure to PCB 
congeners 118 and 126 produced impaired discrimination learning and hyperactive behaviour in 
rats. In the present study, rats were exposed through mother's milk either to the coplanar 
congener 126 or the di-ortho-substituted congener 153. The mothers had been exposed to 5 
mg/kg b.w. 153 or 2 [mu]g/kg b.w. 126 every second day from lactation day 3 to day 13. The 
offspring was tested in operant chambers by a multiple Fixed Interval Extinction schedule of 
reinforcement (mult-FI EXT) from weaning to the age of 109 days. The most striking effect of the 
PCB exposure occurred during the fixed interval part of the test program. Both PCB groups 
pressed the levers more frequent than the control rats. In addition, the PCB 153 group showed a 
behavioural pattern similar to spontaneous hyperactive rats (SHR), characterized by the 
production of a cluster of lever presses with short inter-response times (IRT) just before a new 
reinforcer was given. These results indicate that postnatal exposure of certain PCB congeners 
may produce irreversible neurotoxic effects in rats. 
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Title: Behavioural hyperactivity in rats following postnatal exposure to sub-toxic doses of 
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Journal: Behavioural Brain Research 
Volume: 94 
Issue: 1 
Pages: 213-224 
Abstract: Rats were exposed through mother's milk either to the di-ortho-substituted 
polychlorinated biphenyl (PCB) congener 2,2',4,4',5,5'-CB (IUPAC no. 153) or to the non-ortho-
substituted PCB congener 3,3',4,4',5-CB (IUPAC no. 126). The different groups of mothers were 
dosed via gavage with corn oil vehicle, 5 mg/kg b.w. of PCB 153 or 2 [mu]g/kg b.w. of PCB 126 
every second day from day 3 to 13 after delivery. The exposure did not affect the body weight 
(b.w.) of the dams or the physical development of the pups. A two-component schedule of 
reinforcement was used to study behavioural effects of the PCB exposures in male offspring. One 
component was operating when the house light was turned on. Then a reinforcer, a drop of water, 
was delivered every 2-min. This component is called a 2-min fixed interval (FI) schedule of 
reinforcement. The other component was in effect when the house light was turned off. Then no 
reinforcer was ever delivered. This is called an extinction (EXT) component. It was shown that the 
PCB-exposed offspring were hyperactive as they had an increased frequency of lever presses. In 
addition, the PCB 153-exposed male pups showed a behavioural pattern similar to that observed 
in spontaneously hypertensive rats (SHR), an animal model of attention-deficit hyperactivity 
disorder (ADHD). This behaviour is characterized by 'burst' of lever presses with short 
interresponse times (IRT) just before the next reinforcer is given. These results show that both 
PCBs 153 and 126 may produce significant neurotoxic effects following postnatal exposure 
through mother's milk. 
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Title: Toxic potential of non-ortho and mono-ortho coplanar polychlorinated biphenyls in 
Aroclors(TM), seals, and humans 
Journal: Archives of Environmental Contamination and Toxicology 
Volume: 25 
Issue: 1 
Pages: 118-123 
Abstract: Mono-ortho and non-ortho coplanar polychlorinated biphenyls (PCBs) were analyzed in 
Aroclors(TM), seals, and humans by graphitized carbon, a recently developed HPLC method 
(Hong et al. 1992b) and high-resolution gas chromatography with electron capture detection 
(HRGC/ECD). The concentration data were multiplied by potency factors derived from aryl 
hydrocarbon hydroxylase (AHH) induction to give 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) 
equivalents. The ability to separate coplanar PCBs from the majority of PCBs has allowed the use 
of TCDD toxicity equivalence to compare the relative dioxin-like potency of PCB residues in the 
complex mixtures. The most active mixtures, Aroclors(TM) 1254, 1248, and 1242, contained 42-
54% by weight of chlorine. The results demonstrate that the apparent dioxin-like potency of PCB 
residues in Aroclors(TM), seals, and humans is dominated by three congeners, 3,3',4,4'-tetra-, 
2,3,3',4,4'-, and 3,3',4,4',5- pentachlorobiphenyl (IUPAC nos. 77, 105, 126). 
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Volume: 7 
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Abstract: P450 reporter gene system (RGS) utilizes a human hepatoma cell line stably 
transfected with a plasmid containing firefly luciferase linked to human CYP1A1 promoter 
sequences. Luciferase expression in these cells is used to detect and quantify compounds that 
activate the Ah receptor (AhR) and induce CYP1A1. In this study, concentration-response curves 
were used to determine the relative potencies and calculate induction equivalency factors (IEFs) 
for non-ortho and mono-ortho coplanar PCBs and high-molecular weight PAHs. Relative 
potencies of PCBs were: 3,4,4',5-TetraCB (81)>3,3',4,4',5-PentaCB (126)>3,3',4,4'-TetraCB 
(77)~2,3,4,4',5-PentaCB (114)>2,3',4,4',5-PentaCB (118)~2',3,4,4',5-PentaCB 
(123)>3,3',4,4',5,5'-HexaCB (169). In addition, two other mono-ortho congeners, 2,3,3',4,4'-
PentaCB (105) and 2,3,3',4,4',5-HexaCB (156), did not induce luciferase in these cells. Relative 
potencies of the PAHs were: 
benzok!fluoranthene>dibenza,h!anthracene>benzob!fluoranthene~indeno1,2,3-
cd!pyrene>benzoa!pyrene>chrysene~benzoa!anthracene>benzog,h,i!perylene. Relative 
potencies of PAHs are similar to those of PCBs. Copyright (C) 1999 Elsevier Science B.V. 
[Journal Article; 39 Refs; In English; Summary in English] 
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Journal: Environmental Toxicology and Pharmacology 
Volume: 3 
Issue: 2 
Pages: 137-144 
Abstract: The effects of eleven 3-methylsulfonyl (3-MeSO2)-metabolites of polychlorinated 
biphenyl (PCB) congeners (which were reported to remain in Swedish mother's milk and 
Japanese Yusho patient's tissues) and their two structurally similar 3-MeSO2-PCBs on the 
hepatic drug-metabolizing enzyme activities were compared with those of phenobarbital (PB) and 
3-methylcholanthrene (3-MC).The induction profile of the drug-metabolizing enzymes, CYP2B1 
and CYP2B2 in the hepatic microsomes of rats treated with nine 3-MeSO2 derivatives, namely 3-
MeSO2-2,4',5-trichlorobiphenyl, 3-MeSO2-2,2',4',5-tetrachlorobiphenyl (3-MeSO2-2,2',4',5-
tetraCB), 3-MeSO2-2,2',5,5'-tetraCB, 3-MeSO2-2,3',4',5-tetraCB, 3-MeSO2-2,2',3',4',5-
pentachlorobiphenyl (3-MeSO2-2,2',3',4',5-pentaCB), 3-MeSO2-2,2',4',5,5'-pentaCB, 3-MeSO2-
2,2',3',4',5,5'-hexachlorobiphenyl (3-MeSO2-2,2',3',4',5,5'-hexaCB), 3-MeSO2-2,2',3',4',5,6-
hexaCB and 3-MeSO2-2,2',4',5,5',6-hexaCB, was similar to that of rats treated with PB, but was 
different from that of rats treated with 3-MC. These findings indicate that 3-MeSO2 metabolites 
derived from nine PCBs are PB-type inducers of microsomal drug-metabolizing enzymes. The 
relative inducing potencies of 3-MeSO2 derivatives on the hepatic drug-metabolizing enzyme 
activities differed with the extent of chlorination and the positions of chlorine substituent on the 
phenyl rings. The results of present study show that the structure-CYP2B1/2 induction 
relationship exists for the 3-MeSO2 derivatives studied. The inducing abilities of 3-MeSO2-
2,2',4',5-tetraCB and 3-MeSO2-2,2',4',5,5'-pentaCB (2 [mu]mol/kg) on the content of cytochrome 
P450 were higher than those of 2,3',4,4',5-pentaCB (mono-ortho-substituted PCB) (80 
[mu]mol/kg), 3,3',4,4'-tetraCB (coplanar PCB) (80 [mu]mol/kg) and 3,3',4,4',5-pentaCB (coplanar 
PCB) (0.5 [mu]mol/kg). The inducing effects of the administration of 3-MeSO2-2,2',4',5-tetraCB 
and 3-MeSO2-2,2',4',5,5'-pentaCB at 2 [mu]mol/kg on the contents of total cytochrome P450, 
CYP2B1 and CYP2B2 corresponded to those of PB at 431 [mu]mol/kg twice at a 24 h interval. It 
is noticeable that 3-MeSO2-2,2',4',5-tetraCB and 3-MeSO2-2,2',4',5,5'-pentaCB have highly 
potent PB-type inducing activity on drug-metabolizing enzyme systems. 
