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ABSTRACT 

Roganovié-Zafirova, D. and Tavciovska-Vasileva, 1. (1998/99). Liver lezions in Ohrid minnow 
moranec (Pachychilon pictus Heck. et Kner) collected from some contaminated sites of Lake Ohrid. 
A histopathological evidence. Ekol. Zast. Zivot. Sred. Vol.6, No 112, 19-27, Skopje. 
Histopathological findings in the liver of Ohrid rninnow collected from polluted areas were presemed 
in this study. Extensive inflammatory lesions surrounding blood vessels and bile ducts accompanied 
by necrotic areas and occasional parasitic infestation were recognized as a consistent observation. 
Particular attention was paid to bile duct proliferation as a possible pollution-induced lesion. 
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H3BO.ll 

PoraeoBm<-3acpHpOBa, ,!l.. & TaB-.:moscKa-Bac1mesa, li. (1998/99). Ile3HH BO QPHHOT ,qpo6 aa MO
paaeu;oT (Pachychilon pictus Heck. et Kne1~ o,q eeKOH KOHTaMHHMpaH11 permm: Ha OxpHACKOTO 
E3epo. XHcronarononn<a crywtja. EKoJI. 3anrr. )l(HBOT. CpeA. ToM 6, Bp.1/2, 19-27, CKonje. 
Bo OBaa cryJ{Hja ce npe3eBTHpaHH XHcronaronowrarre HaOWJ BO QpHOAp06HOTO TKRBO Ha 
MopaaeQOT KOJieKQROHHpaH 0,11; 3araAeHH pernoHH Ha OxpHACKOTO eJepo. PerncrpKpaH11 ce 
eKCTeH3HBIDI HHcpnaMaTopmi: npm~eCH OKOJIY KpBHliTe CaAOBH H )!(OJl~IHHTe KaHam1 
aponpaTeHH CO HeKpOTH'IHH npoMeHH H IlOBpeMeHH napa3HTHH H.HcpeCTaQlllt. CToce6HO 
BBHMaHHe 6ewe o6paaro Ha Ha3HatteaaTa apoJIBcpepaa;Hja aa )KOn'IRHre KaHaJIH KaKo 
MO)(Qla xenaTOTOK wma Jie3Hja npeAJi3 BHKaHa 0,11; KOHTaMHHHpaHaTa cpeAHHa. 

K.rry'IBH 36opoeu: 3ara.rzyeaJbe, Oxp~cKo E3epo, oxp~cKH MopaHe~, I.WH ~po6, xHcrona
Tonomja 

INTRODUCTION 

The liver of various fish species living in pol
luted freshwater or marine environments or 
experimentally exposed to toxic contaminants 
express a number of morphological changes, 

part of which may be considered histo
patbological biomarkers of anthropogenic 
stress (Meyers & Hendrick 1984; Hinton et al. 
1992). Fish liver lesions like, generalized or 



focal hepatocellular fatty change, hepato
cytomegaly, spongiosis hepatis, bile duct 
proliferation, hepatocellular or cholagiocellular 
carcinomas and others, are seen after variety of 
environmental hepatotoxic insults (Kent et al. 
1988, Baumann et al. 1990, Hayes et al. 1990, 

Roganovié-Zafirova, D. & Tavèiovska-Vasileva, I. 

Myers et al. 1987, 1990). The present study 
was aimed to detect histopathological changes 
in the li ver of endemic fish Ohrid minnow mo
ranec living in polluted littoral areas of Lake 
Ohrid. 

MATERIAL AND METBODS 

Ohrid minnow moranec individuals with total 
length from 90 to 165 mm, both males and fe
males, were collected from two sites of Lake 
Ohrid - Grasnica ( 46 individuals, in August 
and October 1995 year) and Studencista Chan
nel (7 individuals, in December, 1995 year). 
After being caugbt by ovemight nets (various 
mesh dimensions) fishes were sacrificed by 
severing spinal cord within 24 hours. The 
livers were examined by band lens for gross 
changes, excised, and fixed in 10% buffered 
formalin. Specimens containing liver pieces 
from 1-5 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. About 50 liver sections were carefully 
screened for the presence of morpbologically 
recognizable lesions. Ail observed changes 
were registered and described and their 
occurrence in the investigated material roughly 
estimated. Microscopical examination was 
performed on Reichert N° 326971 and Leitzs 
Wetzlar microscopes. 

RESULTS 

Histological inspection of liver tissue revealed 
metabolically active hepatocytes with large 
euchromatic nuclei, prominent nucleoli and 
relatively wide basophilie cytoplasm. Hydropic 
degeneration of bepatocytes and lipid droplets 
accumulation in hepatic cells as a general or 
regional finding was more or less uncommon. 
A small area located near a central vein with a 
group of vacuolated hepatocytes, which may 
be interpreted as a focus of cellular alteration 
(FCA) was registered in one case (Fig. 1). 
Dilatation of central veins and hepatic sinuses 
was observed in approximately 20% of ana
lyzed sections. Fibroid degeneration in the 
walls of medium and larger vessels was 
noticed in several liver sections (Fig. 2). 

