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ABSTRACT 

hi.fish, as well as in mamnlals, it is well known that the cvtochrome P450- 
dependent oxi~hltive metabolism e~/'xenohiotics can generate DNA-reactire 
species. Moreo~:er, this metabolism is known to he imhwihle b.v sereral 
compounds of ent'ironnlental sign![icance, such as polychlorobiphenyls. 
polycyclic aromatic hydrocarbons (PAHs) aml dioxins. Consequently. we 
studied the relationship between the degree of imhwtion oj" the cvtochrome 
P4501A, expressed as that c~/" 7-ethylresor,~/in O-deethylase (EROD) 
actiHty, and the let, el of DNA-athhlcts, using the post-labelling assay, in the 
liter of rainbow trout exposed to benzo(a)pyrene (a representative PAH). 
The results showed a significant 2- to 4-foht increase in EROD actit, ity 2.4 
and 8 days after treatment, paralleled hy an increase in DNA-adduct levels. 
This work fitrther emphasizes the involrement of Q'tocllrome P4501A in the 
metaholisnl of henzo(a)pyrene into genotoxic metaholites in rainbow trout. 

The cytochrome P450-dependent oxidative metabolism of xenobiotics is a 
major route in a wide range of  species. Nevertheless, such metabolism may 
also result in the production of  highly reactive electrophiles that can bind to 
DNA, R N A  or proteins. The rodent cytochrome P450 isoform 1A1, usually 
assessed through the in-vitro 7-ethylresorufin O-deethylase (EROD) activity 
measurement, has been shown specifically to be involved in the activation of  
chemicals and to be induced by compounds  of  environmental significance 
such as polychlorobiphenyls, polycyclic aromatic hydrocarbons (PAHs) or 
dioxins, t Because of  its inducibility, the hepatic E R O D  activity in fish is 
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Fig. I. Time-dependent effect of  a single intraperitoneal injection of  benzo(a)pyrene on 
microsomal hepatic EROD activity. Results are mean +_ SEM, with n = 6  (day 8, n=4) .  

* p < 5%, *** p < 0-1% (Student's t-test). 

currently used in field studies as a biochemical indicator, providing evidence 
of exposure to pollutants.: Considering the involvement of the rodent 
cytochrome P4501AI in the activation of planar pro-carcinogens into 
reactive metabolites, we wondered whether EROD activity is associated 
with their genotoxicity in fish. Therefore. we exposed rainbow trout 
(Oncorh.vnchus m3'kiss ) to the model-PA H benzo(a)pyrene (B(a)P) known to 
induce hepatic microsomal EROD and to be metabolized into DNA- 
damaging species in mammals 3 and fish. "~ 

Fifty trouts were maintained in tanks with circulating charcoal-filtered 
tap water at 9 C and fed with commercial pellets. The three experimental 
groups were as follows: 22 trouts injected intraperitoneally with B(ajP in 
corn oil (80 mg/kg body weight), 22 trouts injected with corn oil alone and 
six trouts as non-injected controls. B(a)P and corn oil-treated fish were 
subsequently sacrificed 1 (n = 6), 2 (n = 6), 4 (n = 6) and 8 (n = 4) days after 
treatment. Fish from the non-injected group (n = 6) were sampled on the day 
of treatment. Livers were removed and divided into two parts for 
microsomal EROD activity and DNA-adduc t  level determinations.  
Microsomes were prepared and the EROD activity measured as given in Ref. 
5. Liver DNA was isolated following the procedure of  Dunn et al. 6 and 
DNA-adducts  were analysed using the 3-'P-post-labelling assay 7 after 
nuclease Pl-enrichment. 
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Fig. 2. Representat,ve fingerprints of liver DNA 3:p-labelled adducts of contro (a) and 
Bia)P-treatcd trout sampled l [b), 2 {c), 4 (d) days after injection ~six. six, four and five fish were 
analyzed, respectively). Ten micrograms of DNA were analysed and the mapping of 32p_ 
labelled adducts was carried out as in Lu e t  al.,~ ~ except that the solvent systems used for these 
samples were as follows: 2.3sl sodium phosphate, pH 5-7 [DI); 5"3M lithium formate:8-5sl 
urea. pH 3'54D3): 1.6~I lithium chloride:0-5sl tris HCI:9-3xl urea. ptt 8'0 [D4), 17xl sodium 
phosphate, pH 6-0 {D5). At, toradiography was at -80 C t\~r 17h using one intensifying 
screen. Levels of DNA-adducts are indicated in the text and expressed as fmol/mg DNA 
t mean 4- SEM): statistical analysis was carried out using the Dunnett's test. Samples from day 

8 ,,,,ere not taken into accot.nt because of a technical failure. 

