Frequency of micronucleated erythrocytes in wild
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The frequency of micronucleated erythrocytes (MNE) was examined in
60 individual fish belonging to five species, captured at five different
places with different levels of water pollution. For a total, 20 perches
(Perca fluviatilis L., Percidae), 4 pike-perches (Stiziostedion lucioperca L.,
Percidae), 19 roaches (Rutilus rutilus L., Cyprinidae), 15 common bre-
ams (Abramis brama L., Cyprinidae), and 2 silver breams (Blicca bjoer-
kna L., Cyprinidae) were analysed. A total of 10,000 mononucleated
erythrocytes were examined for each fish. The frequency of MNE was
dependent on both fish species and capture site. Higher frequencies of
MNE were found at more polluted sites. A comparison of the same
species in different waterbodies and different species in the same water-
body showed that the most sensitive species in our study was perch,
followed by roach and common bream. Thus, analysis of MNE in perch
can be recommended as a suitable method for in situ detection of en-
vironmental genotoxins.
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INTRODUCTION

Pollution of the environment through the release of
various chemical substances is one of the major con-
cerns of modern society. A significant part of these
substances get into surface waters, raising potential
risks to water organisms as well as humans.

Genotoxicity of such contaminated water is well
documented using standard genotoxicity assays in vit-
ro (White et al., 1998; Vahl et al., 1997). In addition,
aquatic species present in a contaminated environ-
ment were examined for the effects of genotoxins in
situ (Reichert et al., 1998; Harvey et al., 1999).

Fish have often been considered as the “senti-
nel” organisms for the health of the water environ-
ment (De L. G. Solbé, 1993), because they are
capable of inhabiting practically all zones of the
aquatic habitat and have a great commercial and
recreational value. No wonder that fish are used
for many purposes of toxicological and ecotoxicolo-
gical research (American..., 1991). It may be con-
venient to extend ecotoxicological studies with fish
by adding some genotoxicological tests. One of the
most popular and promising tests is analysis of mic-
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ronuclei in erythrocytes of fish (for review, see (Al-
Sabti et al., 1995)). This method has frequently be-
en used for in sifu assessing genotoxicity in water.
Although micronuclei may be studied in both mari-
ne and freshwater fish, studies with freshwater fish
are more abundant (Al-Sabti et al., 1995).

Surface waters of Lithuania have been shown to
be contaminated by potential genotoxic compounds —
aromatic hydrocarbons and organochlorine pestici-
des (Ellington et al., 1996; Sabaliiinas et al., 2000).
Genotoxicity in vitro of aquatic pollutants sampled
from several water sources in Lithuania has been
shown as well (Sabaliiinas et al., 2000). Therefore,
it was interesting whether surface waters of Lithua-
nia may be of genotoxic risk to water organisms. To
elucidate this, an in situ study was carried out. Du-
ring this study, the frequency of micronucleated ery-
throcytes was examined in fish captured at five dif-
ferent places probably representing different levels
of water contamination.

MATERIALS AND METHODS
Study locations

Six locations in Lithuania were selected for the stu-
dy: (1) at the upper part of the Nemunas River
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near to the tributary Juodoji Ancia, (2) at the mid-
dle part of the Nemunas River near the tributary
Verkné, (3) at the Curonian Bay near the Nemunas
River outfall, (4) at Lake Ginkiinai near the Siau-
liai city, (5) at the Svedé pond located in Siauliai
district, and (6) the Bubliai pond near the Keédai-
niai town.

Although the Nemunas River is the biggest one
in Lithuania accumulating pollutants from the enti-
re Southern Lithuania, the first study site is located
in a relatively clean part with no industry and non-
intensive agriculture.

The second study site is located in a rural re-
gion of Lithuania with some health-resort settlements
upstream.

The third study site is located near the outfall
of the Nemunas River with a lot of industrial towns
upstream.

Near the fourth study site — Lake Ginkiinai — a
big tannery is operating. The lake is also flowed by
the Kulpé River — one of the most polluted rivers
in Lithuania (Lithuanian..., 1999). Most of the Kul-
p¢ water flow is formed of the municipal and in-
dustrial wastewater discharge of the Siauliai city re-
ceiving a very limited treatment.

