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Changes in fish macrophage aggregate centres (MACs) are a useful indicator of environmental stress. In this
study we evaluated stereologically the values of these cells in the polluted sites compared to the clean site in the River
Bregalnica. MACs aggregates were randomly distributed in spleen and often showed irregular form. Dominant pig-
ment in them was hemosiderin. Relative volume of MACs aggregates showed significant higher value in brook barbel
from polluted site. Total volume showed the same pattern, but differences were not significant. Our data confirm that
increase in MACs aggregates may serve as to warn on potential pollution in aquatic ecosystems. However, the pre-
caution is strongly suggested, as results were based on quantitative approach.
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INTRODUCTION

The environmental pollution presents a
worldwide problem. According to some research in
developed countries, 90% of waste waters are un-
treatedly discharged directly into the open water
[1]. This problem is present in undeveloped coun-
ties as well. Persistence of toxic materials in aquat-
ic ecosystems results in increased frequency of the
infections, parasites and lesions in aquatic organ-
isms, including fish [2—5]. This harmful effects are
also manifested through negative influence of the
toxic material upon MAC:s activity as well as on the
whole immune system [6—8].

Pigmented MACs in fishes can be found in
spleen, kidney and to a less extent in liver [9]. Num-
ber, size and pigment composition of MACs depend
on various internal, i.e., endogenous factors [10—13].
Pigmented MACs also depend on the exogenous
factors, namely on the presence of toxic materials in
the environment [14, 16-18]. Most of the studies
which investigated the influence of MACs on the
environment in nature were qualitative [13].

Taking into account that MACs aggregates
were good bioindicators for determination of the
anthropogenous impact on environment and fish
health [16], the present study aimed to investigate
pigmented MACs aggregates in the brook barbell
Barbus cf. peloponnesius spleen along the river of
Bregalnica, both in a clean location, which was a
reference site, and in the polluted ones. Stereologi-
cally (quantitatively) the amount of pigmented
MAC:s, relative and total volume, in the selected
organ was to be determined.

MATERIAL AND METHODS

Samples of brook barbel (Barbus peloponne-
sius, Valenciaennes, 1844) were collected from
three locations in the River Bregalnica; the up-
stream, reference site (R site), which does not re-
ceive anthropogenic effluents; the site in the middle
part of the river (site A), which is under the strong
pollution from aquaculture and mining industry;
and the site in the downstream stretch (site B),
which is mainly under sewage and household water
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discharges. The map and detail description of the
sampling area were already published by Ivanova et
al. [19]. In total, 648 fish samples were collected by
electro fishing (electro fisher Samus 725G) from all
three localities according to CEN EN 14011, 2003
standard. After the capture, the fishes were trans-
ported from sampling sites to the field laboratory.
The animals were sacrificed by severing the spinal
cord, the dissection was made and spleen was re-
moved, measured for weight and fixed in Bouin’s
fixative for 48 hours. For analysis, the sampled
pieces were routinely processed and embedded into
paraffin. From each piece serial sections (5 pm
thick) were taken, picking some of them for analysis
by a systematic random sampling approach, so to
obtain a representative final set of slides (about five
per spleen). Sections were stained with Perl’s meth-
od [20].

From each section, approximately ten sys-
tematically sampled fields were observed and quan-
tified at a final magnification of 400%, with the first
field being randomly selected. In average, 50 fields
per spleen were systematically selected and studied.
A classical unbiased stereological technique based
on manual point counting [21] was used to estimate
the relative volume of the MACs (expressed as per-
centage) within the organ, according to the follow-
ing formula:

Vv (structure, reference) = VV(s, r)
= [P(s) x 100] + P(r),

in which Vs, 1) is the percentage of the total vol-
ume of a reference space occupied by one particular
given structure within that space, P(s) is the total
number of test points lying over the reference space
(in this study spleen tissue), and P(r) is the total
number of points falling over a particular structural
component. Point counting was directly made on a
microscope, and for that a square lattice glass grid
with 180 points was inserted into the left ocular.
The total volume was calculated according to the
following formula:

V(structure) = Vv (structure, reference)
x V (reference)

Data were presented as group means of indi-
vidual fish values, accompanied with the Coeffi-
cient of Variation (CV = SD/mean). Statistical
analyses were made using the software Statistica
7.0 for Windows. Data were analyzed by ANOVA
and whenever ANOVA disclosed significant results
the post-hoc Tukey test was performed. Differences
were considered as significant at p<0.05.

