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Abstract 

In this study it was shown that, in the fish hepatoma cell line PLHC-1, CYPl A induction by 
dioxinlike compounds, e.g. PCB 126, can increase the metabolism and RNA adduct formation 
of ben2o( «)py rene sign i ficantly. 

Introduction 

Fish are exposed to a wide variety of contaminants, often including polynuclear aromatic 
hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs). In some contaminated areas an 
elevated frequency of liver neoplasia has been observed in bottom dwelling fish in the past'' . 
At these sites levels of PAHs were typically several orders of magnitude greater than those at 
less polluted sites. In addition, extracts of sediments that were highly contaminated with 
PAHs could elicit liver tumours in rainbow trout . Furthermore, it was shown that at least two 
PAHs: benzo(a)pyrene (BaP) and 7,12 dimethyl-benzanthracene' cause liver neoplasia in 
fish. These carcinogenic PAHs have to be activated by oxidative metabolism, mainly by 
cytochrome P-450 monooxygenases and flavoprotein oxygenases. BaP is often used as a 
model compound to investigate this bioactivation process. It binds to DNA and other cellular 
macromolecules efficiently, because of its reactive bay region epoxide group ' ' . Several 
Cytochrome P450 enzymes are involved in the oxidation of BaP. In vivo and in vitro 
experiments with mammalian and fish species produced evidence that cytochrome P4501A(1) 
is important for this bioactivation of BaP ' . In many vertebrate species CYPl A(l) is highly 
inducible by PAHs and polyhalogenated aromatic hydrocarbons (PHAHs), including PCBs. 
In this study, the question of the relevance of CYPl A(l) induction by e.g. dioxinlike 
compounds for PAH bioactivation was investigated in PLHC-1 hepatoma cells, derived from 
a topminnow species {Poeciliopsis lucida) . BaP was used as a carcinogenic PAH and 
3,3'4,4'5 pentachloro-biphenyl (PCB 126) because it causes CYPl A (1) induction in most 
species, including fish . Both compounds are commonly found in the aquatic envirorunent 
and fish are often simultaneously exposed to both types of compounds, each having a 
distinctly different mode of action. 
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Experimental Methods 

Chemicals. TRlzol reagent, DMEM and medium supplements were obtained from Gibco 
BRL, Life technologies (gaitersburgh, MD, USA), except foetal calf serum (Flow, ICN 
Biomedicals, Amsterdam, the Netheriands). BaP (98 %) originated from Sigma Chemical Co. 
(St Louis, Mo, USA); ^H-BaP (55 Ci/mmol) from Amersham Int. pic (Littie Chalfont, 
England). PCB 126 (purity > 99 %) fi'om Schmidt BV (Amsterdam, the Netheriands.). 

Cell culture conditions. PLHC-1 Cells were grown in 9 cm culture dishes, at 30° C, under 5 % 
COo, in Dulbecco's Modified Eagle's Medium (D-MEM) with 10 % foetal calf serum added 
" . Plates were seeded with 3.10 cells after reaching 100 % confluency {= 30.10 cells/dish) 

after 6 - 7 days. BaP and PCB 126 were added to the dishes dissolved in dimethyl sulphoxide 
(DMSO, max. 0.3 %). Controls received DMSO only. Cells were exposed to PCB 126 for 24 
hours; H-BaP: 4 hours, unless indicated otherwise. 

Enzyme and protein assays. Ethoxyresonifin-0-deethylase activity (EROD) was used as 
marker for CYPl A(l) activity. EROD activities were measured on a Cytofluor 2300 
fluorescence plate reader (Millipore), using a method adapted from Hahn et al. . 
GST activities were measured using 1 chloro-2,4-dinitrobenzene (CDNB) as a substrate, and 
determined in cytosol, according to the method of Habig et al. '. Protein concentrations of 
cell-suspensions and cytosols were measured according to Bradford . 

