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ABSTRACT

Roganovié-Zafirova D. and Jordanova M. (1998/99). Liver lesions in bleak (4/burnus
alburnus alborella Filippi) collected from some contaminated sites of Lake Ohrid. A histo-
pathological evidence. Ekol.Zast.Ziv.Sred. Vol. 6, No 1/2, 11-18, Skopje.

Histopathological changes observed in the liver of bleak individuals collected from
contaminated sites of Lake Ohrid were presented in this study. The possible correlation of these
findings with the pollution-induced hepatic lesions in bleak was discussed. Particular attention was
paid to the foci of cell alteration (FCA), tumor-like changes, and coagulative necrosis present in the

investigated bleak liver tissue.
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U3BOJ

Porauosuk-3acuposa J1. u Jopnanosa M. (1998/99). Jlesun Bo upHHOT Apo6 Ha MiaLUH-

uara (Alburnus alburnus alborella Filippi) w3nosena ofi KORTAMMHUPAHH PerHOHH Ha OXpPHUICKOTO
Esepo. Xucronartonowka crynuja. Ekon. 3aurr. XKusor. Cpept. Tom 6, Bp. 1/2, 11-18, Ckonje.

Bo oBaa crymmja Gea mnpe3eHTHpPaHH XHCTONATOJNOWIKH HAOJH BO HPHHOT Apob Ha
nnamMuy off sarafieu pernonn Ha Oxpupckoro Esepo. [IMcKyTHpaHa e MOXKHATA NOBP3a HOCT
Ha OOCepBUpaHMTE IMPOMEHH CO XEMNATOTOKCHYHOTO [€jCTBO Ha 3arajjleHaTa CpejuHa, CO
nocebeH OCBPT Ha (POKYCHTE Ha KJIETOYHATA aiTepaiidja, HEOMIACTHYHHTE JE3HH W oKa-
HaTa KoaryJaTHBHa HEKpO3a, BUICHH Kaj [IOBeKe HCIIUTYBAHH MHOUBA [IyH.

Knyunu 360posi: 3arafysame, Oxpuncko Esepo, nmnaumia, upH Apo6, XACTONaToN0ruja

INTRODUCTION

There is a growing body of evidence in the sci-
entific literature during last two decades con-
cerning pollution related fish diseases in
marine and freshwater ecosystems. Various
anthropological activities, like: discharge of

industrial wastes, oil and gas drilling, leaching
of fertilizers, pesticides and herbicides from
agricultural areas, and others, may cause
diseases in fish and shellfish populations

! This study was financed by The Ministry of Science, Republic of Macedonia
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(Dethlefsen & Tiews 1985; Brown et al. 1987,
Dethlefsen 1988; Bucke 1991).

The liver is well known target organ of the
toxic impact regarding its function in biotrans-
formation and excretion of xenobiotics. After
entering uptake, liver is the first organ to be
exposed by portal circulation. Various
pathological changes of fish liver has been
reported in a number of species exposed to
pollutants both in field and experimental
studies (Baumann & Harsbarger 1985; Kranz
& Dethlefsen 1990; Wester & Vos 1994).

Lake Ohrid receive various Xenobiotic
contaminants including pesticides and heavy
metals primarily from agricultural watersheds,
discharge of mines process water and effluence
of industrial wastewater, both  from
Macedonian and Albanian parts (Basler & al.
1995). The aim of this investigation was to
perform a pilot screening study of bleak liver
response to present pollution  using
histopathological tools.

