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Introduction 
Planar halogenated aromatic hydrocarbons (PHAHs) such as polychlorinated dibenzo-p-dioxins 

and coplanar polychlorinated biphenyls (Co-PCBs) are ubiquitous contaminants.' Being 
biomagnified in the food web, PHAHs are notably accumulated in a variety of aquatic mammals.^ 
Among the PHAHs, non- and mono-ortho Co- PCB congeners are particularly of great concem due 
to their higher residue levels than the other PHAHs, in spite of their relatively low potential of 
2,3,7,8-TCDD toxic equivalency factors. 

The induction of cytochrome P450 (CYP) enzymes is a responsive mijchanism against exposure 
to xenochemicals. Exposure to PHAHs activates aryl hydrocarbon receptor (AhR), and sfimulates 
the transcription of CYPI A and the other target genes. Various endo- and exogenous compounds, 
that may be potentially signalling molecules, are oxidized by CYPI A-mcdiated reactions into more 
hydrophilic and often less active or harmful metabolites. Through these processes modulated by 
AhR-mediated signalling or by altered CYPlA-mediated metabolism of signalling molecules, 
PHAH exposure may affect cell signalling, cell growth, and tumor promotion.^ Therefore, level of 
CYPI A induced is considered as a biomarker of PHAHs exposure and their toxic responses. 

In 1987-1988, outbreak of morbillivirus infection resulted in mass mortality of Baikal seals 
(Phoca sibirica). Immunosuppression elicited by chronic exposure to environmental contaminants 
was suspected to be associated with the vims-induced mass mortality.'' The following chemical 
analyses in the Lake Baikal waters and seal tissues demonstrated the presence of high 
concentrations of PCBs.'"' However, no toxicological studies have been made so far in Baikal seal. 
The purpose ofthis study is to investigate the relationships between hepatic CYP enzyme activities 
and Co-PCB congener levels in Baikal seals. 

Materials and Methods 
Baikal seals were collected from Lake Baikal in May-June in 1992. Seals were immediately 

dissected on board after the measurements of biometry. Blubber samples were taken and stored in a 
freezer at - 2 0 ^ until chemical analysis. Liver samples were frozen in liquid nitrogen, and stored at 
-80°C until microsome preparation. The age of animals were determined by counting dentinal and 
cemental growth layer in sections prepared from lower canine teeth. The analysis of Co-PCBs was 
performed following the procedures previously reported, and the concentrations, have already been 
published elsewhere.' The 2,3,7,8-TCDD toxic equivalents (TEQs) derived from Co-PCBs were 
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calculated from mammalian toxic equivalency factors (TEFs)'and concentrations of non- (lUPAC 
77, 126 and 169) and mono-ortho Co-PCB congeners (lUPAC 105, 118 and 156). Hepatic 
microsomal fractions were prepared according to the method of Guengerich.' Protein content was 
measured with the bicinchoninic acid assay. CYP content was determined using dithionite 
difference specfra of CO-treated sample."^ Measurements of ethoxy-, methoxy, pentoxy- and 
benzyloxyresomfin-0-dealkylation activities (EROD, MROD, PROD and BROD) were followed 
by the method of Kennedy er A/ ." 

Cortelations between age, blubber thickness or CYP activity levels, and Co-PCB concenfrations 
were examined by Spearman rank cortelation. The Mann-Whitney U-test was used for the 
detection of statistical differences among groups. 

Results and Discussion 
Average TEQs of Co-PCB congeners in the blubber of male and female seals are shown in Table 

1. In most of samples, the contribution of TEQs from individual congeners to total TEQs was the 
largest for non-ortho Co-PCB 126 due to the high TEF (= 0.1). Mono-ortho PCB congener, PCB 118, 
was secondarily confributed, and PCB77 and PCB 169 were minimum contributors due to their 
lower TEF (= 0.0001) and trace levels of concentrations. While male animals sequentially revealed 
the positive correlation of total TEQs with age (p < 0.05), TEQs in females remained constant after 
the maturity due to the fransfer of TEQs from mother to her pup through gestation and lactation. 
Activities of EROD, MROD, PROD and BROD were also shown in Table I. These activifies of 
seal liver microsomes were characterized by the high activity of EROD followed by MROD, 
BROD and PROD activities. Spearman rank cortelation analysis showed that each enzyme activity 
had a sfrong positive cortelation with the others (p <0.00l), suggesting that these four enzyme 

Table 1. TEQs of non- and mono-or ihn Co-PCBs and CYP enzyme activit ies in Baikal seals 
M?i\e _ Femaje 

Inmature Mature Inmature Mature 
TEQs (pg/g rat wt) 

n 7 8 6 19 
non- or lho 

77 0 .25±0 .16 0 .90+0 .39 0 .34±0 .29 0 .55±0 .32 
126 2 8 0 ± 150 4 0 0 1 1 4 0 2 8 0 ± 2 9 0 390:1:230 
169 2 . 2 ± l . 2 4 . 3 ± 2 . 3 3 . 0 ± l . l 3 . 3 ± 2 . l 

mono- t i r iho 
105 29± 16 1 10+ 59 30± 19 42± 18 
118 7 5 ± 4 3 280±150 8 5 ± 5 4 1 I 0 ± 5 8 
156 51 + 33 1 3 0 ± 7 6 4 2 ± 2 3 8 9 ± 3 6 