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Abstract: We have explored the effects of PCBs on Ca2+-homeostasis and inositol phosphates 
in an attempt to understand cellular mechanism(s) for neurotoxicity of PCBs. The selected 
prototypic congeners have non-dioxin- like (2,2'-dichlorobiphenyl; 2,2'-DCB; IUPAC 4; 
orthosubstituted) and dioxin- like (3,3',4,4',5-pentachlorobiphenyl; 3,3',4,4',5-PeCB; IUPAC 126; 
non- ortho substituted) properties. The hypothesis is that some PCBs in vitro alter 
Ca2+homeostasis and interfere with intracellular second messengers. One of the consequences 
of this perturbation is protein kinase C (PKC) translocation, and these events could lead to 
cytotoxicity . Our results indicate that the non-dioxin like PCB (ortho-substituted one) is active in 
vitro and perturbed signal transduction mechanisms including Ca2+- homeostasis and PKC 
translocation. The effects were seen at relatively low concentrations (5-50 [mu]M), whereas 
higher concentrations (>200 [mu]M) were required to produce cytotoxicity. Results from SAR, in 
general, indicate that congeners with chlorine substitutions at ortho- position or low lateral 
substitutions (mostly meta-) are active in vitro where as non-ortho congeners are inactive. In 



summary, these results indicate that low lateral substitution (especially without parasubstitution 
that favor coplanarity) or high lateral content in the presence of ortho-substitution (to hinder 
coplanarity) may be the most critical structural requirement underlying the activity of PCB 
congeners in vitro. Additional experiments with polychlorinated diphenyl ethers (PCDEs) and their 
analogs, where coplanarity is difficult regardless of degree and pattern of chlorination, provided 
important information supporting our hypothesis that coplanarity plays a key role in the activity of 
PCBs in vitro. For example, a PCB congener with 3,3',4,4'-chlorine substitutions is not active 
whereas a PCDE with the same chlorine substitutions is active. Similarly, 4,4'-DCB is not active 
whereas PCDE with 4,4'-substitutions is active. One major structural difference in PCDE when 
compared to the corresponding PCB is non-coplanarity. The PCBs compared here are coplanar 
and not active, whereas PCDEs are non-coplanar and active in vitro in neuronal preparations. 
Molecular mechanics calculations and conformational searches confirmed the extent of 
coplanarity among PCBs and PCDEs. Non-ortho PCBs are more coplanar in nature when 
compared to ortho- PCBs and PCDEs. These results demonstrate that the extent of coplanarity of 
certain chlorinated aromatic hydrocarbons can affect their potency in vitro, and ortho-substitutions 
on the biphenyl, which increase non-coplanarity, are characteristic of the most active PCB 
congeners. [Journal Article; 111 Refs; In English; Summary in English] 
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Abstract: Polychlorinated biphenyls (PCBs) are persistent, bioaccumulative, toxic, and widely 
distributed environmental chemicals. There is now both epidemiological and experimental 
evidence that PCBs cause cognitive deficits; however, the underlying cellular or molecular 
mechanism(s) is not known. We have hypothesized that altered signal transduction/second 
messenger homeostasis by PCBs may be associated with these effects since second 
messengers in signal transduction pathways, such as calcium, inositol phosphates (IP), and 
protein kinase C (PKC), play key roles in neuronal development and their function. In vitro studies 
using cerebellar granule neurons and isolated organelle preparations indicate that ortho-PCBs 
increase intracellular free Ca2+ levels by inhibiting microsomal and mitochondrial Ca2+ buffering 
and the Ca2+ extrusion process. Ortho-PCBs also increase agonist-stimulated IP accumulation 
and cause PKC translocation at low micromolar concentrations where no cytotoxicity is observed. 
On the other hand, non-ortho-PCBs are not effective in altering these events. Further SAR 
studies indicate that congeners with chlorine substitutions favoring non-coplanarity are active in 
vitro, while congeners favoring coplanarity are relatively inactive. Subsequent in vivo studies have 
shown that repeated exposure to a PCB mixture, Aroclor 1254, increases PKC translocation and 
decreases Ca2+ buffering in the brain, similar to in vitro studies. These changes in vivo are 
associated with elevated levels of non-coplanar ortho-PCB congeners at levels equivalent to 40-
50 [mu]M in brain, the concentrations that significantly inhibited second messenger systems in 
neuronal cultures in vitro. Current research is focusing on PCB-induced alterations in second 
messenger systems following developmental exposure. [Journal Conference Paper; 46 Refs; In 
English; Summary in English] 
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Volume: 12 
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Abstract: This study was conducted to investigate the applicability of an in vitro technique for 
maturation, fertilization, cleavage, and growth to blastocysts of bovine oocytes to investigate 
reproductive toxicologic effects. During maturation, the oocytes were exposed to the di-ortho-
substituted PCB congener 2,2',4,4',5,5'-CB (PCB 153) in the three concentrations 0.84 ng/mL, 8.4 
ng/mL, and 84 ng/mL or to the non-ortho-substituted PCB congener 3,3'4,4',5- CB (PCB 126) in 
the three concentrations 1.006 pg/mL, 10.06 pg/mL, and 100.6 pg/mL and compared with control 
groups. PCB 153 had no effect on maturation but resulted in a reduced proportion of oocytes that 
cleaved at the highest concentration. There were no differences in blastocyst development 
among groups. PCB 126 resulted in a reduction in maturation percentage at the highest 
concentration and in blastocyst development at all concentrations. These results demonstrated 
adverse effects of PCB congeners on bovine oocytes and showed thai this system can be used to 
evaluate toxic effects on oocytes and preimplantation-stage embryos. [Journal Article; 29 Refs; In 
English; Summary in English] 
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Abstract: Studies have shown that polychlorinated biphenyls (PCB) may affect cognitive 
functions both in human and also in experimental animals. We have investigated whether this 
effect could be caused by an inhibition of the uptake of selected neurotransmitters into rat brain 
synaptosomes. Ortho-chlorinated biphenyls were found to inhibit transmitter transport into 
synaptosomes from rat brain. In contrast, several nonortho-chlorinated biphenyls did not inhibit 
uptake. The uptake of dopamine, glutamate, GABA and serotonin was inhibited by the PCB 
mixtures, Aroclor 1242 and 1254. Under identical condition, the uptake of dopamine was inhibited 
more efficient than that of glutamate. The inhibition of neurotransmitter uptake was found to be 
dependent on the chlorination patterns of the PCB congeners, (i) ortho-chlorinated PCBs with 
four to five chlorine substituents (with the exception of 2,2',6,6'-TeCB) were the most effective 
inhibitors; (ii) hexa- or heptachlorinated PCBs were poor inhibitors or partial inhibitors (e.g. 
