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ABSTRACT 

Roganovié-Zafirova D. and Jordanova M. ( 1998/99). Liver lesions in bleak (Alburnus 
a/burnus aiborel/a 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 tbe liver of bleak individuals collected from 
contaminated sites of Lake Ohrid were presented in this study. The possible correlation of these 
findings with tbe pollution-induced bepatic lesions in bleak was discussed. Particular attention was 
paid to tbe foci of cell alteration (FCA), twnor-like changes, and coagulative necrosis present in the 
investigated bleak liver tissue. 

Key words: pollution, Lake Ohrid, bleak, liver, histopathology 

H3BO.Z:. 

PoranoBm<-3aqmpoBa JJ.. H Jop,qaBoBa M. (1998/99). Jle3HH BO upmi:oT .Qpo6 Ha rrnatuH­
uaTa (Albumus alburnus alborella Filippi} H3110BeHa O.Q KOHTaMJfirnpaHH pernOHH Ha OxpH.QCKOTO 
E3epo. XHcronaTOJJOWKa cryAHja. EKon. 3awT. )l(}mOT. Cpe,q. ToM 6, Bp. 1/2, 11-18, CKonje. 

Bo osaa C'I')'ABja 6ea npe3eHTHpaHH XHCTonaronoWI<B naOAff BO l\PHHOT ,qpo6 Ha 
n11a1mu.{e OA 3ara,qeHH pern:mm Ha OxpHACKOTO E3epo. Anc1<yn1paHa e MO.>KHaTa nosp3a HOCT 
Ha o6cepBHpaHHTe npoMeHH CO xenaTOTOKCH'lHOTO AejCTBO Ha 3ara,J:teHaTa cpe.QHHa, CO 
noce6ee ocspT ea cpo1<ycHTe ea Knero'IBaTa anrepaqHja, eeonnacrn'llmre ne3Wf H cpoKaJJ­
HaTa Koarynanmea HeKp03a, BIQ:leHH Kaj nose1<e HcnwryBaHH HHAHBH ,qytt. 

KrlyqBH 3Ôopoeu: 3ara,czyeaH:.e, OxpHACKO E3epo, nna~a, I.qJH ,Iij)06, XHCTOrraTonoreja 

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 

1 This study was financed by The Ministry of Science, Republic ofMacedonia 
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(Detblefsen & 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, li ver is the first organ to be 
exposed by portal circulation. Various 
pathological changes of fish liver bas been 
reported in a number of species exposed to 
pollutants both in field and experimental 
studies (Baumann & Harsbarger 1985; Kranz 
& Detblefsen 1990; Wester & Vos 1994). 

Roganovié-Zafirova. D. & Jordanova, M. 

Lake Ohrid receive various xenobiotic 
contaminants including pesticides and heavy 
metals primarily frorn 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 

Botb 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 ovemight 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 band Jens for gross changes, 
excised, and fixed in l 0 % buffered formai in. 
Specimens containing liver pieces from 2 to 7 
individuals were sampled for paraffin 

embedding and histological processing. Blocks 
were sectioned at 5 µm 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. Ail observed lesions were 
registered and described and their occurrence 
in the investigated material approximately esti­
mated. Analysis was performed on Reichert 
N°32697 l and Leitzs Wetzlar light microscopes. 

RESULTS 

Gross specimen inspection showed normal 
tiver 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 
frorn 14 individuals were found to have small, 
pale, wbite-yellowish nodules. 

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

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-

12 

eration or necrosis of surrounding parencbyma. 

