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Introduction 

The arctic ecosystem is exposed to a range of organic contaminants of which PCB's are of 
particular importance because of their abundance and adverse biological effects. Predatory arctic 
mammals are particularly susceptible lo pollution due lo their large seasonal Upid cycles, 
resulting in a release of accumulated contaminants and an addilional acule exposure during 
periods offal mobilization (1). 

The cytochrome P450 (CYP) enzyme system plays a prominent role in the first 
(oxidative) step of contaminant metabohsm. Some metaboUtes arising from these reactions have 
been shown to be particularly harmful (2), making the CYP enzymes important mediators in 
many contaminant induced biological etfects in animals. Large species differences exist in the 
presence and activity of CYP isoforms, resulting in differences in contaminant loads, 
accumulation pattems and biological effects belween species, even if the exposure is similar. 
Therefore, knowledge aboul CYP Ls nol only essential for understandbg the load, fale and 
potential toxicity of contaminants, but also for using it as a biomarker in different species. 

Allhough the importanl function of CYP in contaminant metaboUsm and contamuiant 
toxicity is undisputed, these enzymes have received relatively Utile attention in marine mammals. 
This paper presents a study of the presence of different hepatic CYP isoforms in arctic seals. 
Further, CYP activities were related lo PCB burdens, and the PCB accumulation pattem in seals 
relative to the PCB paitem in their food. FinaUy, the use of CYP as a biomarker for PCB 
exposure in seals was briefly evaluated. 
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Material and Methods 

Sub-aduU ringed seals (Phoca hispida) and harp seals (Phoca groenland'tca) were sampled 
along the coast of Svalbard, Norway in May and August respectively. Liver and blubber were 
sampbd and body length, body mass, and total blubber mass (3) were assessed. Congener 
specific PCB analyses (4) were carried out in seals (blubber) and tiieir main food itenis. 
Microsomal ethoxyresomfm-0-deetiiyIation (EROD), calfeine N-3 demelhylation, and 6P-
testosterone hydroxylation activities were measured with and without setective CYP inhibhors 
as described previously (5). Alpha-naphtiioflavone and fiirafyUine were used iis, CYPIA and 
CYP1A2 inhibitors, respectively (6,7). Keloconazole was used as selective CYP3A mhibitor 
(8). Westem blots were performed using monoclonal anti-bodies raised against ral CYPIA, 
CYP2BI, and CYP3A lo detect nucrosomal CYP proteins. To avoid differences in PCB 
concentrations due to fluctuations in total blubber mass the PCB body burden (pn PCB/kg body 
weight), was calculated. 

Results and Discussion 

CYP activities and PCB burden 
CYP activities in the harp seals were particularly high as compared to ringed seaLi (Table 1), but 
also to seals from otiier areas. Harp and hooded seals (Cystophora cristata) obtained from the 
east coast of Greenland had 20 and 2 times lower EROD respectively (9). 

Table 1. Hepatfc cytochrome P450 activities (mean + sd) in pmolmin'mg protein"' of ringed 
and harp seals. Specified are the activities of caffeine N-3 demelhylation (CAF), 
etiioxyresomfin-O-deetiiylation (EROD), and testosterone 6p-hydroxylation (TST). 
Cytochrome P450 activities Ringed seals (n = 14) Harp seals (n = 13) 
CAF 213 ±90 516 ±155 
EROD 65 ±51 449 ±146. 
TST 459 ±337 952 ±319 

Although differences due to species can not be completely excluded, CYP induction due to 
contaminant exposing may also play an unportant role. Surprisingly, the aveiage total PCB 
burdens were only 130 pg/kg body weight in the harp seals fixim the pr<»ent study as 
compared to 200 pg/kg body weight in tiie ringed seals. Multiple regression anidyses revealed 
a strong positive relation between PCB's wdth a maximum of 1 ortho-Cl (CYI^IA inducers), 
and EROD (r̂  adjusted = 68 %) in the ringed seals. This relation was completely absent in the 
harp seals. Exposure to other contaminants may have resulted in these high (̂ YP activities, 
but also dietary factors can have played a role. The summer diet of harp seals consists mainly 
of crustaceans (10), having a high carotene content. Carotenes have been shown to be potent 
CYP inducers, even at low dosages (11). 
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Inhibition characteristics 
The substrates and the mhibitors used were chosen based on their relative selectivity towards 
different CYP isoforms m laboratory animals and humans. Likewise, the antibodks used were 
raised against specific rat CYP enzymes. The results from this study therefore provide only 
indirect evidence for the presence of particular CYP isofonms. Consequently, exttj^Iation 
towards seals must be made with some caution. Table 2 shows tiie effect of three uihiWtors on 
the CYP activities in ringed and harp seals. 

