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The strong negative anthropogenic pressure on the River Bregalnica resulted in the increase of pollution in the river 
ecosystem. The aim of this study was to evaluate if aquatic pollutants generate genotoxic effects in barbel (Barbus peloponnesius). 
Thirty individuals were collected from three localities along the river: one control site and two locations in the middle and lower 
course of the river with the presence of different pollution sources. Blood smears were stained with May-Grünwald/Giemsa
method and the frequency of micronuclei, vacuolated nuclei, binuclei, blebbed nuclei and notched nuclei expressed in per mill 
was recorded. In fish collected from the control site, the investigated erythrocyte nuclear abnormalities revealed lowest values 
compared to polluted sites. In general, significantly higher values for erythrocyte deformations, including micronuclei, were 
noted in the middle and lower part of the river.  Significantly higher values of vacuolated and blebbed nuclei were detected in 
fish from the middle course of the river, while at the lower course the frequencies of occurrence of micronuclei and notched 
nuclei were significant compared with control site. The middle course of the River Bregalnica has more diverse pollutants 
compared to the lower course, and consequently the highest frequency of all nuclear deformations was found in barbel from 
the middle course of the river. Obtained results suggest that pollutants draining into the Bregalnica river ecosystem display a 
genotoxic effect on the local barbel population.  
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INTRODUCTION

Since the first description of the morphological 
nuclear alterations in fish erythrocytes (1), a number 
of papers published during the past decades reported 
the appearance of erythrocyte nuclear abnormalities 
in fish (2, 3). These modifications of the shape and 
dimension of the nucleus lead to genetic instability, 
cell dysfunction and/or cell death (4, 5). Although 
these changes can occur naturally, it is proposed 
that pollutants can cause a manifold increase in 
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incidence of nuclear anomalies. One of the methods 
of studying genotoxic effects of different mutagens 
on the living organisms is the detection of frequency 
of micronuclei (MN) which is often used in studies 
of teleost fish (6). Other most commonly noted 
nuclear abnormalities caused by genotoxins are 
vacuolated nucleus (VN), binucleus (BiN), notched 
nucleus (NotchN) and blebbed nucleus (BlebN) 
(2, 3).

Fish are shown to be excellent subjects for 
detection of potential mutagenic and/or carcinogenic 
effects of contaminants in water, because they 
can metabolize, concentrate and store different 
pollutants. This makes them a good model organism 
for experimenting with potential toxins that can 
influence humans, as well (7). In general, changes 
in fish will reflect the changes in the environment 
because of their sensitivity to low concentrations 
of genotoxins (8). In addition, as top predators, fish 
will accumulate even higher amounts of genotoxins 
when feeding on other organisms that have 
consumed the pollutant, thereby being an indicator 
of the shape of whole ecosystem (9).
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The river Bregalnica is situated in the eastern 
part of the Republic of Macedonia and represents 
the main water resource for all water-related 
activities (from irrigation to drinking water supply) 
in that region. Recent studies have revealed 
intensive negative anthropogenic pressure on the 
river, resulting in high water pollution (10, 11). 
Uncontrolled discharge of polluted waters into the 
river, directly or indirectly, threatens the ecosystem 
health. Examination of the exposed wildlife is 
necessary for the early detection of environmental 
damage and prediction about the potential human 
health risks.

Considering the increasing pollution trend of the 
river Bregalnica, especially in its middle and lower 
stretches, the aim of this study was to examine 
whether pollutants that are released in this river can 
generate genotoxic changes such as micronuclei 
and erythrocyte nuclear abnormalities in local 
barbel (Barbus peloponnesius, Valenciennes, 1842) 
population.