BaP melaholism and DNA/RN.A adducts. A stock solution of H-BaP was purified according 
to the method of Van Cantfort et al. . BaP metabolism was determined by using a modified 

I extraction method described by Cantfort et al. and Egaas et al. . 
DNA and RNA adducts were determined by isolating RNA and DNA and measuring the 

I radioactivity bound to it. The RNA/DNA isolation was performed using TRlzol reagent, and 
was based on the single-step RNA isolation developed by Chomczynski et al. . 

Results 

CYPl A induction hy PCB 126. 
Maximum EROD induction was reached after 24 hours of dosage and maintained until 72 

'̂  hours. Maximum activity (120 pmol resorufin/mg protein . min.) was reached at 1 nM and the 
EC50 was 0.2 nM. At higher concentrations a decrease in EROD activity was observed. 

GST activity following exposition to PCB 126 or BaP 
GST activity towards CDNB was measured after exposure of PLHC-1 to an extensive range 
of BaP (0.1 nM - 10 pM) or PCB 126 (1 pM - 100 nM) concentrations. No effect on GST 
activity was observed for both comiwunds with basal activity remaining at 1.5 ± 0.2 

I nmol/niinute. mg protein 

Time dependent CYPl A induction, BaP metabolism and adduct formation 
EROD activity reached a maximum (> 55 pmol/mg.min) between 4 and 6 hours after the start 
of the exposition and declined afterwards. 4 and 12 hours after exposure respectively 57.7 ± 
0.2 % and 88 ± 0.7 % of lOOnM BaP was metabolised. The formation of RNA adducts was 
almost linear in time for 24 hours, at a rate of 96 xlO* adducts/pg RNA per hour (R^=0.988), 
but the number of DNA adducts decreased after 12 hours incubation. 

I 
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Dose-response for BaP and metabolism, adduct formation and CYPl A induction. 
Maximum EROD activity was reached at a concentration of approximately lOOnM BaP and 
the EC50 was approximately 5nM. In the concentration range from 1 to 300 nM BaP the 
percentage of metabolised BaP decreased only slightiy (from 56.1 ± 0.4 to 50 ± 2 %), but at 
higher concentrations a significantly smaller proportion is metabolised. It was observed that 
with a decrease in the percentage of BaP that is metabolised, the percentage of primary 
metabolites increased. An increase was observed for both DNA and RNA-adducts with an 
increasing BaP concentration, when measured in absolute numbers. If normalised on the 
metabolized amount of BaP only, a slight increase (approx. 2-fold) in DNA adducts from 3 to 
3000 nM BaP was noticed. 

Influence of PCB 126 pre-treatment on BaP metabolism, RNA adduct formation and CYPl A 
induction. 
Based on the earlier dose-response experiment with PCB 126, three concentrations of PCB 
126 were chosen representing the LOEL, the EC5o,and the ECjoo of the EROD activity. 
PLHC-1 cells were pre-incubated with these PCB 126 concentrations and then received a dose 
of BaP at three different concentrations. The metabolism of BaP remained remarkably 
constant at 56 ± 4 % in spite of tiic pre-induction widi PCB 126. Only at the highest 
concentration of BaP, lOOOnM, a significant dose dependent increase in metabolism from 35 
± 2.6 to 53 ± 7 % was observed (Figure 1). 

Figure I Influence of prc-treatment with three 
concentrations of PCB 126 on the metabolism of 
BaP in PLHC-1. lOnM BaP: CZZ ; 100nM:Ka ; 
lOOOnM: ^ S . Error bar indicates sd of 3 values 
(except: •: range of 2). 