The fifth study site — the pond Svedé — is loca-
ted near the rubbish dump of the Siauliai city and
neighboring settlements.

The Bubliai pond is the sixth study location si-
tuated near the Kédainiai town. This pond is aboun-
ding in fish and supposed to be unpolluted.

Fish

Sixty individual fish belonging to five species were
captured using nets during the years 1999-2000. For
a total, 20 perches (Perca fluviatilis L., Percidae), 4
pike-perches (Stiziostedion lucioperca L., Percidae),
19 roaches (Rutilus rutilus L., Cyprinidae), 15 com-
mon breams (Abramis brama L., Cyprinidae), and 2
silver breams (Blicca bjoerkna L., Cyprinidae) were
captured and analyzed for the frequency of micro-
nucleated erythrocytes.

Micronucleus tests

A drop of blood from the caudal vessels was di-
rectly smeared on slides and air-dried. After fixa-
tion in methanol for 10 min, the slides were stained
with 10% Giemsa solution for 8 min, rinsed with
distilled water and dried.

The frequency of micronucleated erythrocytes was
evaluated by scoring at a 1000x magnification. A
total of 10,000 mononucleated erythrocytes were exa-
mined for each fish. Only cells with intact cellular
and nuclear membrane were scored. Round or
ovoid-shaped non-refractory particles with the co-
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lour and structure similar to chromatin, with a dia-
meter 1/3-1/50 of the main nucleus and clearly de-
tached from it were interpreted as micronuclei
(MN). The mean frequency of micronucleated eryt-
hrocytes (MNE) expressed as the number of MNE
per 1000 erythrocytes (%o) was calculated for each
species and study location.

Statistical analysis

Statistical analysis was performed by means of ana-
lysis of variance (ANOVA). Before the analysis,
MNE frequency was a mean square root transformed

(Y= 05[\/Y +4/X +1] ,where X is the frequency
of MNE per 10,000 erythrocytes and Y is the trans-
formed quantity). Such transformation was effective
in normalizing the distribution and stabilizing the
dispersion (data not shown).

RESULTS AND DISCUSSION

Pooled frequencies of micronucleated erythrocytes
(MNE) in fish captured at different locations were:
in silver bream — 0.05 * 0.05%o0 (range 0-0.1%o),
in common bream - 0.09 * 0.03%o (range 0-0.3%o0),
in pike-perch — 0.18 = 0.06%o0 (range 0-0.3%o0), in
roach — 0.19 %= 0.05%0 (range 0-0.7%o0), and in
perch — 0.36 * 0.07%o0 (range 0-1.2%o0). The diffe-
rences in MNE frequency among different species
are statistically significant at a significance level P <
< 0.01. These differences, however, cannot be sole-
ly explained by inter-species variation, because the
mean frequency of MNE is also different (P < 0.01)
among the study locations (Table 1).

The lowest frequency of MNE was found in fish
captured at the Upper Nemunas and the highest
frequency in fish captured in the pond Svedé. Inc-
reased frequencies of MNE were found in the Mid-
dle Nemunas and in the Curonian Bay near the
Nemunas outfall as compared to the Upper Nemu-
nas. The frequency of MNE in the Curonian Bay
(0.12 % 0.04%o0) was slightly lower than in the Mid-
dle Nemunas (0.17 + 0.05%o). Such a result, how-
ever, may be due to a low MNE frequency in com-
mon bream (0.06 + 0.03%o) captured in the Curo-
nian Bay. If only results of MNE analysis in roach
(which was present in all free locations related to
the Nemunas River) are taken into account, a clear
increase in the frequency of MNE is seen along the
river’s length (Fig. 1). In general, there was quite
an obvious relation among the frequencies of MNE
in different species captured in different locations:
in Lake Ginkiinai and pond Svedé all species tended
to have a higher frequency of MNE as compared
to the Upper or Middle Nemunas.
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Table 1. Frequency of micronucleated erythrocytes (MNE) in fish captured at different sites of natural water bodies