2,2',4,4',5,5'-HCB) of glutamate and GABA uptake. Kinetic studies indicated that Aroclor 1242 
inhibited dopamine uptake mainly competitively. The uptake of glutamate and GABA was 
inhibited in either a mixed competitive or in a non-competitive way, respectively. The neurotoxic 
concequences of the effect of different PCBs on neurotransmitter uptake on the uptake into 
synaptosomes are discussed. 
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Abstract: Both increased and decreased gestation lengths have been reported following 
exposures to polychlorinated biphenyl (PCB) mixtures and congeners. Because oscillatory uterine 
contractions are essential for parturition, we hypothesized that the disparate findings on gestation 
length may be the result of distinct PCB congener-specific actions on oscillatory uterine 
contractions. This study examined the acute effects of PCB congeners on isometric contractions 
of isolated pregnant uteri and the structure-activity relationship for individual congeners. After 
cumulative exposure to individual PCB congeners (0.5 [mu]M to 150 [mu]M), oscillatory 
contractions were: 1) not altered by 2,4,5,2',4',5'-hexachlorobiphenyl, 3,4,5,3',4'-
pentachlorobiphenyl, or 3,4,3',4'-tetrachlorobiphenyl; 2) significantly inhibited by 4-hydroxy-
2',4',6'-trichlorobiphenyl; and 3) markedly increased by 2,4,6-trichlorobiphenyl and 2,4,2',4'-
tetrachlorobiphenyl, when compared to solvent controls. The uteri were more sensitive to PCB 
congeners with ortho-substituted light chlorination than those highly chlorinated, or those 
interacting with the Ah-receptor. 
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Abstract: To elucidate the global distribution and toxicological impacts of polychlorinated 
biphenyls (PCBs) on cetaceans, the present study determined the concentrations of individual 
PCB congeners, including toxic non-ortho (IU-PAC Nos. 77, 126, 169) and mono-ortho (IUPAC 
Nos. 105, 118, 156) coplanar congeners, in the blubber of 10 species of adult male odontocetes 
collected from several locations in the North Pacific Ocean and along coastal waters of Japan, 
Hong Kong, the Philippines, and India during 1985-1997. Total PCB concentrations in cetaceans 
from temperate and cold waters were higher than those in cetaceans from tropical regions. 
Residue levels were found to be the highest in Fraser's dolphins collected off Kii Peninsula, 
Japan, and hump-backed dolphins from Hong Kong, reflecting serious marine pollution by PCBs 
in industrialized Asian countries. Penta- and hexa-chlorobiphenyls were the predominant PCB 
congeners, accounting for about 70% of the total PCBs. 2,3,7,8-Tetrachlorodibenzo-p-dioxin 
equivalents (TEQs) of non- and mono-ortho coplanar PCBs in the blubber of cetaceans ranged 
from 36 (in spinner dolphins from the Philippines) to 510 pg/g wet weight (in hump-backed 
dolphins from Hong Kong). Toxic evaluation of coplanar PCBs using the TEQ concept indicates 
an greater impact on cetaceans from mid-latitudes. Toxicity contribution of mono-ortho congener 
IUPAC 118 was prominent in species from high latitude oceans, such as the Bering Sea and the 



North Pacific, whereas non-ortho congener IUPAC 126 accounted for the highest contribution in 
cetaceans from lower latitude regions, such as the Philippines and India. The estimated TEQ 
concentrations in the blubber of some cetacean species, such as northern right whale dolphin 
and Pacific white-sided dolphin from the northern North Pacific, Dall's porpoise from the Japan 
Sea, striped dolphin off Sanriku and Fraser's dolphin off Kii Peninsula, Japan, hump-backed 
dolphin and finless porpoise from Hong Kong, exceeded the levels associated with 
immunosuppression in harbour seals. [Journal Article; In English; Summary in English] 
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Abstract: In recent years, endocrine-disrupting activities by chemical emissions from combustion 
sources have generated considerable interest in the scientific community. Polychlorinated 
dibenzodioxins (PCDDs), dibenzofurans (PCDFs), and biphenyls (PCBs) emitted from 
combustion sources form a big group of extremely persistent and widely distributed toxic 
chemicals in the environment. Exposures to these chemicals occur through the food web. The 
residues of these chemicals have been detected in air, soil, sediment, fish, meat, dairy products, 
human adipose tissue, and mother's milk. The residues of PCBs and their metabolites are widely 
distributed in breast milk of mothers from industrial countries at concentrations that are about 
10,000 times greater than the total levels of PCDDs/PCDFs. Ortho-substituted nonplanar PCBs 
are the primary PCB congeners that tend of bioaccumulate more in human milk than coplanar 
PCBs. In general, these chemicals are characterized by their high lipophilicity and long 
elimination half-lives. Disruption of the normal homeostasis of the endocrine functions can result 
in developmental, reproductive, neurotoxic, carcinogenic, immunotoxic, and other adverse health 
effects. The mechanisms of endocrine disruptive actions of these chemicals are not well 
understood. It is not known as to whether these chemicals act directly as hormones or modify the 
endocrine systems by binding to endocrine receptor sites. Disruption of normal endocrine-
regulated functions by these chemicals represents an important consideration in risk assessment. 
An attempt has been made in this paper to examine direct or indirect impact of endocrine 
disrupting activities of ortho-substituted nonplanar PCBs and present a rationale for risk 
assessment. 
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Journal: Toxicology Letters 
Volume: 98 
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Abstract: It has been known that polychlorinated biphenyl (PCB) mixtures and individual 



congeners produce degranulation of rat neutrophils. Structure-activity relationships for congeners 
PCB 8 (2,4'-dichlorobiphenyl), PCB 126 (3,3',4,4',5-pentachlorobiphenyl) and PCB 128 
(2,2',3,3',4,4'-hexachlorobiphenyl) were examined by correlating the extent of degranulation and 
cytotoxicity with molecular and physico-chemical parameters. Neutrophils were exposed to PCB 
congeners and then to the neutrophil activator f-met-leu-phe (fmlp). Degranulation and 
cytotoxicity were quantified by measuring released myeloperoxidase and lactate dehydrogenase 
activities, respectively. Degranulation in the absence of fmlp, that is in quiescent neutrophils, was 
detected only for PCB 8. Inhibition of fmlp-induced degranulation was observed for both PCB 8 
(50 [mu]M) and PCB 128 (10 and 50 [mu]M). PCB 126 did not affect degranulation of quiescent 
or fmlp-stimulated neutrophils. Thus, effects on degranulation were observed only for ortho-
substituted congeners. Cytotoxicity was observed under all conditions with PCB 8, in quiescent 
neutrophils with PCB 128, and in activated neutrophils with PCB 126. Structure-activity 
relationships revealed that effects of PCBs on neutrophil degranulation correlate with the energy 
of the lowest unoccupied molecular orbital but not with torsional angle 2,1,1',2'. This study 
demonstrates the importance of molecular, electronic parameters in PCB-induced effects on 
neutrophil degranulation. Copyright (C) 1998 Elsevier Science Ireland Ltd. [Journal Article; 23 
Refs; In English; Summary in English] 
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Title: Inductive and inhibitory effects of non-ortho-substituted polychlorinated biphenyls on 
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Journal: Biochemical Pharmacology 
Volume: 58 
Issue: 1 
Pages: 29-38 
Abstract: The effects of a series of non-ortho-substituted polychlorinated biphenyls (PCBs) on 
human cytochrome P450 1A1 (CYP1A1), a 17[beta]-estradiol (E2) 2-hydroxylase, and P450 1B1 
(CYP1B1), an E2 4-hydroxylase, were investigated in HepG2 and MCF-7 cells. Elevated rates of 
2- and 4-methoxyestradiol (2- and 4-MeOE2) formation in PCB-treated cultures were measured 
as activities of CYP1A1 and CYP1B1, respectively. Of the congeners investigated, 3,4,4',5-
tetrachlorobiphenyl (PCB 81), 3,3',4,4',5-pentachlorobiphenyl (PCB 126), and 3,4',5-
trichlorobiphenyl (PCB 39) caused marked stimulation of E2 metabolism in both cell lines. 
