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Part 1: Cytochrome P450 enzyme activities as monitoring tools for contaminant exposure in Glaucous gull (Larus hyberboreus)

Background
Animals exposed to environmental compounds present in the environment possess the ability to protect themselves against potential harmful effects of these substances by several mechanisms including elimination. Elimination processes involve metabolism and subsequent excretion processes. Many organs may contribute to the elimination of contaminants including the skin, the respiratory tract, the intestinal system, the kidneys and the liver. The liver possesses by far the largest capacity to eliminate xenobiotics and is usually considered as the major metabolism and detoxification unit in the body. 

A number of studies has shown that the arctic environment is exposed to a wide variety of contaminants, including halogenated organic pollutants such as PCBs and chlorinated pesticides. These compounds originate from anthropogenic sources and are transported into the arctic environment where they accumulate through the food chain. Consequently, animals feeding at a high tropic level are exposed to particularly high amounts of these compounds. 

Cytochrome P450 enzymes and contaminant exposure

Biological effects 

On entering the food chain, environmental contaminants may be subject to metabolism by specialized enzymes. Contaminant metabolism is a two-step process, where the cytochrome P450 (CYP) enzyme system plays and important role in the first step. CYP consists of different enzymes with specific, but overlapping substrate specificity. The CYP families 1, 2, and 3 are thought to be the most important in contaminant metabolism. In some cases metabolism results in detoxification of the parent compound, but many compounds become biologically active after metabolism. Consequently, the formation of harmful reaction products is directly related to the activity of CYP enzymes and this makes these enzymes important mediators in many contaminant induced biological effects in animals. Therefore, understanding of CYP- mediated contaminant metabolism is a key to understand and predict potential contaminant induced biological effects in different species. 
Contaminant levels and accumulation pattern

The presence and activity of different CYP enzymes is species specific. Consequently, large differences in metabolic capacity, contaminant loads, accumulation patterns and biological effects between species exist, even if the exposure is similar. So, the CYP enzymes present are not only directly linked to the toxicological significance and biological effects of environmental pollutants, but also to the contaminant levels and accumulation patterns measured. Therefore, knowledge about CYP enzymes is essential to place tissue contaminant concentrations and potential threats of contaminant exposure in a certain species into perspective. 

Bioindicator

CYP may respond to contaminant exposure by an increased activity of specific CYP enzymes: the enzyme becomes induced. This induction usually results in a more efficient elimination of the contaminant. Two main types of inducers can be distinguished. Exposure to planar molecules results in increased activity of the CYP1A subfamily. More three-dimensional molecules usually cause an induction of the CYP2B and CYP3A subfamilies. This differential induction of CYP makes this enzyme family a promising candidate as a biomarker and ‘first warning signal’ for contaminant exposure. 

Environmental monitoring
The necessity to quantify and understand the impact of chemical pollution on the ecosystem has resulted in an increased interest in diagnostic and predictive biomarkers. Animals exposed to chemical pollutants may respond by a changed biochemistry or physiology, and in extreme cases also ecological responses may become evident. However, the successful use of biomarkers for diagnostic and predictive purposes depends on a fundamental characterization and understanding of the mechanisms involved, including the influence of species, diet, sex, and sexual maturation.

Today’s monitoring mainly implies the measurements of contaminant concentrations in animal tissues. These levels have also been used as an indication for possible biological effects. However, without additional information about the metabolic capacity of the animal, these data are difficult to interpret. It is of crucial importance that the contaminant level data are complemented by the metabolic capacity of the species because: 

1. The levels measured are the result of both exposure and metabolism. Therefore, it is impossible to assess the exposure based on levels only. For example, two species with a very similar diet may show completely different contaminant concentrations and accumulation patterns in their tissues because of differences in CYP enzymes present. This results in different metabolic capabilities between species. In other words, the presence and activity of different CYP enzymes is a major factor determining the final tissue contaminant concentration and accumulation pattern. Therefore, contaminant levels and burdens should always be related to the metabolic capabilities of the target species.

2. Many arctic vertebrates have large seasonal cycles in the size of the body fat reserves. It has been shown that a reduction of the fat content results in an increased contaminant concentration. Thus, contaminant levels fluctuate seasonally as a result of the life strategy of arctic animals.

3. The locations in the body where the fat tissue sample has been taken is known to influence the contaminant concentration. For example, in seals the contaminant concentration changes with changing blubber depths. 

4. Contaminant exposure and subsequent CYP-mediated metabolism are directly linked to harmful effects in animals. For example, the absence of certain CYP enzymes in birds could be linked to the absence of some biological effects, in spite of high contaminant levels . So, the presence and activity of different CYP enzymes is a promising indicator for contaminant exposure as well as contaminant-induced biological effects. 

In conclusion, tissue contaminant levels by itself are not reliable as a tool for exposure and effect monitoring. By using CYP activities as an additional marker, not only exposure to contaminants may be signaled, but also contaminant-induced biological effects.