Place and date Speci Number of Frequency of MNE, Mean frequency of MNE,
of fish capture pecies individuals %0 * SEM %0 * SEM
The Upper Perca fluviatilis L. 1 0 0.05 = 0.03
Nemunas, Rutilus rutilus L. 3 0.06 = 0.06
07/20/99 Blicca bjoerkna L. 2 0.05 = 0.05
The Middle Perca fluviatilis L. 2 0.30 = 0.00 0.17 = 0.05
Nemunas, Rutilus rutilus L. 4 0.10 = 0.04
07/22/99
Kursiy Bay, Rutilus rutilus L. 2 025 = 0.25 0.12 = 0.04
11/08/99 Abramis brama L. 8 0.06 = 0.03
Stizostedion lucioperca L. 4 0.18 = 0.06
Lake Perca fluviatilis L. 5 0.38 = 0.09 0.24 = 0.06
Ginkiinai, Rutilus rutilus L. 3 0.27 = 0.21
01/10/99 Abramis brama L. 7 0.13 = 0.04
Pond Svedé, Perca fluviatilis L. 6 0.63 = 0.14 051 = 0.1
14/10/99 Rutilus rutilus L. 4 033 = 0.13
Pond Bubliai, Perca fluviatilis L. 6 0.17 = 0.04 0.11 = 0.04
18/08/00 Rutilus rutilus L. 3 0
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Fig. 1. Frequency of micronucleated erythrocytes (MNE)
in blood smears of roach (Rutilus rutilus L.) captured at
different sites of the Nemunas River: I = the Upper
Nemunas, 2 — the Middle Nemunas, 3 — the Curonian
Bay near the Nemunas outfall

Two fish species — perch and roach - were
captured in five out of six study locations. These
two species (perch and roach) and five locations

Fig. 2. Comparison of the frequency of micronucleated
erythrocytes (MNE) in perch (Perca fluviatialis L.) and
roach (Rutilus rutilus L.) captured at different water bo-
dies. Capture sites are arranged in the order of increasing
MNE frequency

(the Upper Nemunas, the Middle Nemunas, Lake
Ginkiinai, pond Svedé and pond Bubliai) were se-
lected for the analysis of variance in order to
find out what variables were significant for
the frequency of MNE. Results of the ana-

four different locations

Table 2. Results of analysis of variance of mean square root
transformed frequency of micronucleated erythrocytes in perch
(Perca fluviatilis L.) and roach (Rutilus rutilus L.) captured at

lysis are shown in Table 2. It may be
concluded that both the species (P =
= (0.0025) and the site of fish capture
(P =0.007) significantly contributed to the

Source of df | Sum of Mean | F ratio P variation of MNE frequency observed in
variability squares square the present study. The frequency of MNE
Main efects: in perch was almost systematically higher
Site of capture 4 8.896 21256 641 0007 | than in roach (Fig. 2). The highest diffe-
Species 1 3.5896 35896  10.82 0.0025| rence between these two species was seen
Residual 31 10.2869 0.3318 in the Svedé pond where the highest fre-
Total (corrected) 36 23.6288 quencies of MNE were found.
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Our results indicate that the micronucleus test
in fish can be used for detection of genotoxic pol-
lution in natural water bodies. This is in general
agreement with earlier and more recent findings of
other researchers (Hose et al., 1987; Minissi et al.,
1996; Ayllon et al., 2000). Increased frequencies of
MNE in fish captured at certain locations (the Cu-
ronian Bay, Lake Ginkiinai and the Svedé pond)
also indicate that some Lithuanian waterbodies or
their certain parts can be contaminated with geno-
toxic substances. Previous reports indicating the pre-
sence of dangerous substances in Lithuanian surfa-
ce waters and their genotoxicity in vitro (Ellington
et al., 1987; Sabaliiinas et al., 2000) also substantia-
te this conclusion.

It has previously been recommended that for in
situ studies all fish be sampled from all locations on
approximately the same date (Al-Sabti et al., 1995).
This term was violated in our study, because fish
from the Curonian Bay, Lake Ginkiinai and the Sve-
dé pond were captured 3—-4 months later than from
the Upper and Middle Nemunas. However, it is
hardly probable that these differences in fish captu-
re time could exert a significant influence on the
results of our study. First, there was almost a three-
fold increase in the frequency of MNE in the Middle
Nemunas as compared to the Upper Nemunas, al-
though fish in both locations were captured practi-
cally at the same time. Second, in an extensive stu-
dy with barbel (Barbus plebejus) from two Italian
rivers no significant seasonal differences were ob-
served (Minissi et al., 1996).