MATERIAL AND METHODS

Both male and female bleak individuals with
total length from 110 to 162 mm, were
collected from two sites of Lake Ohrid -
Grasnica (77 individuals) and Studencista
Channel (27 individuals). Bleak were cached
by overnight nets (various mesh dimensions) in
August, October and December, 1995. The
fishes were sacrificed by severing spinal cord
within 24 hours after catching. The livers were
examined by hand lens for gross changes,
excised, and fixed in 10 % buffered formalin.
Specimens containing liver pieces from 2 to 7
individuals were sampled for paraffin

embedding and histological processing. Blocks
were sectioned at 5 pum and stained with
hematoxylin and eosin (H&E), periodic acid -
Schiff (PAS) and Feulgen nuclear reaction for
DNA. A 173 liver sections were carefully
screened for the presence of microscopically
recognizable lesions. All observed lesions were
registered and described and their occurrence
in the investigated material approximately esti-
mated. Analysis was performed on Reichert
N°326971 and Leitzs Wetzlar light microscopes.

RESULTS

Gross specimen inspection showed normal
liver appearance in most investigated
individuals. Dark red or reddish-yellow and
brown colored regions on the liver surface
were registered in some cases. Liver specimens
from 14 individuals were found to have small,
pale, white-yellowish nodules.

Microscopic examination of liver specimens
revealed a number of changes including necro-
sis, inflammation focuses, blood vessel dilata-
tion, tumor-like proliferation and parasitic in-
festation. The histopathological findings of the
investigated material are summarized in Tab.
1.

Severe congestion was registered in approxi-
mately 50% of the analyzed sections. Dilated
and engorged central veins and sinuses filled
with excessive amount of blood were observed
as a regional or general change in the liver, In
most cases, congestion did not associate degen-
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eration or necrosis of surrounding parenchyma.

Hepatocytes of investigated bleak livers as a
rule showed large euchromatic nucleus with
prominent nucleolus and wide basophilic cyto-
plasm. Generalized or regional fatty change of
parenchyma was a regular finding in approxi-
mately 20% of the analyzed sections (Fig. 1.).
In some areas of fatty change, single large lipid
droplets in hepatocyte cytoplasm showed tight
perisinusoidal distribution. Hydropic degenera-
tion (cellular swelling) of hepatocytes was pre-
sent but less frequent observation in analyzed
tissue.

The presence of foci of hepatocellular coagula-
tive necrosis was a discrete but quite frequent
finding. Necrotic hepatocytes with dark hyper-
chromatic nuclei, and deeply stained cytoplasm
were found diffusely scattered over rather
broad regions of hepatic tissue or focussed in
small mostly perivascular areas. Tiny focuses
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were not associated with inflammation. Bile

duct epithelium necrosis was quite uncommon

of coagulative necrosis consisting of dead

hepatocytes with picnotic nucleuses and faintly

finding and, as a rule, associated with a local

peribiliar inflammation.

stained depleted cytoplasm (Fig. 2) were found

in some specimens. Most of these findings
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Fig 1. Section of liver from a bleak collected from
Grasnica with regional diffuse fatty change of
the parenchyma (arows). H&E x 400

Cn. 1. Tlpecex Ha upH fpo6 of MmamKma yno-
BEHa BO PETHOHOT Ha I'pamrHuila co pe-
rHoHajHa Judy3HA MacHa J[iereHepalyja
(cTpenxu). H&E x 400

Fig. 2 Focal hepatocellular coagulative necrosis.
Small group of dead hepatocytes with pic-
notic nuclei and pale cytoplasm (arrows).
H&E x400

Cn.2 QokalHa XenaTOLENyTapHa KOaryJnaTHB-
Ha Hekposa. Mana rpyna HEeKpOTHYHH Xe-
NaTONUTH CO NMUKHOTHYHM jampa u 6mepa
nuronnasma. H&E x400

Some peculiar inconsistently found small le-
sions in the hepatic tissue were considered foci
of cellular alteration (FCA). Lesions appeared
as few cell groups of hepatocytes with clear
"ground  glass"  cytoplasm,  regularly
surrounded by a collar of infiltrated
lymphocytes (Fig. 3).

