
Introduction

In recent years much attention has been paid to the

possibilities of detecting genotoxic substances in the

water environment. It is very difficult to identify the im-

pact of a genotoxic substance or another environmental

stressor on higher levels of biological organization (pop-

ulation, ecosystem) [1]. The effect of genotoxic chemi-

cals on the integrity of DNA is the first event in aquatic

organisms following exposure [2]. Genotoxic substances

can induce so-called adducts, single- and double-strand

breaks and DNA crosslinks. As a result of changes in the

sequence and organization of DNA, chromosome aber-

rations (Cabs) can be expressed after cell replication.

Cabs can be measured as alteration in chromosomal

structure or number in metaphase. Alternatively, mi-

cronuclei frequency can be evaluated in interphase of

proliferant cells as an index of chromosomal damage.

Despite increasing interest in the presence of genotoxic

substances in the water environment, there are no meth-

ods which enable researchers to study genotoxicity

under conditions similar to those in ecosystems. Much

of the published surface water genotoxicity studies have

employed the Salmonella/mutagenicity test. These stud-

ies demonstrated that river and coastal water worldwide

are contaminated with different mixtures of genotoxic

agents [1, 3]. Use of ecological test systems becomes

a necessary condition for creating a scientific basis for

the comparison of risk related to various genotoxic sub-

stances produced by man. Aquatic organisms such as

teleosts and bivalves also have been used as sentinels in

biomonitoring studies of surface waters. Larval stages

of marine mussels and worms were successfully used for

in vivo study of genotoxicity of different compounds [1,

4, 5]. As a freshwater organism, the zebra mussel (Dreis-

sena polymorpha) fulfils the main criteria required from

a sentinel species [6]. In addition, this is an invasive

species of freshwater mussels that has become widely

distributed throughout the world and appears to be an

important organism from an ecological point of view.

Many studies are available on the application of geno-

toxicity tests in zebra mussels [7-11]. The present work
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is the first case of using larval stages of the freshwater

mussel for that purpose.

Materials and Methods

Zebra mussels (Dreissena polymorpha) 1.5-2.5 cm

in length were collected from Wukœniki Lake near Olsz-

tyn, Poland. In the laboratory, the animals were kept in

a cooled and aerated aquarium at 10°C. Animals were

artificially spawned using the 5-hydroxytryptamine

stimulation as described by Ram et al. [12]. The 12h-old

larvae of Dreissena polymorpha were taken for the ex-

periment as described by Jha et al. [4] for Mytilus edulis.

After 12h growth at 20
o
C the larvae suspension was di-

vided into three equal samples 10 ml in volume. Two

concentrations of 3-methylcholanthrene were chosen: 20

ppb and 200 ppb, because of the statistically significant

increase of chromosome aberrations in Mytilus edulis

treated by benzo [a] pyrene in concentrations from 1x10
-

8
M to 1x10

-5
M (from 2.52 ppb to 2520 ppb) [1]. The sol-

vent (0.005% DMSO solution) was used as a control

sample. Pure water control was not used because of the

lack of mutagenicity of the compound used as a solvent

[1, 13]. The exposure period was 6 hours at 20°C. Be-

fore chromosome preparation, the samples were cen-

trifuged (1 minute, 500rpm) and half of the volume of

each sample was discarded (only supernatant). Then the

0.05% solution of colchicine in filtred water from

Wukœniki Lake was added and the final concentration of

the colchicine solution was 0.025%, as described for

Platynereis dumerilli [14]. After 30 minutes of

colchicine treatment the samples were centrifuged (5

minutes, 500rpm) and the hypotonic solution (distilled

water/water from Wukœniki Lake at the ratio 1: 1) was

added to each sample untill the previous volume of 10

ml was obtained. The hypotonization period was 60 min-

utes. Following hypotonic treatment the larvae were

fixed in methanol/acetic acid 3: 1 (Carnoy fixative) and

the chromosome preparations were made as described

by Jha et al.[15].

Metaphase spreads were examined using light micro-

scope at a final magnification of x 1000. All complete

metaphase spreads obtained were analysed (at least 100

per sample).

Chromosome aberrations (CA) were expressed as the

percentage of aberrant cells and total aberrations per sam-

ple. Six to ten microscope slides with metaphases were

analyzed per sample.

Statistical analysis of the differences between sam-

ples was performed by Kruskall-Wallis test at the level

of significance p <0.05 (*).

Results and Discussion

Three types of chromosomal aberrations were ob-

served in Dreissena polymorpha larvae after 3-methyl-

cholanthrene treatment (Figure 1). Based on the analysis

of at least 100 complete metaphase plates per treatment,

the percentage of aberrant cells in the DMSO controls

ranged from 0 to 9% per slide and the frequency of total

aberrations ranged from 0 to 3 per slide. There was a dis-

tinct increase in both the percentage of aberrant cells and

total aberrations for the larval stages of Dreissena poly-

morpha exposed to 3-methylcholanthrene. However, a

statistically significant increase in these parameters was
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Fig. 1. Metaphase plates of Dreissena polymorpha with chro-

mosome aberrations: a) chromosome fragments, b) dicentric

chromosomes, c) chromatide breakes.



noticed only between the higher (200 ppb) concentration

of that compound and the control group (Figs. 2, 3).

Zebra mussel (Dreissena polymorpha) is the only

species of freshwater bivalves with free-living larval

stages. The karyotype of Dreissena polymorpha con-

sists of 32 chromosomes [16, 17]. It is quite suitable for

analysis and scoring chromosome and chromatid aber-

rations. The embryo-larval stages of that species offers

a chance to construct a model for detecting in vivo geno-

toxicity in freshwater habitats, analogous to models de-

scribed by Jha et al. [1, 4, 14] and Hagger et al. [5] on

marine invertebrates (Mytilus edulis and Platynereis

dumerilii). The positive response of Mytilus edulis lar-

vae exposed to benzo [a] pyrene occurred at the concen-

trations between 1x10 
–8

M and 1x10 
–5

M (2.52 ppb to

2520 ppb) [1]. In the zebra mussel, positive effects

could be expected at concentrations higher than 20 ppb.

The benzo [a] pyrene treatment (75 ppb and 750 ppb)

of adult Dreissena polymorpha (and also Anodonta

anatina) specimens showed no statistically significant

differences (analyzed by comet assay – Woznicki, un-

published). In contrast, the Chinese mussel (Anodonta

woodiana) showed significant increase in DNA damage

even at 75 ppb of benzo [a] pyrene exposure [13]. The

significant response of zebra mussel larvae to 3-methyl-

cholanthrene suggested that the embryo-larval stages of

this freshwater species possessed an active cytochrome

P
450

system, as described in larval stages of marine in-

vertebrates [1, 15]. The lack of response to the lower

concentration of the compound suggested that the sen-

sitivity of Dreissena polymorpha larvae is lower than in

the species studied by Jha et al. [1, 15]. Aquatic organ-

isms possess an MXR mechanism which removes from

the cells and organisms both endogenous chemicals and

xenobiotics, including some man-made chemicals [18].

MXR in aquatic organisms represents a general biolog-

ical first-line defence mechanism for protection against

environmental toxins [18]. This mechanism is responsi-

ble for species-specific differences in susceptibility to

environmental genotoxic agents, including PAH. The

present paper shows that the larval stages of Dreissena

polymorpha can respond to high concentrations of 3-

methylcholanthrene, but they are not susceptible

enough to be model organisms in environmental studies

of PAH genotoxicity.
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