CYP as a monitoring tool: results from recent studies

Marine mammals

In recent years several studies have been carried out on the presence and activity of CYP enzymes in arctic seals and whales in relation to PCB and toxaphene levels in these animals. Most marine mammals show the ability to metabolize planar molecules, such as polycyclic aromatic hydrocarbons and ortho, meta Cl-unsubstituted PCBs. These reactions are catalyzed by CYP1A enzymes. Molecules with a more globular structure, such as the 2-ortho Cl-substituted and meta, para Cl-unsubstituded PCB’s and some toxaphenes, are thought to be principally metabolized by the CYP 2B and 3A isoforms. In cetaceans these compounds are selectively accumulated and this has been attributed to low CYP2B-like activity. Contrary to cetaceans, the PCB and toxaphene congener patterns in seals suggest the presence of CYP2B and 3A-like activity. CYP activity and characterization studies carried out in the seals confirmed that these enzymes played an important role in determining the levels and accumulation pattern of contaminants (Wolkers et al. 1998a). 

In several seal species a clear relation between contaminant exposure and the activity of some important CYP enzymes was shown (Wolkers et al. 1998b, 1999, 2000). A clear example of the use of CYP as a bioindicator was demonstrated in a study on harp seals. Extremely high CYP activities were found in harp seals from the Barents Sea. Since the PCB concentrations were low, a more extensive chemical analyses was carried out. The results showed that the high CYP activities could be related to a high toxaphene exposure in these seals. This study indicated that the Barents Sea is a ”hot spot” for toxaphene pollution (Wolkers et al. 2000). Thus, these studies illustrate how CYP activity patterns can be successfully used as a ‘first warning signal’ for contamination of a certain area.

In conclusion, the presence or absence of specific CYP isoforms mainly determine the contaminant levels and accumulation patterns in seal and whale tissues. Observed differences in these levels and patterns could be explained by differences in constitutive CYP enzymes. CYP in seals is a very useful instrument to signal contamination with chlorinated compounds of a certain area.

Glaucous gull

A few studies have been focused on CYP enzymes in glaucous gulls and these have indicated that the CYP activities in this sea bird were extremely low, in spite of the very high PCB levels found in their tissues. Compared to the seals the activities of CYP1A-and CYP3A-like activities were ten and seven times lower, respectively, in the gulls (Henriksen et al. 1999, 2000, Savinova et al. 1999). These results indicate a very low metabolic capacity in glaucous gulls, which may explain the extremely high PCB levels found. 

None of the PCBs showed any substantial relation to the CYP activities measured. The CYP1A-like activities showed some significant correlation with a few ortho, meta unsubstituted PCBs, but the percentage of the variance explained was very low. The low CYP 2B and 3A-like activities did not show any relation with the observed contaminant concentrations found (Henriksen et al. 1999, 2000). In a different study on glaucous gulls, also no direct relation between contaminant concentrations and CYP activities were found (Savinova et al. 1999). However, multiple regression analyses showed that the CYP activities were related to the relative ratio of some PCB congeners in gulls relative to polar cod (Rrel) (Savinova et al. 1999), and it was suggestedthat these enzymes have a promising role in monitoring contaminant levels in this species. 

There are however some important considerations with respect to this study and the conclusions drawn which should be taken into account. Glaucous gulls are opportunistic feeders with a very variable diet, including scavenging. Since the relative PCB ratio was based on polar cod and muscle only, two prey items low in the food chain, and did not take the other food components like scavenging into account, this method clearly has some limitations. The need for up to seven different declaring variables to achieve the r2 presented further relativates the use of these enzymes. 

A second consideration is the fact that the relations between the relative presence and CYP enzymes found do not apply to contaminant levels, but to the presence of the compounds relative to he food. This factor is even independent of the absolute concentration. At best it gives an indication of metabolism (persistency) of individual compounds in the gulls. The relations found thus indicate in the best case a link between the persistency of the compound and CYP enzyme activities. In conclusion, the information about the presumed low metabolic capacity of the glaucous gulls is valuable because it puts the levels found into perspective. Likely, the high PCB concentrations in the gulls are not due to a contaminant ”hot spot”, but due to a low metabolism and a consequent high accumulation of these compounds. Due to the absence of any relation between the contaminant concentrations and the CYP activities, these enzymes are probably less informative as biomarkers for contaminant exposure in glaucous gulls as compared to the CYP enzymes in seals.
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Part 2: Establishment of a test system

This spring a test system to assess the response of potential biomarkers (i.e. CYP) was successfully developed and established. The principle of the test system itself is relatively simple. It consists of living, precision-cut slices of organs in a suitable fluid, which keeps them healthy and alive. By exposing these tissues to environmental pollutants, the metabolism and the response of key enzymes in the target organ can be studied. The response following contaminant exposure measured in the tissue slices is thought to be representative for the response in the complete animal, and has the enormous advantage to reduce the need to do animal experimental studies which are costly, logistically complex, and ethically undesirable. 

The first part of the project was used to learn the technologies associated with this new technique and transfer this knowledge to Tromsø. The first experiments using this technique mainly focused on adapting the method for seal tissues. Since the liver of each species has a very different consistency, the actual slicing has to be adapted in such a way that reproducible, precision-cut slices are produced. The results from the seal tissues showed that the liver tissue is suitable to produce slices of only 200 µm thickness, varying only a few mg. On average the variation in slice weight was only about 10-15 %. 

The results from the first incubations with  seal tissues  look promising. Alamar blue metabolism studies, allowing visual detrmination of the viability of the slices,  showed that the tissues can be kept alive and active for at least 24 hours. In addition, slices were cryopreserved in order to be able to perform experiments in Tromsø. More extensive experiments and tests will be carried out the coming year to ”fine tune” and calibrate the system. Studies on PCB metabolism in different species will soon be possible and are planned for 2001. The results will be published separately.
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