Figure 2: Induction of EROD activity after 
treatment by PCB only ( - o - ) or by PCB + lOOnM 
BaP (—•- ). Error bar indicates sd of 3 values 
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figure 3: RNA adducts ( - o - ) and BaP metabolism 
( —*-) after 4 hours exposition to 1(X) nM BaP. 
PLHC-1 cells were pre-treated with three 
concentrations of PCB 126 or DMSO. Error bar 
indicates sd of 3 values. 
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In a second experiment only lOOnM BaP was used. EROD induction by BaP alone was 24 
fold. At the two highest PCB concentrations (0.3 and 1.0 nM) pre-treatment with PCB 
resulted in higher EROD induction relative to BaP alone, but lower induction relative to the 
PCB alone (figure 2). In figure 3 it can be observed that there is a moderate increase in 
metabolism from 41 + 3 to 51 + 4 % of BaP, when compared with cells treated to DMSO or I 
nM PCB 126. This increase in BaP metabolism concurs with a significant increase in RNA 
adduct formation (approximately 2-fold). 

Discussion 

Our EROD results for PCB 126 are in good agreement with those observed by Hahn et al. 
who reported an ECjo of 0.38nM and maximum activity at 3nM. Our values were respectively 
0.2 and InM. A distinct difference was observed between both compounds in the time course 
of CYPl A induction. Rapid metabolism of BaP compared to PCB 126 could be the major 
contributing factor to this difference. Our data show that care should be taken when 
comparing dose-response curves and ECso's for kinetically distinctly different compounds like 
BaP and PCB 126. 
BaP, like PCB 126, causes a decline in EROD induction al higher concentrations. This 
biphasic response of CYPl A activity has also been reported from other in vitro studies 

.This phenomenon could be caused by inhibition or inactivation of the CYPl A protein by 
BaP or PCB. It has also been suggested that EROD inhibition may be linked to deregulation 

r . i . u u- *u • 14.21.22,23 

ol the heme biosynthesis 
In the experiments described in this paper, intact cells were used instead of subcellular 
fractions, which is a step closer to the in vivo situation. Pre-incubation of PLHC-1 cells with 
PCB 126, causing up to 80-fold induction of EROD (CYPl A) activity, did not enhance 
metabolism of BaP, except at a very high BaP concentration (I pM). These results suggest 
that, in the fish cell line PLHC-1, CYPl A is only of minor importance for the phase I 
metabolism of BaP at concentrations < 100 nM. 
Both RNA and DNA adducts of BaP were measured to determine the formation of reactive 
BaP metabolites. RNA adduct levels were up to 5 times higher than DNA adduct levels. 
The dose-response relationships of EROD induction and RNA adduct formation by BaP in the 
PLHC fish cells show a remarkable concurrence, suggesting a link between the two 
mechanisms. However, it cannot be discerned if this concurrence is a result of increased BaP 
concentrations or a direct efTect of CYPl A induction. 
The combination experiment (figures 1,2 and 3) investigated the possible relationship between 
CYPl A induction and BaP activation. In the PLHC cells a pre-exposition to 1 nM PCB 126 
lead to a 20 % increase in metabolism of BaP, while RNA adduct formation was more than 
100 % induced. This suggests that CYPIA is specifically involved in the activation of BaP. 
These results are in agreement with other studies, using human and rat hepatocytes, which 
showed a moderate increase in DNA-adduct formation after pre-exposure to CYPIA inducers 
24.:.S 

In our experiments the magnitude of CYPIA induction is much greater than the increase of 
BaP adduct formation. We speculate that phase II metabolism, e.g. GST activity, may be an 
important reducing factor in the formation of BaP adducts to cellular macromolecules. 
However, in our PCB 126 and BaP combination study GST activity remained unchanged over 
the whole concentration range of both compounds. 
Based on our results obtained in the PLHC fish cell line it can be concluded, that CYPIA 
induction by dioxinlike compounds, e.g. PCB 126, can increase the metabolism of BaP but 
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also the activation of BaP to reactive intermediates significantly. As many bottom dwelling 
fish species, e.g. flounder and dab, are exposed directly to both type of compounds an 
interaction between both mechanisms of action might occur, possibly resulting in an increase 
in liver neoplasia. However, any predictions from our results towards the in vivo situation are 
at present impossible due to the lack of knowledge about differences in species sensitivity. 
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