Table 2. Inhibition of caffeine N-3 demelhylation activity (CAF), ethoxyresomfin-0-
deethylation (EROD), and testosterone 6P hydroxylation activity (TST) in ringed seal (RS) and 

I harp seal (HS) microsomes by a-naphtiioflavone (5 jiM), fiuafyUine (5 |iM), and keloconazole 
(5 uM). Values are expressed as a percentage of tiie contix>l activity (100 %). 
Inhibitor control OFnaphthoflavone FuraiyiUne Ketoconazote 

RS HS RS HS RS HS 
1 CAF 100 26±1 21±10 95±1 77±20 35±17 95±4 

EROD 100 <1 <1 105±4 93±13 39±5 58±5 
[ TST 100 75±9 76±4 99±3 9S±9 12±8 22±3 

> Alpha-naphthoflavone was the only effecUve inhibitor of both EROD and the caffeuie N-3 
. demelhylation activity in both species, supposed to represent CYPlAl and CYP1A2 activity 
' respectively. This suggests that only one CYPIA isoform is presisnt m the seals, which was 
• supported by the Westem btots. Only one protein cross-reacting witii'rat CYPIA antibodies was 

found. Testosterone hydroxylation involves different CYP enzymes. Formation of 6^-
I hydroxytestosterone ui laboratory mammals is mediated by CYP3A (8, 12). Only keloconazole 
, resulted in a substantial reductton in tiie formation of 6p-hydroxytestosterone, suggesting that 
' this activity is CYPS A mediated. The Westem blot analyses confirmed the presence of CYP3 A 
ft Two clear proteui bands cross reacted with rat anti-CYP3A antibodies. In addition one band 
! cross reacted with rat anti-CYP2B antibodies (data hot shown). However, since the formation 

ofthe testosterone 16P metabolite, characteristic for CYP2B activity (13), was exttemely low in 
). both species, the functional significance of this isoform is unclear. 

Metabolic capacity 
The metaboUc index (MI), caknilated as the ratio between the relative contribution of each PCB 
congener (PCB X / PCB 153) in seal blubber and ui food, for ringed and harp seal is shown in 
fig. 1. Ml indicates if the congener accumulates more (index > 1) or less (index < 1) than PCB 
153 (14), while a low Ml suggests metaboUsm. Congeners with vfcinal H-atoms at o,m positions 
and a maxunum of 1 o-Cl (PCB's 28, 74, 105, 118), supposed to be metaboUzed by CYPIA-
Uke isoforms, or congeners with vkinal H-atoms at m,p positions and 2 or more o-CI's (PCB's 
52, 101, 149), metaboUzed by CYP2B and 3A-Uke isoforms, showed values weU below 1 in 
most cases. This indicates metaboUsm. On the other hand, congeners with no vicinal H-atoms at 
the o;m- or the m,p- positions (PCB's 153, 180, 187) and congeners witii no vicinal H-atoms at 
m,p poshions and 2 or more o-CI's (PCB's 99, 128, 138, 170) considered persistent, had m 
general a high Mi's, indKatmg stower metaboUsm or even accumulation. With a few exceptions 
the Ml pattems in the two seal species were similar and cortesponded weU with the different 
CYP isoforms. 
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Fig. 1. Metabolic index in harp and ringed seals per PCB congener. Values ar{̂  expressed as the 
ratio between the relative presence in seals and in tiieh food, (PCB X / PCB lfi3) seal I (PCB X 
/PCB 153)/ood. 

References 

1. De Swart, R.L., Ross P.S., Tunmerman H.H., Hijman W.C, De Ruiter E.M., Liem AK.D., 
Brouwer A , Van Loveren A, Reijnders P.J.H., Vos J.G., and Ost^taus AD.M.E; 
C;iemojpfc<r*,1995,31.4289. 

2. Brouwer A; Biochem. Soc. Trans. 1991,19,731. 
3. Ryg M., Smith T.G.. and 0ritsland N.A Can. J. Tool 1990,68,470. 
4. Oehme M., Schlabach M., Hummert K., Luckas B., and Nord0y E.S; ScL Tot Biviron. 

1995,162,75. 
5. WoDcers J., Witkamp R.F., Nijmeijer S.M., Budcow LC, De Groene E.M., Lydersen C , 

Dahle S., and Monshouwer M; A^uoric xoxicoil 1998, in press. 
6. Chang, T.K.H., Gonzalez FJ., and Waxman HJ; Arch. Biochem. Biophys. 1994,311,437 
7. De Groene, E.M., Hassmg I.G.A, Blom M.J., Seinen W., Hnk-Giemmel^ J., and Horbach 

G.J; Cancer Res. 1996,56,299. 
8. BaMwin, S.J., Bloomer J.C, Smith GJ., Ayrton AD., Claike S.E., and Chenery R.J; 

Xenobiotica 1995.25,261. 
9. Goks0yr, A, Beyer J., Larsen H.E., Andersson T., and FOrlin L; Mar. Etviron. Res. 1992, 

34,113. 
10. Lydersen C , Angantyr L.A, Wiig 0., and 0ritsland T; Can. J. Fish. Aqrnt Sci. 1991. 48. 

2180. 
11. Gradelet S.. Astorg P., Lecletc J.. Chevalier J.. Venevaut M.F.. and Siess M.H; Xenobiotica 

1996,26,49. 
12. Wortelboer, H.M., De Kruif C A , Van lersel AAJ., Falke H.E., Noordhoek I , and 

Bhiauboer BJ; Biochem. PharmacoL 1991,42.381. 
13. Wood, AW., Ryan D.E., Thomas P.E., and Levm W; / BioL Chem.1983,258,8839. 
14. Bruhn R., Kannan N., Pettick G.. Schultz-BuU D.E., and Duinbsr J.C; Chemosphere, 1995, 

31,3721 

ORGANOHALOGEIM COMPOUNDS 
424 Vol 37 (1998) 

( 