Corn oil t rea tment  was wi thout  effect on fish liver microsomal  E R O D  
activity, while this activity increased from day 1 to day 4 after B(a)P 
t reatment  and remained elevated up to day 8 (Fig. 1). The difference between 
vehicle- and B(a)P-trcated fish was not significant one day al ter  t reatment,  
but a 2-3-fold enhancement  o f  E R O D  activity in B(a)P-exposed fish was 
obtained from 2 to 8 dltys after t reatment  (Fig. 1). 

Several adducts  were detected in the liver DNA from trout,  appearing its 
several spots on the ch roma tog rams  of  the 32p-labelled nucleotides (Fig. 2). 
Some adducts  which were present in the B(a)P-exposed fish and whose level 
remained similar throt tghout  the experiment were also detected in the 
control  group. The nature of  such adducts  is not clearly known but studies 
with rodents  led to hypothesize that they may be of  endogenous  origin. 8 In 
the B(a)P-exposed group, three main adducts  were also observed that  were 
slightly detectable in the control  group (2.01 +_ 0-48 and 1-52 + 0"37 fmol /mg 
DNA tbr adducts  I and 3, respectively: adduct  2 was not detectable; from 
n = 6 fish) and that  increased significantly (as determined statistically) along 
the exposure and reached max imum values after two days  for adduct  2 
(8.89 _+ 2-99 fmol /mg DNA,  n = 4 )  or four days for adducts  1 and 3 
(16-23+6'21 and 7.35 +_ 2"47 fmot /mg DNA,  respectively, n = 5 ) .  The 
unidentified adduct  1 was the most  intense and represented about  50% of  
the total adduc t  radioactivi ty 1-4 days after treatment.  The adduct  3 was 
chromatographica l ly  identical (data not shown) to the major  one detected in 
mouse skin D N A  after topical application of  BIa)P, which corresponds to 
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the 7,8-diol 9,10-epoxide B(a)P-guanine adduct, 9 which is partly responsible 
for its carcinogenic effect and which has been shown to be the major liver 
DNA-adduct  detected in several fish species exposed to B(a)P. ~°-t2 

The present study thus confirms that the measurement of EROD activity 
permits the monitoring of exposure offish to environmental chemicals such 
as PAHs. The level of  EROD induction has been proposed recently as a 
means of categorizing xenobiotics on a scale based on dioxin toxicity. ~ 3 The 
observation that the formation of  liver DNA-adducts  was associated with 
the induction of  microsomal EROD activity is consistent with the 
involvement of cytochrome P4501A in the metabolism of B{a)P into 
genotoxic metabolites and suggests the genotoxic significance of this 
enzymatic activity in rainbow trout exposed to B(aJP. Accordingly, EROD 
induction by non-genotoxic compounds could be a useful indicator of 
genotoxicity that results from the possible subsequent/concomitant  
exposure to pro-carcinogens of fish responsive to their biological effect. 

A C K N O W L E D G E M E N T S  

M. Castegnaro (IARC) is acknowledged for having provided mouse skin 
DNA and for fruitful discussion, and G. Dirheimer (lBMC-Universit6 Louis 
Pasteur) for valuable discussion and constant support. 

REFEREN C E S 

I. Okcy, A. B. Pharmac. Ther., 45, 241-98 [1990). 
2. Payne, J. F., Fancey, L. L., Rahimtula, A. D. & Porter, E. L. Comp. Bioclwm. 

Physiol., 88C, 233-45 11987). 
3. Conney, A. H. Cancer Res., 42, 4875 4917 (1982). 
4. Tan, B. & Melius, P. Comp. Biochem. Physiol., 83C, 217-24 (1986). 
5. Masfaraud, J. F., Monod, G. & Dcvaux, A. Sci. Total Enriron., 97/98, 729 38 

( 1990t. 
6. Duqn, B. P., Black, J. J. & Maccubbin, A. Cancer Res., 47, 6543-8 (1987). 
7. Randerath, K., Reddy, M. V. & Gupta, R. C. Proc. Natl Acad. Sci. USA, 78, 

6126-9 (1981). 
8. Randcrath, K., Rcddy, M. V. & Dishcr, R. M. Carcinoy, enesis, 7, 1615-17 (1986). 
9. Gupta, R. C., Reddy, M. V. & Randcrath, K. Carcin(~genesis, 3, I081-92(1982). 

10. Varanasi, U., Reichert, W. L., Le Eberhart, B. T. & Stein, J. E. Chem.-Biol. 
htteractions, 69, 203-16 (1989). 

I 1. Sikka, H. C., Rutkowski, J. P., Kandaswami, C., Kumar, S., Earley, K. & Gupta, 
R. C. Cancer Left., 49, 81--7 (1990). 

12. Kurelec, B., Krca, S., Garg, A. & Gupta, R. C. Cancer Lett., 57, 255-60 (1991). 
13. Safe, S. Chemosphere, 16, 791 --802 (1987). 
14. Lt., L. J. W., Disher, R. M., Reddy, M. V. & Randerath, K. Cancer Res., 46, 

3046-54 ( 1986t. 