Inflammatory reaction, usually registered as
small perivascular, intralobular or peribiliar
granulomas was relatively rare finding in the
bleak liver. Infiltrated areas consisted mostly
of lymphocytes sometime accompanied by
variable number of macrophages, plasma cells
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and fibroblasts. Lymphocytic infiltration in the
bile duct epithelium was registered just in few
cases. Increased presence of lymphocytes in
the lumen of liver vessels was also observed in
few sections.

Fig. 3 A focus of cellular alteration (FCA) in bleak

liver parenchyma (asterix) surrounded by
inflammatory cells. H&E x400

Cn.3 ®oxyc Ha KJIeTOYHa anTepaiyja BO LPHO-
OpoOHMOT MapeHXWM Ha [UIALIKNATA
(sBe3guyKa) ONKPYXXEH co MH(IamaTop-
Hu kiretku. H&E x400

: i i,/

Fig. 4 Tumor-like nodule in bleak liver with large
pale cells. Note sharp bordering with normal
parenchymal tissue (arrows). M — mitotic
figure. H&E x400

Cn.4 TymopoBHJEH HOHYJyc BO LPHHOT Ipob
Ha MJIalunarta co ronemu Onemu Kiet-
Ku. JacHa pasrpaHM4eHOCT Off HOpMal-
HHOT LPHOApOOEH NapeHXuM (CTpenkn).
M —muto3a. H&E x400

4 g N T ) 4 ot & 4 g s v

Haemorhagic inflammatory lesions consisting
of intraparenchymal exudates that contained
accumulations of extravascular erythrocytes
and inflammatory cells were noticed in a few
sections. In most observed cases with in-
flammatory reaction, no causative agent - mor-
phologically recognizable, was observed
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except in some intraparenchymal infiltration
surrounding small necrotic areas, probably
remnants of dead parasites. Wide necrotic
regions in the parenchyma infiltrated by
inflammatory cells were considered the
consequence of a similar process.

The occurrence of melanomacrophage centers
was a consistent finding in all analyzed bleak
livers. They showed various dimensions - from
small, few cell groups to wide accumulations
of macrophages with small, dark, bean shaped
nuclei and a wide yellowish, strongly PAS
positive cytoplasm. In some cases, a marked
increase of the number and dimensions of
melanomacrophage centers was found.

In approximately one tenth of investigated
livers a peculiar, repeatedly occurring tumor-
like lesion was observed, usually located near
blood vessels (Fig. 4). It consisted of
epithelial-like cells aggregated in spherical or
oval formations, separated from the
surrounding liver tissue by a delicate thin layer
of fibroblasts. Extremely variable dimensions
of this proliferation were observed: form few
cell groups to enormous proliferated masses
invading wide areas into the liver tissue. No
microscopically recognizable blood vessels
were found into any observed proliferation
with no regard on its size. Cells had pale, wide,

slightly PAS positive cytoplasm and large
vesicular nuclei containing no nucleoli. A thin
peripheral border of infiltrating lymphocytes
was an often finding around tumor-like masses.
The analyzed bleak liver tissue showed very
scarce occurrence of helminths. Tapeworm lar-
vae were occasionally observed in liver paren-
chyma with no local inflammation associated.
An unknown protistan parasite colonizing vas-
cular endothelium of liver tissue was almost
permanently observed. Dump-shaped cells
showed clear unstained cytoplasm surrounded
by a thick eosinophilic pellicle and a hetero-
chromatic peripherally located disc-shaped nu-
cleus. A peculiar star-shaped structure located
opposite to the nucleus was the only visible
content in the cytoplasm. As a rule, these cells
were found just beneath the endothelial layer
of the large vessels. Various rates of infesta-
tion, from individual protistan-like cells to
colonies forming small polyp-like protrusions
into blood vessel lumen were observed in
different sections. Relatively scarce finding of
mixosporeans infestation associated with
lymphocyte inflammation was observed
primarily in the bile ducts. The binuclear, oval,
slightly elongated mixosporeans spores with
two polar capsules were strongly PAS positive.