MATERIAL AND METHODS

Fish were collected from three localities along the 
Bregalnica River (Figure 1), during the period from 
October 2007 to September 2008. The locations were 
selected based on the presence of different pollution 

sources determined in previous studies on the river 
Bregalnica (11, 12, 13,). For a referent – control 
site (Site R), a locality near the town of Berovo was 
chosen (22°51’27,9’’E, 41°41’59,8’’N), because 
of an absence of urban, industrial and agricultural 
influences. The second locality (Site A) was near 
the village of Teranci in the middle course of the 
River Bregalnica (22°20’58,5’’E,41°51’45,4’’N). 
Site A has an influx of pollutants from agricultural 
activities, untreated communal wastewaters from 
the town of Kočani, and metal pollution from the 
nearby active zink and lead mine (Zletovo) via its 
tributary – the River Zletovska (13). In this locality, 
toxic substances enter the River Bregalnica directly 
through surface runoffs and indirectly through the 
River Zletovska. The third chosen locality (Site 
B) was near the town of Štip (22°10’27,0’’E, 
41°43’55,0’’N), where contamination by untreated 
communal and chemically burdened wastewater 
from the textile industry was noted (12).

From each of localities, thirty barbel were 
collected with electro-fishing, covering a distance of 
nearly 1000 m downstream from the chosen points. 
Blood samples were taken from the caudal vein 
with heparinized 2.5ml sterile plastic syringes and 
needles from 0.45 mm x 16 mm (27G x 5/8 inches) 
to 0.8 mm x 40 mm (21G x 1.5 inches). Promptly 
after the collection, blood smears were made (5 
slides per fish), air-dried and fixed 10 minutes in 

Figure 1. Map of Republic of Macedonia. The studied region in Eastern Macedonia 
is indicated. Letters correspond to the sample sites along the course of Bregalnica River: 
R – Control Site; A - Site A; B - Site B

Ivanova L. et al.
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methanol. The blood smears were afterward stained 
with May-Grünwald/Giemsa (MGG) method, 
modified according to Strunjak-Perovic et al. 
(14). On each slide, areas with uniform spread in 
monolayer without overlapping cells were targeted. 
From each slide 20 fields were analyzed (total - 100 
fields per fish) at a magnification of 1000x, chosen 
by systematic random sampling method. Total 
number of analysed erythrocytes per fish varied 
from 8000-10000, depending on the density of 
cells distribution on the smear. Analyses consisted 
of detection and count of barbel’s erythrocyte MN, 
VN, BiN, NotchN and BlebN classified according 
to Carrasco et al. (1). Frequency of each nuclear 
anomaly was calculated relative to the total count of 
erythrocytes for each fish. All results were presented 
in per mill. 

The obtained results are presented as mean 
values accompanied with coefficient of variation 
(CV = SD / mean). Software STATISTICA 7.0 for 
Windows was used for the statistical analysis. One-
way ANOVA, followed by post-hoc Newman-Keuls 
test were used for testing the effect of locality on 
the measuring parameters. Results were considered 
significant for probabilities greater than 95% 
(p < 0.05). 

RESULTS

The frequency of MN (Table 1, Fig. 2a) showed 
lowest value in the control site (Site R), compared 
to the other two sites, while this parameter was 
significantly greater in Site B in comparison with 
the Sites R and A (Fig. 3a). 

Values with different lowercase superscript 
letters in the same column represent significant 
differences (p<0.05) between sampling sites, 
according to the ANOVA followed by post-hoc 
Newman-Keuls test.

 MN (‰) VN (‰) BiN (‰) BlebN (‰) NotchN (‰) TotalN (‰)

Locality

Site R 7,27 (0,91)a 9,70 (0,62)a 0,33 (0,71) 28,47 (0,91)a 1,35 (0,44)a 4,71 (0,23)a

Site A 12,09 (0,40)a 31,75 (0,44)b 0,93 (1,37) 62,75 (0,72)b 1,80 (0,38)ab 11,01 (0,17)b

Site B 22,31 (0,47)b 16,85 (0,48)a 2,12 (2,01) 28,18 (0,59)ab 2,62 (0,53)b 9,05 (0,21)a

Table 1. Frequency of  barbel micronuclei* (MN), vacuolated nuclei (VN), binuclei (BiN), blebbed nuclei (BlebN) 
and notched nuclei (NotchN), expressed as permiles from the Site R, Site A and Site B

 * Values are expressed as mean (coefficient of variation)

The highest and significant frequency values for 
the VN and BlebN were recorded in Site A (Table 
1, Fig. 2b and 2d), compared to the other two sites 
(Fig. 3b; 3d). Concerning the BlebN, almost equal 
frequencies were recorded in Sites R and B. On 
the other hand, the frequency of NotchN (Fig. 2e) 
revealed significantly higher values in fish collected 
in Site B (Table 1), compared to the other two 
locations (Fig. 3e).