Northern blot analyses confirmed that exposure of MCF-7 cells to PCBs 81, 126, and 39 caused 
highly elevated levels of the CYP1A1 and CYP1B1 mRNAs. Exposure of MCF-7 cells to 
3,3',4,4',5,5'-hexachlorobiphenyl (PCB 169) resulted in elevated levels of the CYP1A1 and 
CYP1B1 mRNAs, but did not cause elevated rates of E2 metabolism; rather, 4-MeOE2 
production was depressed to below control levels in PCB 169-treated cultures. PCB 169 also 
inhibited the 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)-induced 4-MeOE2 and, to a lesser 
extent, 2-MeOE2 production in MCF-7 cells, as did PCB 126 and several other congeners. In 
microsomal assays, inhibition of cDNA-expressed human CYP1B1 by PCBs 169 and 126 was 
demonstrated. These studies with one subgroup of PCBs, the non-ortho-substituted congeners, 
underscore the complexity and diversity of effects of PCBs, as individual congeners were found 
both to induce expression and to inhibit activity of human CYP1B1 and CYP1A1. Copyright (C) 
1999 Elsevier Science Inc. [Journal Article; 58 Refs; In English; Summary in English] 
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Title: LEVELS OF NON-ORTHO-SUBSITUTED (COPLANAR), MONO- AND DI-ORTHO-
SUBSTITUTED POLYCHLORINATED BIPHENYLS, DIBENZO-P-DIOXINS, AND 
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Abstract: We have measured non-ortho-substituted (coplanar) polychlorinated biphenyl (PCB) 
levels as well as polychlorinated dibenzo-p-dioxin (PCDD) and polychlorinated dibenzofuran 
(PCDF) levels in human adipose tissue and serum collected in Atlanta, Georgia. The results show 
that the concentrations of the coplanar PCBs can be more than an order of magnitude higher 
than the concentrations of 2,3,7,8-tetrachlorodibenzo-p-dioxin. Our measurements in pooled 
serum collected in 1982, 1988, and 1989 show a decrease in coplanar PCB levels from 1982 to 
1989. We found that the pattern of relative amounts of coplanar PCBs in adipose tissue varied 
greatly from person to person unlike the PCDD and PCDF patterns, which were more nearly the 
same. Age was significantly correlated with the concentrations of 2,3,7,8-TCDD,3,3'4'4'-PCB, 
3,3',4,4',5-PCB, and 3,3'4,4',5,5'-PCB in adipose tissue. We also measured levels of the mono- 
and di-ortho chlorine substituted PCBs in human serum. The levels for some of these PCB 
congeners were three orders of magnitude higher than the coplanar PCBs, PCDDs, and PCDFs. 
We used the international toxicity equivalency factors (TEFs) for PCDDs and PCDFs and the 
TEFs proposed by Safe for PCBs to calculate the 2,3,7,8-TCDD equivalents. Four PCBs 
(3,3',4,4'5-; 2,3',4,4',5-;2,3,3',4,4'-;2,3,3',4,4',5-)make a larger contribution than 2,3,7,8-TCDD, 
while four other PCBs (3,3',4,4,'5,5'-; 2,2',3,4,4',5'-; 2,2',4,4',5,5'-; 2,2',3,4,4',5,5'-) make nearly the 
same contribution as 2,3,7,8-TCDD, The mono-ortho-chlorine substituted 2,2',4,4',5-PCB, 
however, is the major contributor to the total 2,3,7,8-TCDD equivalents in general population 
samples from the United States, Sweden, and Japan. The PCDDs are the second most 
significant contributor in the US. samples, whereas the coplanar PCBs are the second most 
significant contributor in samples from Sweden and Japan. 
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Title: POLYCHLORINATED BIPHENYLS (PCBS): ENVIRONMENTAL IMPACT, BIOCHEMICAL 
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Volume: 24 
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Abstract: Commercial polychlorinated biphenyls (PCBs) and environmental extracts contain 
complex mixtures of congeners that can be unequivocally identified and quantitated. Some PCB 
mixtures elicit a spectrum of biochemical and toxic responses in humans and laboratory animals 
and many of these effects resemble those caused by 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) 
and related halogenated aromatic hydrocarbons, which act through the aryl hydrocarbon (Ah)-
receptor signal transduction pathway. Structure-activity relationships developed for PCB 
congeners and metabolites have demonstrated that several structural classes of compounds 
exhibit diverse biochemical and toxic responses. Structure-toxicity studies suggest that the 
coplanar PCBs, namely, 3,3',4,4'-tetrachlorobiphenyl (tetraCB), 3,3',4,4',5-pentaCB, 3,3',4,4',5,5'-
hexaCB, and their monoortho analogs are Ah-receptor agonists and contribute significantly to the 



toxicity of the PCB mixtures. Previous studies with TCDD and structurally related compounds 
have utilized a toxic equivalency factor (TEF) approach for the hazard and risk assessment of 
polychlorinated dibenzo-p-dioxin (PCDD) and polychlorinated dibenzofaran (PCDF) congeners in 
which the TCDD or toxic TEQ = [Sigma](PCDF(i) x TEF(i)!(n)) + [Sigma](PCDD(i) x TEF(i)!(n)) 
equivalent (TEQ) of a mixture is related to the TEFs and concentrations of the individual (i) 
congeners as indicated in the equation (note: n = the number of congeners). Based on the results 
of quantitative structure-activity studies, the following TEF values have been estimated by making 
use of the data available for the coplanar and monoortho coplanar PCBs: 3,3',4,4',5-pentaCB, 
0.1; 3,3',4,4',5,5'hexaCB, 0.05; 3,3'4,4'-tetraCB, 0.01; 2,3,3',4,4'-pentaCB, 0.001; 2,3'4,4',5-
pentaCB, 0.0001; 2,3,3'4,4',5-hexaCB, 0.0003; 2,3,3'4,4',5'-hexaCB, 0.0003; 2',3,4,4',5-pentaCB, 
0.00005; and 2,3,4,4',5-pentaCB, 0.0002. Application of the TEF approach for the risk 
assessment of PCBs must be used with considerable caution. Analysis of the results of laboratory 
animal and wildlife studies suggests that the predictive value of TEQs for PCBs may be both 
species- and response-dependent because both additive and nonadditive (antagonistic) 
interactions have been observed with PCB mixtures. In the latter case, the TEF approach would 
significantly overestimate the toxicity of a PCB mixture. Analysis of the rodent carcinogenicity 
data for Aroclor 1260 using the TEF approach suggests that this response is primarily Ah-
receptor-independent. Thus, risk assessment of PCB mixtures that uses cancer as the endpoint 
cannot solely utilize a TEF approach and requires more quantitative information on the individual 
congeners contributing to the tumor-promoter activity of PCB mixtures. 