DISCUSSION

The first histopathological screening of liver
from bleak individuals living in some contami-
nated sites in Lake Ohrid revealed the presence
of clear hepatic lesions including tumor-like
formations.

An apparent, very frequently observed change
in bleak liver was the severe congestion of cen-
tral veins and sinuses. Vascular and sinusoidal
congestion in fish liver has been reported as a
possible hepatotoxic lesion after exposure to
some pesticides (Couch 1975). In our material,
the possibility of artificial agony-induced
change was not excluded, so this evidence has
to be interpreted with caution. This even more
because of the collection method used, and the
lack of mnecrosis in the surrounding
parenchyma, which may suggests acute agony-
induced congestion.

General or regional diffuse fatty change of the
parenchyma was recurrently observed in the

investigated material. This finding was
reported after variety of hepatotoxic insults
(Hinton et al. 1992). But, this condition was
also observed in vitellogenic females, in fish
that store abundant lipids (van Bohemen & al.
1981), and under influence of nutritional state
(Segner & Moller 1984; Segner & Juario
1986; Segner & Braunbeck 1988).

Focal and diffuse hepatocellular coagulative
necrotic lesions in bleak liver observed as a
discrete but consistent finding may be taken as
a more confident indication of hepatotoxicity.
Currently, focal hepatocellular coagulative ne-
crosis has been accepted as useful biomarker
of anthropogenic toxicant exposure in the
absence of evidence for parasitic infestation
(e.g. fibrotic tracks or cystic spaces) or prior
infection by microorganisms (Hinton et al.
1992). Most of registered necrotic lesions in
Ohrid bleak liver were not associated with
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inflammation and lacked morphological
evidence for parasites or bacterial infection.
Inflammatory lesions in bleak liver were regis-
tered as relatively rare mild change, in some
cases associated with the presence of mixo-
sporeans. Melanomacrophage centers were
markedly induced in few of investigated indi-
viduals. This finding may be interpreted, either
or both, as a residual lesion of previous infec-
tion and parasitism, or injury effected by
chemical toxicants.

Foci of cellular alteration including basophilic,
eosinophilic, clear, and fat vacuolated were re-
ported to be associated with experimental
exposure to carcinogens in various fish
species. Their environmental relevance has
been confirmed in field investigations (Hinton
& al. 1992). From this point of view bleak liver
lesions appearing as few cell groups of hepato-
cytes with clear "ground glass" cytoplasm sur-
rounded by lymphocyte infiltration deserves
attention and further investigation as
alterations that eventually precede neoplasm.
The incidence of at least tree cases with a neo-
plasm originating in a specific cell lineage in a
defined geographic location is considered
epizootic (Harshbarger & Clark 1990). In the
investigated bleak liver material, the same type
of tumor-like lesion was recurrently registered
in many liver specimens from bleak collected
in various periods of the year. In the past 30

years several dozens wild fish tumor epizootic
were identified in North America. Epithelial
tumors, and hepatocellular neoplasms in
particular, are strongly correlated with
exposure to chemical contaminants (Harsh-
barger & Clark 1990). Experimental dietary
intake of chlorinated hydrocarbon DDT, for
example, produced hepatomas, hepatocellular
carcinomas and cholangiocarcinomas in
rainbow trout (Halver et al. 1962). The
increased prevalence of certain tumors may
signal exposure to xenobiotic initiators and
possibly promoters of carcinogenesis.
However, other factors such as oncogenic vi-
ruses (Papas & al. 1976, 1977; Kimura et al.
1981a; Kimura & al. 1981b, Yoshimizu et al.
1987), parasite induced proliferation and im-
munosupression (Anderson 1990) may be sus-
pected etiologic agents of tumor epizootics.
The registered tumor-like lesion in bleak liver
did not appear to be of hepatocellular or
cholangiocellular origin. The finding deserves
further study to define the lesion and its
prevalence in contaminated opposing clean
areas of Lake Ohrid.