RESULTS AND DISCUSSION

Pigmented MACs aggregates were randomly
distributed through the spleen tissue in examined
brook barbel (Figure 1). The main pigment inside
them was hemosiderin alone (Figure 1b), or some-
times in association with lipofuscin/ceroid. The
melanin was almost absent. Such a distribution of
the pigment in brook barbel spleen was in accord-
ance with the data of the other authors [9-11].
Moreover, the hemosiderin deposition in MACs
indicated to the presence of toxic materials in envi-
ronment [16].

As expected from the qualitative analyses,
the highest VY(MACs, spleen) were observed in
fish sampled at the sites A and B (Tab. 1). These
values were significantly higher when compared
with the fish taken from the R site. Total volume
Vspleen (MACs) showed tendency to increase in

polluted sites, but no significant differences were
obtained, probably due to high coefficient of varia-
tion coming from strong individual variability
(Tab.1).

In fishes, MACs have a function in organism
defense. Numerous data show that pollution in the
environment influences MACs [15-17]. It is in
agreement with our data, which confirmed that
MAC:s are good bioindicators for early detection of
presence of the toxic materials in aquatic ecosys-
tem. Fournie et al. [18] already pointed that MACs
can easily reveal the difference between degraded
and non-degraded environments. Most of the stud-
ies in which MACs were used as potential bi-
omarker were based on qualitative observation.
When studies were quantitative, different research-
ers measured different parameters and hence, a
consistent conclusion about their utility is lacking.
Therefore, we strongly suggest a quantitative ap-
proach in the use of MACs as a bioindicator.
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Figure 1. Light micrographs of Perl’s stained sections from the spleen of barbel, showing the evident difference between
(a) fish in the reference site with fewer pigmented macrophage aggregates (MACss), and (b) fish in the polluted location
with much extensive accumulations pigmented MACs amidst. Bar line = 100 pm.
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Table 1. Relative volume (Vv), and total volume (V) of the pigmented macrophage aggregates
(MAC:s) in the spleen of the barbel from reference site (R site), and sampling sites affected
with pollution effluent (A and B sites)
Location Vv (MACs, ipleen kidney) Vspleen (l\glACS)
% cm
R Site 0.93 (1.65)* 0.02 (2.61)
A Site 2.06 (0.01)° 0.04 (1.55)
B Site 1.50 (1.02)° 0.05 (2.82)
Data are expressed as: mean (coefficient of variation).
Within a column, values with different superscript letters are significantly different (p < 0.05),
according to the post-hoc Tukey’s test.
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MAKPO®AI'HU ATPEI'ATHHU HEHTPU BO CJIE3UHATA HA MPEHATA BARBUS CF.
PELOPONNESIUS KAKO HTHIUKATOPHU HA 3ATAJYBAIBETO HA CPEJIMHATA
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[Tpomenure Bo Makpodaruute arperatHu neHtpu (MACs) kaj puOUTE ce KOPHCEH MHIMKATOp 32 CTpecHa
cocToj0a BO )KMBOTHATA CpeliHa. Bo oBaa cTyauja cO CTEPEOJIOMIKM METOAN HalpaBHBME MPOLCHA Ha OBHE KICTKH
BO 3araJicHW HaclIpeMa He3araJeHd JIOKAIUTeTH BO pekata bperamnmma. MACs arperatd ce pacdpieHn HH3
CIIe3MHATa M CE YecTO cO HempaBwmiHa (opma. [OMUHAHTCH MHTMEHT BO HUB Oelle XeMOCHICPHHOT. PeraTHBHHOT
BOJyMeH Ha arperatute Ha MACs NOKaXka CTaTHCTHYKHM 3HAYMTEIHO ITOBUCOKH BPEIHOCTH BO 3araJieHUTE
JoKkaauTeTH. TOTaTHHOT BOJIYMEH IIOKaXka WCT TPEHI, HO pas3iIMKUTe He Oea CTaTHCTHYKU 3HayajHu. Hammre
pe3yiTaTu IOTBpAyBaaT Jieka 3rojieMyBameTo Ha MACs-arperatu Moxe Ja ce KOPHCTU Kako HpeaylpelyBambe 3a
MOTEHIMjaTHO 3araJlyBambe Ha akBaTHYHUTE EKOCHCTEMH. 3aT0a, Cyrepupame pe3yiITaTHTe OJ BAKBUTE MCTPaKyBarba
Jia 6ugaT o7 KBaHTUTaTUBHA MIPUPOA.

Kiy4ynu 360poBu: crie3nHa; Makpodaruu arperaTHy [EHTPH; 3aralyBambe
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