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Volume: 26 
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Abstract: Spatial learning and memory was assessed in rats following gestational and lactational 
exposure to specific ortho-substituted PCBs. Time-mated Sprague-Dawley rats were exposed to 
PCB 28 (2,4,4'-trichlorobiphenyl), 8 or 32 mg/kg/day, PCB 118 (2,3',4,4',5-pentachlorobiphenyl), 4 
or 16 mg/kg/day, PCB 153 (2,2',4,4',5,5'-hexachlorobiphenyl), 16 or 64 mg/kg/day, or corn oil 
vehicle via gavage on Gestation Days 10-16. Litters were culled to eight on Day 2 and weaned on 
Day 21. Beginning on Day 90, one male and one female from each litter were tested on a 
working/reference memory task on an eight-arm maze. For each rat, the same four arms were 
baited throughout training. Animals were tested Monday-Friday, for seven consecutive weeks. No 
differences in working or reference memory errors were observed. The same animals were later 
tested on a T-maze delayed spatial alternation task. On each trial, the reinforcer was placed in 
the arm opposite that chosen by the rat on the previous trial. Intertrial delays of 15, 25, or 40 sec 
appeared in counterbalanced order. Rats were tested Monday-Friday for three consecutive 
weeks. The higher doses of all three congeners resulted in slower acquisition by female rats. 
Males were not affected. PCB-exposed females were impaired at all delays and were not 
differentially more impaired at longer delays, suggesting a learning or attentional deficit, rather 
than a mnemonic deficit. These findings demonstrate that perinatal exposure to ortho-substituted 
PCBs can result in long-lasting deficits in learning and suggest that the effects of PCBs on 
learning may be sex specific. 
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Title: Long-term effects of developmental exposure to 2,2',3,5',6- pentachlorobiphenyl (PCB 95) 
on locomotor activity, spatial learning and memory and brain ryanodine binding 
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Volume: 18 
Issue: 2 
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Abstract: There is mounting evidence that perinatal exposure to ortho-substituted PCB 
congeners causes neurobehavioral and neurochemical alterations. The molecular mechanism for 
these effects is not understood, but certain ortho- substituted PCBs have been found to interact 
specifically with ryanodine- sensitive Ca2+ channels in vitro. These channels are widely 
expressed in brain and are thought to be responsible for Ca2+-induced Ca2+ release. Thus, the 
ryanodine receptor may represent a selective molecular target through which ortho-substituted 
PCBs disrupt calcium signaling in neurons, and produce neurochemical and neurobehavioral 
alterations. Of the PCBs evaluated, 2,2',3,5',6-pentachlorobiphenyl (PCB 95) exhibits the highest 
potency and efficacy towards the ryanodine receptor in vitro. Therefore, we conducted an in vivo 
study to investigate the effects of developmental exposure to PCB 95 on neurobehavioral function 
and regional brain ryanodine binding. Time-mated Sprague-Dawley rats were dosed with PCB 95 
(8 or 32 mg/kg/day) or corn oil vehicle via gavage on gestation days 10-16. One male and one 
female from each litter were evaluated for neurobehavioral effects. Locomotor activity was 
evaluated in an automated open field at 35 and 100 days of age. Spatial learning and memory 
was assessed using an eight arm radial maze working memory task at 60 days of age and a T-
maze delayed spatial alternation task at 140 days of age. The animals were then euthanized and 
3H! ryanodine binding was assayed in homogenates of cerebral cortex, hippocampus and 
cerebellum. Rats exposed to PCB 95 showed normal levels of activity as juveniles, but were 
hypoactive in adulthood. They also showed a faster acquisition of the working memory task on 
the radial arm maze, but did not differ from controls on the T. maze delayed spatial alternation 
task. Region-specific changes in ryanodine binding to Ca2+ channels were also observed, with 
decreased binding in the hippocampus, increased binding in the cerebral cortex and a biphasic 
effect in the cerebellum. How these changes in ryanodine receptor function are related to the 
alterations in behavior will be a challenging problem to elucidate. [Journal Article; 38 Refs; In 
English; Summary in English] 
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Title: Effects of in utero and lactational exposure of the laboratory rat to 2,4,2',4'- and 3,4,3',4'-
tetrachlorobiphenyl on dopamine function 
Journal: Toxicology and Applied Pharmacology 
Volume: 146 
Issue: 1 
Pages: 95-103 
Abstract: Offspring of Spraye-Dawley derived dams were exposed to either 2,4,2',4'-
tetrachlorobiphenyl (TCB) (1, 10, or 20 mg/(kg . day)) or 3,4,3',4'-TCB (0.1 or 1 mg(kg . day)) from 
gestational Day 6 through weaning by providing the dams with cookies adulterated with the 
appropriate amount and type of PCB. Male and female offspring were sacrificed on postnatal 



Days 35, 60, and 90, and brain concentrations of dopamine and its metabolites, 3,4-
dihydroxyphenylacetic acid and homovanillic acid, were determined in the frontal cortex, caudate 
nucleus and substantia nigra by high-performance liquid chromatography with electrochemical 
detection. In utero and lactational exposure to 3,4,3',4'-TCB resulted in significant elevations in 
concentrations of dopamine in the frontal cortex, and of dopamine and its metabolites in the 
substantia nigra that persisted into adulthood. In contrast, in utero and lactational exposure to 
2,4,2',4'-TCB resulted in significant decreases in concentrations of dopamine in the frontal cortex 
and caudate nucleus that also persisted into adulthood. We suggest that the reductions in brain 
dopamine concentrations are a consequence of ortho-substituted PCB congener-induced 
inhibition of the synthesis of dopamine during critical periods of development acting, perhaps, in 
concert with PCB-induced changes in cholinergic receptor function. On the other hand, the 
persistent elevations in brain dopamine and metabolite concentrations following perinatal 
exposure to 3,4,3',4'-TCB may be mediated by alterations in steroid hormone function during key 
developmental periods. [Journal Article; 66 Refs; In English; Summary in English] 
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Journal: Environmental Research 
Volume: 80 
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Abstract: Epidemiological studies have demonstrated an association between consumption, by 
women, of contaminated Great Lakes salmon and deficits in cognitive performance in the children 
of these women. Although significant statistical associations between polychlorinated biphenyl 
(PCB) body burdens and these negative outcomes suggest that PCBs may be responsible, the 
fetus and neonate are also exposed to other fish-borne neurotoxicants. In this manuscript we 
present data from two developmental studies that support the hypothesis that PCBs may serve 
either as a marker for other contaminants that are responsible for the observed effects, or that 
other contaminants present in the fish interact synergistically with the PCBs to produce the 
observed neurotoxicity. In the first study we demonstrated that exposure of rats to diets 
containing lyophilized Great Lakes salmon, resulting in exposure to as little as 13.9 [mu]g/(kg . 
day) of total PCBs, induced significant reductions in regional brain dopamine (DA) concentrations. 
In the second study, we demonstrated that exposure of rats to the ortho-substituted PCB 
congener (2,4,2',4'-tetrachlorobiphenyl) at 1, 10 or 20 mg/(kg . day) also induced significant 
reductions in DA concentrations in the same brain regions although only at the two highest doses 
- levels at least 100-fold higher than seen in the first study. On the basis of these developmental 
neurochemical studies we suggest that the reported cognitive deficits in children exposed in utero 
and during lactation to fish-borne contaminants may be due either to contaminants other than 
PCBs or to complex interactions between PCBs and other neurotoxicants present in the fish. 