Lesions associated with parasitic infestation
were consistently registered in the bleak livers.
Accurate determination of the found parasitic
protistan and helminthes and its prevalence as-
sessment was beyond the scope of this study.

CONCLUSIONS

Microscopic analysis of liver tissue from bleak
individuals living in contaminated sites of
Lake Ohrid littoral revealed a number of histo-
pathological changes. A part of registered

hepatotoxic effects in the investigated
individuals. The presence of foci of cellular
alteration and a peculiar tumor-like lesion
recurrently occurring in collected bleak livers

findings may be considered pollution-induced deserve particular attention and further
liver lesions. Discrete but frequently found foci investigation.
of coagulative necroses suggest mild
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JE3UU BO HPHUOT OPOB HA IMJIAMMWIIATA (Alburnus alburnus
alborella Filippi) A3JIOBEHA O]1 KOHTAMMWHHUPAHU PETMOHHU HA
OXPHUACKOTO E3EPO. XMICTOIIATOJOIKA CTYTHIJA.

Manuna POCAHOBUK -3A®UPOBA 2 1 Maja JOPIAHOBA''
'UucTuTyT 3a GHonoruja, [IM®, Ckonje, *Xunpobuonomku 3aso, Oxpuj
PE3UME

Bo TpPYEOT ce Npe3eHTHPaHH XHCTONATOJNOWIKH HAONM Ha IpH Apo6 of
nnaumuna (Alburnus alburnus alborella Filippi) u3noBeHa of KOHTAMHHUPAHH [IEJIOBA Ha
suropanor of OXpHAcKOTO e3epo. MUKpockornckaTa aHamm3a Kaj BKYnHO 104 equHkm
of] ABaTa IoNa MOKa)ka MPHUCYCTBO Ha IOBEKE THUIIOBH Ha XHCTONATOJIOLIKH JIE3WH BO
LPHOAPOOHOTO TKUBO BKJyYyBajKH: KOHIeCTHja, HeKpo3a, HHQIaMaTOPHH TNPOLECH,
nponudepaTHBHA NpOMeHH ¥ mapasuTHH HH(pecraupm (Ta6. 1). JIluckyTupaHo e
3HAUYEHETO Ha PEerucTpUpaHATe XenaTallHH IIpOMEHH BO OOHOC Ha BHOMOLIKAOT
OAroBOp Ha OBOj OpPraHW3aM Ha MPHCYTHHTE KOHTAMWHAHTH BO OKOJiHaTa cpeguHa. Off
OBO] acmeKT TNoceGHO BHMMaHME 3aciyXyBa MoOjaBaTa Ha (DOKajHa KoaryjlaTHBHA
HEKpO3a Ha XeMaTaJHWOT mapeHxuM Ge3 mponpaThu mHbramatophn peakumn (Ci. 2)
IWTO MOXe fa Oupme ofpa3 Ha Omarm XenaToTOKcHYHH edeKkTH. Perucrpupasure
doxycu Ha KJeTOYHa aaTepauldja YKaXyBaaT Ha NpPEHEOMIacTHYHH NPOMEHH BO
LPHOAPOOHOTO TKMBO Kaj fen of ucnutysauute egudku (Cn. 3). Enen noceben Bujg Ha
TYMOPOBHJIHA TponudepaTHBHa ne3uja co HeupaeHTHukyBaHo norexkno (Cn. 4.) ce
jaByBa co MHUMEHLHKja Ha enu3ooTuja. [IpuKaXkanuTe HAOMW yKaXyBaaT Ha NMPUCYTHU
XeMaTOTOKCHYHU U [PYTH MaTOreHH eeKTH Ha 3arajieHaTa CpejliHa Bp3 MomyJauujaTa
Ha rammiaTa off OXpUCcKOTO e3epo.
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