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Introduction 
Persistent organic pollutants (POPs) includmg planar halogenated aromatic hydrocarbons (PHAHs) 
are widely distributed,' and biomagnified in higher frophic bfrds, particularly inhabiting the local 
source through the food web.̂  These exposures have resulted in a number of adverse effects on 
thefr reproductive potential, such as deformities and lethality of embryos.' 
PHAHs bind to AhR in the cytoplasm of cell and then this ligand-activated AhR is franslocated 
into nucleus and dimerized with ARNT protein. This heterodimer complex participates in 
regulating the franscription of cytochrome P450 IA (CYP IA) and the other genes. Eventaally, 
changes in these franslated products are speculated to associate with dismption of cell cycle confrol, 
apoptosis, oxidative sfress and endocrine signallmg.'' These integrated knowledges mdicate that 
accurate measurements ofthe AhR-mediated responses including CYPI A may lead to the detection 
of PHAH exposure and thefr subtle effects.' 
Coplanar PCB congeners are stmctural analogues with TCDD, \yhich share a broad spectrum of 
biological and toxicological responses including CYPI A induction. It has been reported that the 
confribution of coplanar PCBs to total TEQs in wildlife is generally much greater than chlorinated 
dioxins and fiirans.* Therefore, we have attempted to measure CYP as a biomarker in wildlife, and 
to relate tae CYP expression level to the PHAH exposure. Particularly m species from relatively 
less polluted areas, little mformation is available on induction of hepatic CYPI A. Here, we report 
on the cunent residue levels of coplanar PCB congeners in seabfrds, and fiirther evidences of the 
induction of CYPI A by coplanar PCBs. 

Materials and Methods 
Liver samples of 13 black-tailed gulls (BTG; Larus crassirostris) and 13 black-footed albattoss 
(BFA; Diomedea nigripes) were collected from Rishiri Island, Hokkaido in 1999 and from tae 
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Norta Pacific m 1998, respectively. All tae liver tissues were immediately collected after tae 
collection. Liver slices were frozen in liquid nifrogen and stored at -80X^ until microsome 
preparation. Liver samples for coplanar PCB analyses were stored at -20'C until chemical analysis. 
Microsomal fractions from liver samples were prepared according to the metaod of Guengerich 
with slight modification.^ Protein concentiations were determined by the BCA assay. 
Ethoxyresomfin O-deethylase (EROD) activity was measured using a multiwell plate reader 
according to the method of Kennedy et al.^ Total CYP content was determmed spectrally by the 
method of Omura and Sato.' The analysis of coplanar PCB congeners was performed following the 
procedures described elsewhere.'" Coplanar PCB congeneis were determined using a GC-MSD. 
TEQs derived from non- (lUPAC 77, 126, and 169) and mono-ortho coplanar PCB congeners 
(lUPAC 105, 118, and 156) were calculated using toxic equivalency factors proposed for avian 
species." 
Conelations among tae hepatic level of CYP activity, and hepatic coplanar PCB concenfrations of 
the seabirds were exammed by Spearman rank conelation. The Mann-Whitaey U-test was used for 
the detection of statistical differences by species. 

Results and Discussion 
Total TEQs ranged from 14-160 pgTEQ/g wet wt in BTG and from 72-500 pgTEQ/g wet wt in 
BFA. PCB126 made a greater contiibution to total TEQs, and followed by PCB77. The 
contribution of PCB 126 TEQ and PCB77 TEQ accounted for ahnost 60-90% and 5-20% to tae 
total TEQs, respectively. The mono-orr/io coplanar congeners less confributed. Literatare surveys 
on tae effects based on TEQs accumulated in bird species showed that tae LOAEL and ED50 values 
determmed for several endpomts including liver weight decrease, brain asymmetry, and CYPI A 
induction were mostly m the range of 10-100 pgTEQ/g in avian eggs and embryos.' Most ofthe 
TEQs calculated m the liver of both species exceeded tae effective levels. 
In order to clarify whether CYPIA is induced by coplanar PCBs, the relationship between EROD 
and coplanar PCB congener levels was examined (Fig. 1). In BTG, TEQs from PCB 126 (p=0.050) 
and PCB 169 (p=0.011) exhibited significant positive conelations with EROD, while a significant 
conelation between PCB77 and EROD was not observed. In BFA, PCB 169 (p=0.0l5) was only 
conelated with EROD, and PCB77 and PCB 126 were not. No conelation was observed between 
EROD activity and individual mono-ortho PCB congeners in both species, probably due to the low 
potential of mono-ortho PCBs to activate AhR. These results indicate that AhR is specifically 
activated by non-ortho coplanar PCB congeners, and CYP isozyme taat is responsible for EROD 
activity, probably CYPIA, is induced in both species. 