Hepatocytes of investigated bleak livers as a 
rule showed large euchromatic nucleus with 
prominent nucleolus and wide basophilie 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 byper­
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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Fig l. Section of liver from a bleak collected from 
Grasnica with regional diffuse fatty change of 
the parencbyma (arows). H&E x 400 

Cn. 1. TipeceK Ha UPH Apo6 O)'..I nnawHqa yno­
BeHa BO perHOHOT Ha I'pammn~a CO pe­
rHOHaJIHa .a;mpy3Ha MacHa )'..lereBepa:a;Hja 
( crpenKH) . H&E x 400 

Fig. 2 Focal hepatocellular coagulative necrosis. 
Small group of dead hepatocytes with pic­
notic nuclei and pale cytoplasm (arrows). 
H&Ex400 

Cn. 2 <f>oKaJIHa xenarouenynapH a KoarynaTHB­
Ha HeKpo3a. Mana rpyna HeKpOTH'IHH xe­
naTO:a;HTH CO IIBKHOTHtIHH ja)'..lpa H 6ne11:a 
QHTOnJia3Ma. H&E x400 

Sorne peculiar inconsistently found small le­
sions in the bepatic 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 

]4 
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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 <l>oKyc Ha KJieTo<œa anTepaQHja so 1.WHO­
Ap06HHOT napeHXHM Ha nnawliJ..\aTa 
(sBe3)l.Ir<U<a) oIIKpy.>I<eH co 1rncpnaMaTop­
HH KJieTKH. H&E x400 

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 T}'MOpOBHAeH Ho.a;ynyc BO UpHHOT Apo6 
Ha nnallllf((aTa co roneMH 6ne,a;H KJJeT­
KH. Jacsa pasrpaHJ.f"leHOCT OA HOpMaJI­
HJ!!OT upHOApo6eH napeHXHM (crpemœ). 
M - MHT03a. H&E x400 

Haemorhagic inflammatory lesions consisting 
of intraparencbymal exudates tbat contained 
accumulations of extravascular erythrocytes 
and inflammatory cells were noticed in a few 
sections. In most observed cases with in­
flarnmatory 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 ail 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 
Li vers a peculiar, repeatedly occurring tumor­
like lesion was observed, usually located near 
blood vessels (Fig. 4). It consisted of 
epitbelial-like cells aggregated in spherical or 
aval 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 
witb no regard on its size. Cells had pale, wide, 

sligbtly PAS positive cytoplasrn and large 
vesicular nuclei containing no nucleoli. A tbin 
peripheral border of infiltrating lymphocytes 
was an often finding around tumor-like masses. 
The analyzed bleak liver tissue showed very 
scarce occurrence of belmintbs. Tapeworm lar­
vae were occasionally observed in liver paren­
cbyrna with no local inflammation associated. 
An unknown protistan parasite colonizing vas­
cular endothelium of liver tissue was almost 
pennanently observed. Dump-shaped cells 
sbowed clear unstained cytoplasm surrounded 
by a thick eosinopbilic pellicle and a hetero­
chromatic peripberally 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 beneatb the endothelial layer 
of the large vessels. Various rates of infesta­
tion, from individual protistan-like cells to 
colonies forming srnall polyp-like protrusions 
into blood vesse! 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, aval, 
sligbtly 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 turnor-like 
formations. 
An apparent, very frequently observed change 
in bleak li ver was the severe congestion of cen­
tral veins and sinuses. Vascular and sinusoïdal 
congestion in fish liver bas been reported as a 
possible hepatotoxic lesion after exposure to 
some pesticides (Coucb 1975). In our material, 
the possibility of artificial agony-induced 
change was not excluded, so this evidence bas 
to be interpreted with caution. This even more 
because of the collection method used, and the 
lack of necrosis 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 
tbat 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 bas 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. 
lnflammatory 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, eitber 
or botb, as a residual lesion of previous infec­
tion and parasitism, or injury effected by 
chemical toxicants. 
Foci of cellular alteration including basophilie, 
eosinophilic, clear, and fat vacuolated were re­
ported to be associated with experimental 
exposure to carcinogens in various fish 
species. Tbeir environmental relevance has 
been confirmed in field investigations (Hinlun 
& al. 1992). From this point ofview 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 
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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 cblorinated bydrocarbon 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. 198Lb, 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 bepatocellular 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 