Total 4 3 0 + 2 1 0 9 2 0 ± 4 1 0 4 4 0 ± 3 4 0 6 3 0 ± 3 0 0 

C Y P enzyme act iv i t ies ( pm ol/m in /mg pro te in) 
n 8 9 5 19 

EROD 330±150 2 8 0 ± 6 9 2 7 0 + 5 3 300+160 
MROD 38± 18 3 6 ± I 5 31 + 5.5 3 2 ± 1 7 
BROD 7 . l ± 3 . 5 4 .7±1.6 5 .9±1.0 ' 6 .0±3.9 
PROD 4 . 6 ± l . 4 3 .7±0.8 4 .3±0.5 4 . 6 ± 1 8 

Ntfie: Va lues are m e a n s ± SD 

activities are catalyzed by one CYP isozyme. In our previous study using liver microsomes of 
largha (Phoca largha) and ribbon (Phoca fasciata) seals, significant positive cortelations were 
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found between the enzyme activities and the expression levels of CYPI A protein cross-reacted 
with anti-rat CYPlAl antisera, and anti-rat CYP1A2 antisera Inhibited the en;^me activities by 
almost 100%.'^ In addition, our recent study could detect novel CYPlAl cDNA fragments from 
livers of both species.''' These studies indicate that such enzyme activities depend upon CYPIA 
isoform in Baikal seal. 

The effect of time taken for postmortem liver freatment should be considered, when CYP 
enzyme activity is used in association with PHAH levels. Comparison of CYP activity between two 
groups that taken >2 hrs and <2 hrs for liver freatment revealed that EROD activities in >2 hrs 
group were significantly lower those in <2 hrs group (p <0.01). Therefore, the samples in <2 hrs 
group were only counted for the following consideration. 

When relationship between 
blubber PHAH and hepafic CYP 
levels is discussed, considerable 
attention has to be paid for an 
assumption that PHAHs are in the 
equilibrium between blubber and 
liver, and that PHAH concentration 
in blubber reflects that in liver In 
order to examine this, the effects of 
age and blubber thickness were 
taken into account in this study. 
Microsome fractions prepared from 
pups that were <0.5 years old 
revealed high hepatic EROD 
activities, while blubber from the same animals contained relatively low TEQs. Ecological surveys 
have recorded that Baikal seal pups are bom in February-March, and the lactation period is 2-2.5 
months. Considering that the pups collected in May-June may have been in or just after the 
lactation, intense exposure to Co-PCBs in the liver through lactation may have enhanced the 
expression levels of CYPIA prior to the equilibrium distribution of Co-PCBs between blubber and 
liver The relationship between blubber thickness and PCB77 is shown in Figure 1. Although a 
significant negative correlation (p <0.01) was obtained, plots from three mature females, plotted as 
open circle (O), were outstanding for the concentration of PCB77 against the blubber thickness. 
One possibility explaining this phenomenon may be due to the effect of lactation. Rapid wasting of 
blubber during the lactation may have temporally raised Co-PCB concentrations in the blubber, 
which may reflect neither the levels of Co-PCBs nor the cortesponding (ilYPlA in the liver Thus, 
the data from animals that were speculated to be suckling pups and lactating mothers were 
eliminated for the following statistical analysis. 

Correlations between congener-specific TEQs and CYP-dependent enzyme activities are 
presented in Table 2. Significant cortelations between PCB 126, the greatest TEQ-confributed 
congener, and all enzyme activities were observed (p <0.05), whereas the other Co-PCB congeners 
were not cortelated with the enzyme activities. This relationship suggests that CYPIA is 
congener-specifically induced by PCB 126, implicating toxic effects in Baikal sieal, and that the 
hepatic CYPIA expression level Is a useful biomarker for the AhR agonisi: exposure. 
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Fig 1. Relationship between blubber thickness and PCB77 concentrations 
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In order to understand the direct effects of PHAH exposure in Baikal seal, the relationship 
between the levels of PHAH and CYPIA in the target fissue would be of more importance. 

Table 2. Spearman rank correlations between CYP enzyme activities in liver microsomes 
and blubber concentrations of Co-PCBs 

EROD 
MROD 
BROD 
PROD 

* p<0 .05 

CB77 
0.19 
0.34 
0.34 
0.30 _._ 

non-ortho PCB 

CB126 
0.45* 
0.55* 
0.54* 
0.49* 

.CB169 
-0.16 
-0.13 
0.11 

...oio_. 

....C.B105 
-0.02 
0.08 
0.03 

..-ML. 

mono-orlho 

CBI 18 
0.08 
0.23 
0.14 
0.17 

PCB 

CBI 56 
0.24 
0.34 
0.14 

._.Q:23._ 
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