According to the literature data (Al-Sabti et al.,
1995), the spontaneous frequency of MN in control
(untreated or captured in clean water body) fish
varied from 0 to 15.8%o. The frequency of MNE in
fish from the cleanest site in our study — the Upper
Nemunas — was 0.05 £ 0.03%o. This frequency cor-
responds to the lowest spontaneous frequency so
far reported in the field studies (Minissi et al., 1996).
Interestingly, in one study performed in Estonia,
which is geographically quite close to Lithuania,
about tenfold higher frequencies of MN were re-
ported for the same species as in our study (perch,
roach and bream) captured in the cleanest “refe-
rence” water bodies (Palm et al., 1995). However, a
direct comparison of MN frequency in fish from
Estonia and Lithuania is impossible because of the
lack of precise data on the real levels of pollution
at study locations.

A comparison of the same species in different
waterbodies and different species in the same wa-
terbody showed that the most sensitive species in
our study was perch, followed by roach. It may be
deduced that common bream is less sensitive to pol-
lution than roach, but the data are too flimsy. The
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high sensivity of perch to genotoxic pollutants has
also been reported in some other studies (Palm et
al., 1995; Al-Sabti et al., 1990). Thus, analysis of
MNE in perch can be recommended as a suitable
method for in situ detection of environmental geno-
toxins. The difference in the sensivity of fish spe-
cies to MN induction could be explained by their
feeding peculiarities: perch feeds on smaller fish,
common bream mainly on chironomid and other in-
sect larvae, while roach feeds on Dreissena mussels.
A similar conclusion was made by Hose et al. (Hose
et al., 1987) when comparing the sensivity of two
fish species (Paralabrax clathratus and Genyonemus
lineatus) from Southern California. Alternatively,
other researchers claimed that variability in sensivi-
ty to the induction of MN among fish species is not
always in accordance with the stage on the trophic
food web (Al-Sabti et al., 1990). This is not surpri-
sing, since not only feeding but also metabolism dif-
ferences can exist among different species. It is ob-
vious that this point should be clarified by further
more extensive studies.

References

1. Al-Sabti K., Hardig J. Micronucleus test in fish for
monitoring the genotoxic effects of industrial waste
products in the Baltic Sea, Sweden. Comp. Biochem.
Physiol. 1990. Vol. 97C. P. 179-182.

2. Al-Sabti K., Metcalfe C. D. Fish micronuclei for as-
sessing genotoxicity in water. Mutat. Res. 1995. Vol.
343. P. 121-135.

3. American Society for Testing and Materials (ASTM).
1991 Annual Book of ASTM Standards. Section 11:
Water and Environmental Technology. Volume 11.04
Pesticides: Resource Recovery; Hazardous Substances
and Oil Spill Responses; Waste Disposal; Biological
Effects. 1991. P. 1334.

4. Ayllén F, Suciu R., Gephard S., Juanes F., Garcia-
Vazquez E. Conventional armament wastes induce mic-
ronuclei in wild brown trout Salmo trutta. Mutat. Res.
2000. Vol. 470. P. 169-176.

5. De L. G. Solbé, J. F. Freshwater fish. In: P. Calow
(Ed.). Handbook of Ecotoxicology. Vol. 1. Blackwell
Scientific Publications, Oxford, 1993. P. 66-82.

6. Ellington J. J., Thurston R. V., §ukyté J., Kvietkus K.
Hazardous chemicals in surface water of Lithuania.
Trends Analyt. Chem. 1996. Vol. 15. P. 215-224.

7. Harvey J. S., Lyons B. P, Page T S., Stewart C,
Parry J. M. An assessment of the genotoxic impact of
the Sea Empress oil spill by the measurement of DNA
adduct levels in selected invertebrate and vertebrate
species. Mutat. Res. 1999. Vol. 441. P. 103-114.

8. Hose J. E., Cross J. N., Smith S. G., Diehl D. Ele-
vated circulating erythrocyte micronuclei in fishes from
contaminated sites of Southern California. Marine En-
viron. Res. 1987. Vol. 22. P. 167-176.