[Journal Conference Paper; In English; Summary in English] 
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Journal: Toxicology and Applied Pharmacology 
Volume: 169 
Issue: 1 
Pages: 1-7 
Abstract: Polychlorinated biphenyls (PCBs) are a group of persistent and widely dispersed 
environmental pollutants, some of which may be immunotoxic. In the present study, we 
investigated the effect of PCBs on immune system by assessing apoptotic cell death in human 
monocytic U937 cells. Among the various congeners tested, 2,2',4,6,6'-pentachlorobiphenyl 
(PeCB), a highly ortho-substituted congener, specifically induced DNA fragmentation, a hallmark 
of apoptosis, while the other examined di-, tri-, tetra-, and pentachlorobiphenyls did not. To further 
study the 2,2',4,6,6'-PeCB-induced cell death, various features of apoptosis were examined. 
2,2',4,6,6'-PeCB caused a decrease in cell viability and induced cellular morphologic features 
characteristic of apoptosis such as chromatin aggregation and apoptotic bodies. In addition, 
caspase-3, an executioner of apoptosis, was activated and its substrate, poly(ADP-ribose) 
polymerase (PARP), was cleaved during 2,2',4,6,6'-PeCB-induced apoptosis. In contrast, 
3,3',4,4',5-PeCB, a congener of coplanar structure, as well as 2,3,7,8-TCDD did not induce 
apoptosis in these human monocytic cells, although they potently induced CYP 1A1 in human 
hepatoma Hep G2 cells. Taken together, the data indicate that 2,2',4,6,6'-PeCB induces 
apoptosis in human monocytic cells through a mechanism that is independent of the 
arylhydrocarbon receptor. This suggests a possibly separate mechanism by which PCBs cause 
immunosuppression. (C) 2000 Academic Press. [Journal Article; 50 Refs; In English; Summary in 
English] 
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Abstract: Despite a ban on their manufacture in 1977, polychlorinated biphenyls (PCBs) are still 
found in significant quantities in the environment. Developmental exposure to PCBs and related 
compounds has been reported to be neurotoxic in human and animals. Research in our 
laboratory has focused on the possible site(s) and mechanism(s) of PCB-induced developmental 
neurotoxicity. Recent experiments with rats found that developmental exposure to Aroclor-1254 
(ARC) affects the acquisition of a lever press response and produces long-term changes in 
calcium buffering and protein kinase C (PKC) activity in the brain. In vitro studies in our laboratory 
have found that ARC increases 3H!phorbol ester binding, an indirect measure of PKC 
translocation, and inhibits calcium buffering in microsomes and mitochondria. Other experiments 
indicate that PCB congeners with chlorine substitutions at ortho- or low lateral substitutions are 
active in vitro, while non-ortho-substituted congeners are less active or inactive. Other research 
suggests that the lack of coplanarity of the PCB molecule is related to in vitro activity of PCB 
congeners.These studies indicate that in vivo developmental exposure to PCBs alters behavior 
and second messenger systems during adulthood, while in vitro experiments indicate that 
nervous system activity is related to ortho-substituted congeners that tend to be non-coplanar in 
configuration. Our results are consistent with the hypothesis that developmental neurotoxicity of 
ARC is due, in part, to the presence of ortho-substituted PCB congeners. Copyright (C) 1998 
Elsevier Science Ireland Ltd. All rights reserved. [Journal Conference Paper; 34 Refs; In English; 
Summary in English] 
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Abstract: Like dioxin, some polychlorinated biphenyl (PCB) congeners produce toxicity by 
binding to an aryl hydrocarbon (Ah) receptor. Other PCB congeners that have little or no activity 
at the Ah receptor have been shown to accumulate in the brain following in vive exposure and 
decrease dopamine content. Subsequent research has found that non-dioxin-like PCBs also 
interfere with calcium homeostatic mechanisms and intracellular second messenger systems in 
vitro in neuronal cultures and brain subcellular fractions. The biological significance of these 
effects of PCBs in nervous system preparations is not known, although a number of calcium-
dependent processes are important for nervous system function and development. Structure-
activity relationship (SAR) studies based on measures of PCB- induced alterations in protein 
kinase C (PKC) translocation and Ca2+- buffering indicate that congeners with chlorine 
substitutions at the ortho- position are active in vitro, while non-ortho congeners are relatively 
inactive. Subsequent research has found that chloride substitution patterns that favor non-co-
planarity are associated with activity in nervous system preparations. Recent in vive studies in 
adults have shown that repeated exposure to a PCB mixture Aroclor 1254 increases translocation 
of PKC and decreases Ca2+-buffering in the brain. Increased levels of ortho- substituted non-
coplanar PCB congeners were observed in the brains of Aroclor 1254-treated animals relative to 
vehicle controls. Current research is focusing on the possibility that PCB-induced alterations in 
calcium homeostasis and intracellular second messengers may be related to the developmental 
neurotoxicity of PCBs. [Journal Conference Paper; 75 Refs; In English; Summary in English] 
Notes: TY  - JOUR 
 
 
Reference Type : Journal Article 
Record Number: 1143 
Author: Van Der Burght, A.S.A.M.; Kreikamp, A.P.; Horbach, G.J.; Seinen, W.; Van Den Berg, M. 
UR  - http://www.sciencedirect.com/science/article/B6WR5-3WH07GV-
4BM/1/02e92c4364aa677e835c358848337e15 
Year: 1998 
Title: Characterization of CYP1A in hepatocytes of cynomolgus monkeys (Macaca fascicularis) 
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Abstract: Cynomolgus monkeys (Macaca fascicularis) have been used previously as a model to 
study effects on cytochrome P450 (CYP) regulation. Until now it has not been elucidated which 
CYP1A proteins are present in this primate species. The aim of this study was to characterize 
CYP1A in untreated hepatocytes of cynomolgus monkey using two specific CYP1A inhibitors 
([alpha]-naphthoflavone and furafylline). The effect of different substituted polychlorinated 
biphenyls (PCBs) on CYP1A regulation was also studied in these hepatocytes. Small quantities of 
CYP1A2 have been identified in untreated hepatocytes. Northern blots showed the presence of a 
CYP1A mRNA in untreated hepatocytes, when hybridizations where performed with human 
CYP1A2 cDNA. Inhibitions with furafylline and [alpha]-naphthoflavone also suggested the 
presence of CYP1A2 properties. After induction with different PCBs, (probably) CYP1A1 mRNA 



and enzyme activity were induced in cynomolgus monkey hepatocytes. As expected, 2,3',4,4',5-
PeCB (PCB no. 118), a mono-ortho substituted congener, was a potent CYP1A inducer but 
2,2',3,4,4',5',5'-HpCB (PCB no. 180), a di-ortho and 2,2',3,4',5,5',6-HpCB (PCB no. 187), a tri-
ortho substituted PCB, could induce CYP1A mRNA and enzyme activity in cynomolgus monkey 
hepatocytes as well. [Journal Article; 43 Refs; In English; Summary in English] 
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Abstract: The hepatic tumor-promoting activity of a mixture of polyhalogenated aromatic 
hydrocarbons (PHAHs) was studied in a medium term two-stage initiation/promotion bioassay in 
female Sprague-Dawley rats. The PHAH mixture contained 2,3,7,8-tetrachlorodibenzo-p-dioxin 
(TCDD), 1,2,3,7,8- pentachlorodibenzo-p-dioxin (PeCDD), 2,3,4,7,8-pentachlorodibenzofuran 
(PeCDF), 3,3',4,4',5-pentachlorobiphenyl (PCB 126), 2,3',4,4',5- pentachlorobiphenyl (PCB 118), 
2,3,3',4,4',5-hexachlorobiphenyl (PCB 156), 2,2',4,4',5,5'-hexachlorobiphenyl (PCB 153) and 
covered >90% of the total toxic equivalents (TEQ) present in Baltic herring. To determine 
possible interactive effects of di-ortho-substituted PCBs, the PHAH mixture was tested with 
(PHAH+) and without (PHAH-) PCB 153. Rats were initiated by a diethylnitrosamine injection (30 
mg/kg body wt i.p.) 24 h after a partial 2/3 hepatectomy. Six weeks after initiation, the PHAH 
mixtures were administered once a week by subcutaneous injections for 20 weeks. Treatment 
with the PHAH mixtures caused liver enlargement and an increased activity of the hepatic 
cytochrome P4501A1/2 and P4502B1/2. All PHAH exposure groups exhibited an increased 
occurrence of hepatic foci positive for the placental form of glutathione-S-transferase. In the 
PHAH-group dosed 1 [mu]g TEQ/kg body wt/week, the volume fraction of the liver occupied by 
foci was significantly lower compared to the TEQ equivalent dosed TCDD group (3.8 vs 8.7%). 