The only parameter that did not show significant 
difference between investigated localities was BiN 
(Fig. 2c, Fig. 3c), in spite of  the three-fold increased 
frequency of fluctuation in Site A (0.93 ‰) and 
six-fold increase in Site B (2.12 ‰), compared to 
the control Site R (0.33 ‰) (Table 1).

The analysis of all nuclear abnormalities 
(TotalN) showed the lowest value in Site R and 
the highest value in Site A, which was significant 
compared to values in Sites R and B. (Fig. 3f).

In general, the Coefficient of Variation showed 
extremely high variability for all examined 
parameters. Minimal biological variation was 
noticed for MN in Site A (0,40) and maximal for 
BiN in Site B (2,01) (Table 1). 

DISCUSSION

River Bregalnica has been intensively monitored 
in the past decade, and some researches revealed 
high water pollution, especially in Site A, where 
a complex mixture of pollutants derived from 
household wastewater, heavy metals from the 
nearby Zletovo mine and pesticides and fertilizers 
from agricultural activities admixes (12, 15). The 
results of this study showed the highest TotalN 
and a two- and three-fold higher VN and BlebN 
frequencies in fish from Site A, probably caused by 
the mixture of pollutants. Namely, literature data 
showed that synergistic effect of pollutants is more 
deleterious than their isolated influence (16). 

Erythrocytes nuclear abnormalities from barbel Barbus peloponnesius revealing river genotoxic pollution 
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Compared to the Site R, although MN was 
not the highest at this point (Site A), we have 
recorded extremely higher frequencies of VN and 
BlebN, which are considered as predecessor for 
MN (17, 18). Although the etiology of VN is not 
known, some authors suggest that it is a result of 
aneuploidy leading to micronuclei (18). Verstraeten 
et al. (19) described donut-shaped nuclei induced 
by genotoxins formed due to de-condensation of 
chromatin in late mitosis. In their study (19), the 
described donut-shaped nuclei exhibited defects in 
karyokinesis, aneuploidy and often multinucleation. 
These defects are in accordance with the proposed 

Figure 2. Light micrograph of the blood smear of a 
barbel shows micronuclei (2a), vacuolated nuclei (2b), 
binuclei (2c), blebbed nuclei (2d) and notched nuclei (2e)

association of VN, as aneuploidies that lead to MN 
by Anbumani and Mohankumar (18). Although 
there is no clear support yet, we presume that both 
VN and the donut-shaped nuclei might have similar 
mechanism of formation. If we presume that VN is 
analogous to the donut-shaped nuclei described by 
Verstraeten et al. (19), the results from our study, 
i.e. the high frequency of VN would lead to a 
conclusion of the presence of genotoxic substances 
into the water of Site A. However, this cannot be 
confirmed without further investigation.

BlebN whose frequencies are also extremely 
high in Site A is described as a mechanism of 

Ivanova L. et al.
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Figure 3. Changes in the frequency of the a) micronuclei – MN; b) vacuolated nuclei – VN; c) binuclei – BiN; 
d) blebbed nuclei – BlebN; e) notched nuclei - NotchN and f) total nuclear deformations – TotalN sampled from the 
selected sites. The data are expressed as mean, and vertical bars denote a 0.95 confidence interval

the cell to cope with excess chromatin that will 
become MN and then expelled from the cell as 
double minute - DM (17). Acute exposure causes 
significant damage that could induce apoptosis as 
opposed to chronic exposure that leaves a time to 
adapt and repair damage (18). It is possible that a 
prolonged exposure of barbel to pollution in this 
site leads to activation of certain mechanisms, e.g., 
a nuclear budding for removing excess chromatin, 

which could explain the extremely high frequency 
of BlebN.