Regarding the lack of conelations with PCB77 in BTG, 
and witii PCB77 and PCB 126 m BFA, preferential 
metabolism of PCB77 and PCB 126 by CYPIA induced 
was speculated. To ensure this hypothesis, the 
concentrations of the metabolizable congeners were 
nonnalized to relatively recalcittant congeners, and 
tae relationship between tae PCB congener ratio and 
EROD activity was fiirther evaluated. The statistical 
analyses showed taat EROD activity was negatively 
conelated wita PCB77/PCB126 (p=0.001) and 

PCB77/PCB169 (p=0.003) ratios in BTG, and 
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Fig. 1. Relationship between TEQs 
and EROD activities m tae liver of 
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witii PCB77/PCB169 (p=0.013) and PCB126/PCB169 (p=0.020) in BFA (Fig. 2). These results 
suggest that PCB77 is preferentially metabolized by CYP induced by non-ortho coplanar PCBs 
in BTG, and PCB77 and PCB 126 in BFA. 
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Fig. 2. Relationships between coplanar PCB congener ratios and EROD activities in tiie 
liver of BFA. 

In order to conffrm whether CYPIA induction is coplanar PCB congener-specific action, non
planar POPs including DDT and its metabolites, chlordane compounds, hexachloro-cyclohexane 
isomers, and hexachlorobenzene were also analyzed in livers of both species, and rank conelations 
were examined between tae residue levels and EROD activity. The results showed taat no 
systematic conelations were found for these non-planar POPs (data not shown). 
Our results showed specific activation of AhR by non-ortho coplanar PCB congeners, and tae 
following CYPIA induction in seabfrds. This stady also indicates tae species-specific metabolic 
capacity of CYPIA, which may be one of factors responsible for differences in AhR mediated 
responses among species. 

Acknowledgement 
This stady was supported by Grants-in-aid for Scientific Research (Grant Nos., 09306021, 
12308030 and 12055101) and for tiie Development of Innovative Technology (Destiiiction 
Processes of Dioxms/PCB and Bioassay Monitoring) from tiie Ministry of Education, Culttne, 
Sports, Science and Technology of Japan. 

References 
1. Iwata, H. Tanabe, S., Sakai, N. and Tatsukawa, R. (1993) Environ. Sci. Technol. 27,1080-1098. 
2. Iwata, H., Watanabe, M., Kim, E-Y., Gotoh, R., Yasunaga, G., Tanabe, S., Masuda, Y and Fujita, 

S. (2000) In: Ueta, M. & McGrady, M.J. (eds). First Symposium on Steller's and White-tailed 
Sea Eagles in East Asia. pp. 91-106, Wild Bfrd Society of Japan, Tokyo. 

3. Giesy, JP., Ludwig, JP. and Tillitt, D.E. (1994) fri: Schecter, A. (ed.). Dioxins and Health, 
pp.249-307. Plenum Press, New York. 

4. Nebert, D.W., Roe A.L., Dieter, M.Z., Solis, W.A., Yang, Y, and Dalton, TP. (2000) Biochem 
Phannacol. 59, 65-85. 

63 



5. Stegeman, J.J. and Hahn, M.E. (1994) In: Malins, D.C. and Osfrander, G.K. (eds). Aquatic 
toxicology: Molecular, biochemical and cellular perspectives, pp. 87-206, Boca Raton: Lewis 
Publishers. 

6. Tanabe, S., Iwata, H., and Tatsukawa, R. (1994) Sci. Total Environ. 154, 163-177. 
7. Guengerich, F.P. (1982) In: Hayes AW (ed). Principles and Methods of Toxicology, pp. 609-634, 

Raven Press, New York. 
S.Kennedy, S.W., Jones, S.P., and Bastien, L.J. (1995) Anal. Biochem 226, 362-370. 
9. Omura T, Sato R. (1964) J. Biol. Chem. 239, 2370-2378. 
10. Tanabe, S., Kannan, N., Wakunoto, T., and Tatsukawa, R. (1987) Intem. J. Envfron. Anal. 

Chem. 29, 199-213. 
11. Van den Berg, M. et a i (1998) Envfron. Healtii Perspect. 106, 775-792. 
12. Henshel, D.S. (1998) Envfron. Toxicol. Chem. 17, 88-98. 
13. Hoffman, D.J., Melancon, M.J., Klein, P.N., Eisemann, J.D., and Spann, J.W. (1998) Envfron. 

Toxicol. Chem. 17, 747-757. 

64 