The volume fraction was significantly increased in the groups treated with 0.5, 1, or 2 [mu]g 
TEQ/kg body wt/week of the PHAH+ mixture (4.5, 5.2, and 6.6%, respectively) compared to the 
corn oil group (2.0%), but to a lower extent than expected on basis of the TEQ doses. Overall, the 
TEQ-based administered dose overestimated the observed tumor-promoting effects of this PHAH 
mixture. The applicability of the toxic equivalency factor concept, the role of differences in 
toxicokinetic properties and interactive effects of PCB 153 on hepatic deposition of the dioxin-like 
congeners are discussed. [Journal Article; 59 Refs; In English; Summary in English] 
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Journal: Toxicological Sciences 
Volume: 59 
Issue: 1 
Pages: 92-100 
Abstract: The aim of this study was to determine the effects of subchronic exposure to complex 
mixtures of polyhalogenated aromatic hydrocarbons (PHAHs) on the thyroid hormone and 
retinoid status in female Sprague-Dawley rats and to investigate the predictability of these effects 
by the toxic equivalency factor (TEF) concept. In the first experiment, the focus was on a complex 
dioxin-like PHAH mixture, which covered > 90% of the total toxic equivalents (TEQ) present in 
Baltic herring. In the second experiment, the contribution of non-dioxin-like polychlorinated 
biphenyls (PCBs) was investigated by testing the commercial PCB mixture Aroclor 1260, its 0-1 
ortho and 2-4 ortho fractions and the reconstituted 0-4 ortho fraction. Hepatic retinoid levels were 
severely decreased (O70%) after treatment with the dioxin-like PHAH mixture, similar to the effect 
of a TEQ equivalent dose of 1 [mu]g 2,3,7,8-TCDD/kg bw/week. However, the TEF concept failed 
to predict the effect on plasma retinol; a decrease (21%) was observed after treatment with the 
PHAH mixture, whereas an increase (21%) was found after treatment with TCDD. A more severe 
decrease of total thyroid hormone in plasma was observed after exposure to the PHAH mixture 
compared to treatment with TCDD (O60% vs. 38%). The discrepancy found between the 
predicted and observed effects for plasma retinol and thyroid hormone is possibly due to an 
additional effect of hydroxylated PCBs, formed from metabolizable PCBs present in the PHAH 
mixture. Aroclor 1260 and its fractions did not significantly alter the retinoid and thyroid hormone 
status at the dose levels tested, indicating that in case of exposure to complex PCB mixtures at 
environmental levels, no effects, or at best, only marginal effects can be expected on the retinoid 
and thyroid hormone status. [Journal Article; 53 Refs; In English; Summary in English] 
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Abstract: The hepatic tumor promoting activity of the planar 0-1 ortho ([tild;]9.7% w/w) and the 
nonplanar 2-4 ortho ([tild;]90.3% w/w) fraction of the commercial PCB mixture Aroclor 1260 was 
studied using a medium-term two-stage initiation/promotion bioassay in female Sprague-Dawley 
rats. Fractionation was carried out on an activated charcoal column. The composition of the 
effluent from the column was tested by GC-ECD. The absence of planar compounds in the 2-4 
ortho fraction was confirmed by GC-MS analysis. The dioxin-like toxic potency of the fractions 
was determined with the DR-CALUX assay. The animal experiment was started with the initiation 
procedure (diethylnitrosamine injection, 30 mg/kg body wt ip, 24 h after 2/3 hepatectomy), 
followed 6 weeks later by the promotion treatment, which consisted of a weekly subcutaneous 
injection during 20 weeks. Exposure groups (n = 10) received the following treatments (dose/kg 
body wt/week): Aroclor 1260 (10 mg), 0-1 ortho fraction (0.97 mg), 2-4 ortho fraction (1, 3, or 9 
mg), a reconstituted 0-4 ortho fraction (9.97 mg), 2,2',4',5,5'-hexachlorobiphenyl (PCB 153; 1 or 9 
mg), 2,3,7,8-TCDD (1 [mu]g; positive control) or corn oil (1 ml; vehicle control). One group did not 
receive a promotion treatment. All exposure groups exhibited a significantly increased volume 
fraction of the liver occupied by hepatic foci positive for the placental form of glutathione-S-
transferase-p compared to the corn oil control, except for the groups treated with 0-1 ortho 



fraction and 1 mg PCB 153/kg body wt/week. Approximately 80% of the total tumor promoting 
capacity of the reconstituted 0-4 ortho fraction could be explained by the 2-4 ortho PCB fraction 
while the 0-1 ortho fraction had only a negligible contribution. These results suggest that the 
majority of the tumor promotion potential of PCB mixtures resides in the non-dioxin-like fraction, 
which is not taken into account in the toxic equivalency factor (TEF) approach for risk assessment 
of PCBs. This may result in an underestimation of the tumor promotion potential of environmental 
PCB mixtures. (c) 2000 Academic Press. [Journal Article; 70 Refs; In English; Summary in 
English] 
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Abstract: Environmental risk limits (ERLs) for individual congeners of polychlorinated biphenyls 
(PCB 77, 105, 118, 126, 153, 156, 157, and 169) are derived. After lipid normalization, toxicity 
data for birds, mammals, and aquatic organisms were converted to equivalent concentrations in 
soil or sediment organic carbon (OC). Accumulation in the food chain was taken into account. 
Field-derived data on the environmental fate of PCBs, e.g., biomagnification factors and biota-to-
sediment accumulation factors, were used in the calculations. The variability in these data was 
incorporated by using probabilistic techniques. Parameters that are difficult to measure for these 
hydrophobic compounds, such as the bioconcentration factor or the sediment/water partition 
coefficient were, avoided where possible. Probability distributions for various species were 
combined per congener when statistically appropriate; ERLs were based on the fifth percentile of 
these combined distributions. Congener patterns occurring in various sediments and 
invertebrates in The Netherlands were used for determining a mixture ERL for non- and mono-
ortho PCBs. The PCB 118 was selected as a guiding congener. If the concentration of PCB 118 
is less than 5 [mu]g/kg OC. Dutch ecosystems are assumed to be protected for effects of the 
whole mixture of non- and mono-ortho-substituted PCBs. Concentrations associated with adverse 
effects in field studies were comparable to concentrations that would result if all congeners would 
be present at the ERL level. [Journal Article; 106 Refs; In English; Summary in English] 
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Abstract: The perturbation of Ca2+ -homeostasis in human granulocytes exposed to ortho and 
non ortho Substituted polychlorinated biphenyls (PCB) was investigated. Ortho substituted PCB 
congeners increased intracellular free calcium, CA2+!i, in a concentration-dependent:-manner. 