Microscopie analysis of liver tissue from bleak 
individuals living in contaminated sites of 
Lake Ohrid littoral revealed a number of bisto­
pathological changes. A part of registered 
findings may be considered pollution-induced 
liver lesions. Discrete but frequently found foci 
of coagulative necroses suggest mild 

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 
deserve particular attention and further 
investigation. 
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JIE3llll BO UPHHOT ,UP0:6 HA IIJIAillHUATA (Alhurnus alhurnus 
alhorella Filippi) H3JIOBEHA OU KOHT.Al\filHHP AHH PEfHOHH HA 

OXPHUCKOTO E3EPO. XHCTODATOJIOIDKA CTY,llHJA. 

JJ,amn~a POrAHOBl1K-3A<t>HPOBA12 H Maja JOPJJ,AHOBA 1 

1I1HCTHT)'T 3a fü1onorHja, ITM<t>, CKonje, 2XHApo6HOJIOIIIIŒ JaBOA, ÜxpHA 

PE3HME 

Bo TPYAOT ce npe3eHTHpaHB XHCTOIIaTOJIOilIKH HaOAH Ha J..\PH Apo6 OA 
nJiaIIml.\a (Alburnus alburnus alborella Filippi) H3JIOBeHa OA KOHTaMHHHpaHH .u;e110BH Ha 
JIHTOpaTIOT OA OxpHACKOTO eJepo. Mm<pocKoncKaTa aHaJIH3a Kaj BKyllHO 104 eAHHIŒ 
o.a: JJ:BaTa nona noKa)l(a npHCYCTBO Ha IlOBeKe TKilOBH Ha XHCTonaTOJlOllIKH Jie3Irn: BO 
[(pHo.a;po6HOTO TKHBO BKnyqysajIŒ:: KOHreCTHja, HeKp03a, HHcpJiaMaTOpHH npo[(eCH, 
npom1cpepaTHBHH npoMeHH H napa3HTHH HHcpecra~ (Ta6. 1). )J,HCKYTHpaHO e 
3HaqeJ.LeTo Ha perHCTpHpamne xenaTaJIHll npoMeHH BO OgHOC Ha 6HOJI01IIK1WT 

o.a;roBop Ha OBOj opraHH3aM Ha npHC)'THHTe KOHTaMJIHaHTH BO OKOJIHaTa cpeAHHa. ÜA 
oaoj acrreKT noce6Ho BHHMaHHe 3aCJI)')l()1Ba nojasaTa Ha cpoKaJlHa KoarynaTRBHa 

HeKpo3a Ha xenaTaJIHHOT napeHXHM 6e3 nponpaTHll HHcpnaMaropHB peaKL\HH (Cn. 2) 
IIITO MO)l(e ]{a 6MJ{e o.a:pa3 Ha 6narn xenaTOToKcaqim ecpeKTH. PerHCTpHpaHHTe 
QJOKYCH Ha KJieTOt{}{a anTepal.\Hja YKCUK)'BaaT Ha npeHeonnaCTHtnm npoMeim BO 
[(pHo.a;po6HOTO TKHBO Kaj .a:en o.a: HCIIBTyBaHHTe e,[(JIHKH (Cn. 3). E.a:eH noœ6eH BMJ{ Ha 
TYMOpOBHJJ:Ha npom:1cpepanrnHa Jie3Hja CO HeHAeHTHQJm<yBaHO IIOTeKJIO (Cn. 4.) ce 
jasysa CO HHJ..\Hp;eH~Hja Ha enH300THja. IlpKI<a)l(aHHTe Hao.a:n yr<a:>K}'BaaT Ha rrpucyTHH 
xenaTOTOKCH'lIHH H .u;pyrH naToreHH ecpeKTH Ha Jara,o;eHaTa cpeJJ:HHa Bp3 norrynal.\HjaTa 

Ha nn~aTa o.a: OxpMJ{cKoTo e3epo. 
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