Although we already noticed insignificantly 
higher MN frequencies in Site A compared with Site 
R, we should take into account that MN circulation 
frequencies caused by different pollutants are dose, 
time and species dependent, reaching different 
peak-time, while after a prolonged exposure their 
frequencies decline (20, 21). Thus, in experiments 

Erythrocytes nuclear abnormalities from barbel Barbus peloponnesius revealing river genotoxic pollution 
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with different concentrations of cadmium as 
genotoxin, the frequency of blood erythrocytes 
MN in Nile tilapia (Oreochromis niloticus) 
appears to have a peak at the fourth day and then 
decrease gradually, starting from the sixth day 
from the treatment (21). Experiments with higher 
concentrations of elemental or metallic mercury 
showed significant increase in MN frequencies in 
peripheral erythrocytes of Cyprinus carpio, which 
was higher after 31 days of exposure, followed by 
slight stabilization and gradual decrease (20).

Nepomuceno and Spanó (22) showed 
that exposure of Cyprinus carpio to different 
concentrations of pesticides induced MN formation 
in the blood erythrocytes in the first 24h, except 
for the highest concentration where highest MN 
frequencies were observed at 48h. According to 
these authors, this is a result of cell death at high 
concentration in the first 24h, which masked the 
appearance of MN. However, decrease of the 
MN frequencies after prolonged time might be a 
defensive mechanism/adaptation that stabilizes MN 
and nuclear abnormalities frequency due to removal 
of the damaged cells (20). Moreover, increased 
erythropoiesis can dilute or mask the number of MN 
and cell cycle and maturation time should be taken 
into account (23). In that line, insignificantly higher 
frequency of MN recorded in Site A compared 
with Site R, suggests that in this site genotoxic 
influence is prolonged. Prolonged exposure may 
allow decreasing of MN frequency by the removal 
of dying out or defective cells from circulation. 

Highest frequency of MN, BiN and NotchN 
were observed in Site B. The frequency of MN was 
significantly higher compared with other two sites, 
while the frequency of NotchN was significantly 
higher compared with the Site R. Although BiN 
frequency in fish from the Site B was twice bigger 
than frequency of this parameter in Site R, those 
differences were not significant probably due to big 
inter-individual variation observed for this nuclear 
abnormality. In Site B organic pollution and many 
detergent surfactants from the household wastewater, 
as well as textile industry wastewater are fl oweing 
into the river without pretreatment (11, 12). Urban 
wastewater is a complex mixture that is responsible 
for multiple effects in fish including genotoxic 
effects (24). Field based investigations with native 
fish populations (25) and in situ cage exposure (26) 
in river sectors after big cities, where the water 
quality deteriorates, revealed significantly increased 
MN frequencies. Only one specific stressor does 
not influence formation of MN and other nuclear 
abnormalities; it is rather multifactorial (14). In 
this vein, organic contaminants in the sediments 
have stronger genotoxic potency than heavy metals, 
while the presence of both heavy metals and organic 

pollutants can decrease the overall genotoxic effects 
(27). Although textile industry wastewater could 
be a source of copper, chromium and nickel (28), 
metal toxic effects on barbel in the Site B is less 
expected than in the Site A. This is a result of the 
reduced bioavailability of metals which in this type 
of wastewater appear in form of complexes (28). 
Thus, we can assume that organic pollutants may 
have stronger genotoxic influence resulting with 
higher MN frequency in Site B. 

CONCLUSION

Although the MN and other nuclear 
abnormalities revealed different pattern of variation 
along the river flow, the lowest values for all 
measured parameters were observed in the Site R. In 
general, significantly higher values for erythrocyte 
deformations, including MN noted in the middle 
and lower part of the river showed pollution burden 
of this water ecosystem. The results of this study 
suggest that all toxic materials that finally end into the 
river display genotoxic effect on aquatic organisms. 
Frequencies of MN and nuclear abnormalities 
may vary, depending on type of pollutants, their 
combination and time of exposure. The presence 
of MN and nuclear abnormalities should be taken 
as an early warning sign for the current status 
of this ecosystem concerning genotoxicity. The 
pollution pressure on the ecosystem by genotoxins 
should be controlled, in order to avoid reduction of 
reproductive potential and decrease in size of barbel 
population. This study provides a scientific basis for 
future investigations regarding the genotoxicity in 
the River Bregalnica ecosystem. 
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