The increase in Ca2+!i was inversely proportional to the total surface area of the ortho substituted 
congeners. The effect of ortho substituted PCB congeners was dependent upon external Ca2+ 
and phospholipase C activation, except for a tetra-ortho substituted congener, 2,2',6,6'-TeCB, 
that was not phospholipase C-dependent. We suppose that PCBs activate phospholipase C 
which leads to the production of ins(1,4,5)P3. This will release Ca2+ from intracellular stores and 
subsequently activation of Ca2+ release activated Ca2+ channels (CRAC) in the plasma 
membrane. It is also possible that PCBs activate CRAC in a more direct manner. Our findings 
show that ortho substituted PCB congeners stimulate Ca2+!i elevation in human granulocytes, 
and this could in part account for the effects of PCB on the immune system. 
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Abstract: The effect of polychlorinated biphenyls (PCBs) on the activation of respiratory burst 
measured as luminol-amplified chemoluminescence in human granulocytes is elucidated here. 
Chemoluminescence was stimulated in a concentration-dependent manner (ED50 ~10 [mu]M) by 
ortho-substituted PCB congeners, while meta- and para-substituted congeners had no significant 
effect. Two ortho-substituted PCB congeners were chosen for the mechanistic studies, namely 
2,2',4,4'-TeCB and 2,2'-DCB, since they have been used in previous studies by others. In the 
absence of extracellular calcium, the respiratory burst in response to 2,2'-DCB and 2,2',4,4'-TeCB 
was reduced by 63% and 82%, respectively. Bisindolylmaleimide, which inhibits protein kinase C, 
reduced activated chemoluminescence by 2,2'-DCB, 2,2',4,4'-TeCB, N-formylmethionyl-leucyl-
phenylalanine, and phorbol 12-myristate 13-acetate. Neomycin, which inhibits phospholipase C, 
had a slight, but significant, effect on the 2,2',4,4'-TeCB-activated chemoluminescence but had a 
more pronounced effect on the 2,2'-DCB-activated chemoluminescence. 2,2'-DCB and 2,2',4,4'-
TeCB significantly increased phospholipase D (PLD) activity measured as the amount of 14C-
phosphatidylbutanol formed. Ethanol (1%), a phospholipase D modulator, reduced the response 
to 2,2'-DCB and 2,2,',4,4'-TeCB by 72% and 75%, respectively. Furthermore, wortmannin (25 
nM), a phosphatidylinositol 3-kinase, and genistein, a more unspecific tyrosine kinase inhibitor, 
reduced chemoluminescence in response to PCB. In conclusion, our results indicate that PCB-
activated chemoluminescence is dependent on the Ca2+-dependent phospholipase D or 
phospholipase C, phosphatidylinositol 3-kinase, and protein kinase C activation prior to activation 
of the NADPH oxidase. Defects in neutrophil functions upon exposure to PCB may render a 
greater susceptibility in the host to invading microorganisms or evoke inappropriate inflammatory 
responses leading to tissue injury. 
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congener in rats 
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Volume: 3 
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Abstract: Polychlorinated biphenyls (PCBs) are still of environmental concern. Neurotoxic effects 
were described after developmental exposure to PCB mixtures and single congeners. The 
purpose of the present experiment was to compare the behavioral effects of the coplanar 
congener 3,4,3',4'-tetrachlorobiphenyl with the ortho-chlorinated 2,4,2',4'-tetrachlorobiphenyl. 
Female Wistar rats were exposed with a subtoxic dose of 1 mg/kg b.w. of 3,4,3',4'-
tetrachlorobiphenyl, 2,4,2',4'-tetrachlorobiphenyl or the vehicle during gestation from day 7 to 18. 
There were significant lower concentrations of 3,4,3',4'-TCB than of 2,4,2',4'-TCB in dams and 
offspring at gestational day 19. Decreases from gestational day 19 (F 19) to postnatal day 21 
(PND 21) were only observed in the adipose from dams exposed to 2,4,2',4'-TCB. The following 
behavioral tests were conducted in the offspring: locomotor activity in the open field, spatial 
learning in the radial arm maze, catalepsy induced by the dopamine receptor blocker haloperidol, 
and passive avoidance learning at PND 25, PND 95, PND 180, and PND 220, respectively. 
Significant differences to the control group were detected in the 3,4,3',4'-tetrachlorobiphenyl 
exposed offspring. There were increases in descent latencies in the catalepsy test and 
impairments of passive avoidance behavior. These behavioral effects were observed in the adult 
rats long after the termination of exposure when internal PCB levels were indistinguishable from 
those of controls. A mediation of the reported effects by alterations of dopaminergic processes or 
thyroid hormone levels is discussed. 
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Abstract: The accumulation of a group of non- and mono-ortho (coplanar) PCB congeners in 
aquatic food webs is of special interest due to their dioxin-like toxicities. Furthermore, higher 
octanol-water partition coefficients than homologs with greater ortho-substitution suggest the 
potential for selective accumulation of the coplanar congeners. We quantified 47 PCB congeners 
containing 0-3 ortho-chlorines from six homolog groups in sediments, plankton, and fish from 
Green Bay, WI, using conventional and multidimensional gas chromatography with electron 
capture detection. Of the congeners exhibiting dioxin-like toxicity, the only non-ortho-substituted 
congener quantifiable in any of the matrices was IUPAC 77, but all of the toxic mono-ortho-
substituted congeners were detected and quantified. Penta-, hexa-, and heptachloro congeners 
were enriched relative to other congeners in sediments and fish located more distant from the 
main source of the bay, whereas trichloro congeners were depleted. The same homolog groups 
also became more enriched as PCBs moved to higher levels in the ecosystem from sediment to 
plankton to fish, while trichloro congeners were depleted. Enrichment patterns of the most toxic 
(dioxin-like) congeners were also influenced mainly by total chlorine substitution; the degree of 
ortho-substitution did not systematically affect accumulation in plankton and fish. [Author abstract; 
28 Refs; In English] 
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Journal: NeuroToxicology 
Volume: 18 
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Abstract: The effects of PCBs on hippocampal function were studied in vitro, by radioligand-
receptor binding analysis and electrophysiological measurements of the hippocampal slice 
preparation. 3H!Ryanodine, a conformation- sensitive probe for ryanodine receptors, was 
employed to determine how PCBs influence specific high-affinity occupancy to receptors found in 
microsomes isolated from rat hippocampus. PCB 95 (2,2',3,5',6-pentachlorobiphenyl) exhibited a 
dose-dependent enhancement of 3H!ryanodine receptor occupancy with an EC50 of 12 [mu]M. In 
contrast, PCB 66 (2,3',4,4'-tetrachlorobiphenyl) showed no activity toward ryanodine receptors, 
up to its solubility limit (PCB 95 to the perfusion medium, PCB 95 depressed PS amplitude, 
especially at high stimulus intensities. Significant reductions in PS and EPSP maxima were seen, 
even after induction of long term potentiation, a model of neuroplasticity. However, these actions 
were not observed with PCB 66 which lacks ryanodine receptor activity, implicating a ryanodine 
receptor-mediated mechanism in the general depression of pyramidal cell excitability seen with 
PCB 95. Taken together, these results reveal a novel, arylhydrocarbon (Ah) receptor-
independent, mechanism by which PCB 95 alters neuronal Ca2+ signaling and neuroplasticity in 
adult brain. 
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