Frequency of micronucleated erythrocytes in wild fish from natural freshwater bodies

10.

11.

12.

13.

14.

15.

. Lithuanian Environmental Protection Ministry. Chro-

nicle of River Water Quality in Lithuania for the Year
1998. Vilnius, 1999 (in Lithuanian).

Minissi S., Ciccotti E., Rizzoni M. Micronucleus test
in erythrocytes of Barbus plebeius (Teleostei, Pisces)
from two natural environments: a bioassay for the in
situ detection of mutagens in freshwater. Mutat. Res.
1996. Vol. 367. P. 245-251.

Palm A., Krause T. Micronucleated erythrocytes in
fish from several Estonian waterbodies. Proc. Esto-
nian Acad. Sci. Biol. 1995. Vol. 44. P. 69-77.
Reichert W. L., Myers M. S., Peck-Miller K., French
B., Anulacion B. E, Collier T. K., Stein J. E., Vara-
nasi U. Molecular epizootiology of genotoxic events
in marine fish: linking contaminant exposure, DNA
damage, and tissue-level alterations. Mutat. Res. 1998.
Vol. 411. P. 215-225.

Sabalitnas D., Lazutka J. R., Sabalitiniené 1. Acute
toxicity and genotoxicity of aquatic hydrophobic pol-
lutants sampled with semipermeable membrane devi-
ces. Environ. Pollut. 2000. Vol. 109. P. 251-265.
Vahl H. H., Karbe L., Westendorf J. Genotoxicity as-
sessment of suspended particulate matter in the Elbe
River: comparison of Salmonella microsome test, ara-
binosine resistance test, and umu-test. Mutat. Res.
1997. Vol. 394. P. 81-93.

White P. A., Rasmussen J. B. The genotoxic hazards
of domestic wastes in surface waters. Mutat. Res. 1998.
Vol. 410. P. 223-236.

Edvardas Bagdonas, Egidijus Bukelskis,
Juozas R. Lazutka

LIETUVOS VANDENS TELKINIU GENOTOKSIKO-
LOGINIAI TYRIMAI, TAIKANT ZUVU ERITROCITU
MIKROBRANDUOLIU METODA

Santrauka

1999-2000 m. buvo atlickami Lietuvos vidaus vandens tel-
kiniy genotoksikologiniai tyrimai Zuvy eritrocity mikro-
branduoliy metodu. Tyrimams buvo pasirinktos 6 vietos.
I8 viso iStirta 60 Zuvy (5 rasys).

Tirty vandens telkiniy genotoksiSkumo lygis buvo jver-
tintas apskaiCiavus bendra eritrocity su mikrobranduoliais
(EMB) daznj atskirai kiekvienam telkiniui. Transformuotos
eritrocity su mikrobranduoliais (TEMB) reikSmés panaudo-
tos dispersinei analizei. Siai analizei buvo pasirinktos pen-
kios vietos (Nemunas ties J. Anc¢ia, Nemunas ties Verkne,
Ginkiiny ez., Svedés tv., Bubliy tv.) bei dvi zuvy rsys, t. y.
eSerys (Perca fluviatilis L.) ir kuoja (Rutilus rutilus L.), ku-
rios sugautos kiekvienoje i§ minéty viety. Gauti duomenys
rodo patikima skirtuma tiek tarp viety (P = 0,007), tiek
tarp abiejy tirty rasiy (P = 0,0025). I§ gauty duomeny ma-
tyti, jog Zemiausias EMB daZnis yra Nemune ties J. Ancia
(0,05%0), o auksciausias — Svedés tvenkinyje (0,42%o). Taip
pat pastebeéta, kad auksciausi EMB dazniai yra eSerio (jaut-
riausia rusis), antroje vietoje — kuoja. Palyginus eSeriy ir kuo-
ju EMB vidutines reikSmes (ty telkiniy, kuriuose sugautos
abiejy rusiy Zuvys), galima pamatyti tokia tendencija — eSe-
riy EMB reikSmés yra sistemingai didesnés nei kuojy.

Raktazodziai: mikrobranduoliai, genotoksiSkumas, ge-
lavandenes Zuvys, eSerys, kuoja, karSis
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