Foci of hepatic cell coagulative necroses 
mostly accompanied with inflammation were 
demonstrated in parenchyma or around larger 
blood vessels and bile ducts. Individuals 
caught in Studencista Channel showed stronger 
evidence of this find ing. Even though small 
part of these necrotic lesions were clearly 
associated with parasitic infestations most of 
them showed no recognizable causative agent. 
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The presence of wide inflammatory areas in 
hepatic tissue was one of the most prominent 
histopatbologic findings. Enormous granulo
mas containing lymphocytes, macrophages and 
plasma cells encompassing bigger and smaller 
vessels, and bile ducts, with no recognizable 
causative agent present (Fig. 3) was observed 
in most of the sections. Part of inflammatory 
infiltration areas showed typical features of fi
brous granulomata (Fig. 4). Each contained a 
central zone of necrotic cellular debris, 
parasite remnants, or intact parasite cysts 
surrounded by a layer of epithelioid cells 
(macrophages resembling epithelial cells), and 
an externat layer of other inflammatory cells. 
The entire focus was encapsulated by fibrous 
connective tissue. Induction of 
melanomacrophage centers in hepatic tissue 
was registered with remarkable prevalence. 

Bile duct proliferation was detected as an im
posing frequent finding. In some sections, rela
tively wide areas of multiplied bile ducts sur
rounded by stromal tissue (cbolangiofibrosis) 
were observed (Fig. 5). The process was some
time accompanied with massive karyopyknosis 
of bile duct epithelium, which was 

l 



Liver lezions in Ohrid minnow moranec (Pachychilon pictus Heck. et Kner) collected ... sites of Lake Ohrid 

occasionally followed by complete lysis of 
duct walls (Fig. 6). 

Scarce evidence 
included findings 
larvae regularly 

of parasitic infestation 
of encapsulated nematode 

surrounded by wide 

granulomas, mixosporean cysts causing mild 
lymphocytic infiltration, and an unidentified 
protistan parasite in blood vessels. Histopatho
logical findings are summarized in Tab. l. 

DISCUSSION 

Microscopical survey of liver specimens from 
Ohrid minnow moranec inhabiting 
contaminated Lake Ohrid areas demonstrated 
histopathologically detectable lesions, part of 
which may be with certainty related to the 
impact of environmental toxicants. 

Proliferation of bile ducts may be considered 
the most specific lesion registered in the 
investigated material. Profiles of bile ducts are 
normally infrequent in fish liver tissue except 
near the vena porta hepatis (Hayes et al. 1990). 
In some liver sections investigated in this 
study, the profiles of these passageways were 
numerous, contacting and with abundant 
branching and coiling. This lesion is of a 
chronic duration and bas been reported as a 
consistent finding in wild fish from 
contaminated sites (Murchelano & Wolke 
1985; Hayes et al. 1990). In western Lake 
Ontario, proliferative biliary diseases 
(cholagiohepatitis and cholangiofibrosis) of 
white suckers (Catastomus commersoni) were 
associated with bile duct neoplasms in polluted 
harbors (Hayes et al. 1990). These authors sug
gested that proliferative bile duct epithelial 
changes could predispose fish to initiation and 
promotion of bile duct neoplasia. Further 
investigation of this lesion in Ohrid minnow 
moranec from polluted and unpolluted areas in 
Lake Ohrid and surrounding tributaries may 
give better insight into this lesion and its 
eventual relation with carcinogenesis. 

A single lesion - interpreted as a focus of cell 
alteration (FCA) - a small round area of fat 
vacuolated hepatocytes, was noticed in entire 
analyzed rnaterial. Focal fatty vacuolization of 
hepatocytes was reported after exposure of fish 
to a variety of different carcinogenic agents 
(Hendrick et al. 1984). This lesion is supposed 
to precede other changes in the development of 
neoplasia (Hinton et al. 1992). Liver lesions 
that appear as "ground glass cell" foci of cellu
lar alteration were registered in bleak 

inhabiting the same collecting 
(Roganovic-Zafirova & Jordanova 
which indicate the notability of this 
evidence. 

sites 
1998) 
single 

Part of the inflarnmatory lesions seen in the 
surveyed Ohrid minnow moranec livers were 
clearly associated with the presence of some 
helminths and mixosporeans. The rest of peri
vascular and peribiliar infiltration of lympho
cytes and other kukocytes were not related 
with any visible etiological factor. Toxicant 
induced in jury, as possible inflammation
provoking agent may not be excluded neither 
proved with certainty. The liver as a tissue in 
which lymphocytic type of inflammation 
commonly occurs may norrnally have resident 
populations of lymphocytes in portal triads, 
which vary in number according to animal 
species (Meyers & Hendrich 1984). Induced 
melanomacrophage centers in fish liver 
indicate an immune response provocation in 
various pathological states including 
anthropogenic stress (Hinton et al. 1992). In 
the collected Ohrid minnow moranec, it can 
not be taken as confident biomarker because 
the parasitism can not be excluded. From the 
same reasons, registered wide necrotic areas in 
liver parenchyma mostly associated with 
lymphocytic infiltration have to be interpreted 
with caution. 
The congestion of central veins and sinuses 
was demonstrated with relatively high 
prevalence although with much less incidence 
then in Ohrid bleak collected from the same 
polluted areas in Lake Ohrid (Roganovic
Zafirova & Jordanova 1998). Frorn the similar 
reasons that were considered in cited bleak 
liver study this finding could not be considered 
hepatotoxic lesion with certainty. The finding 
of fibroid degeneration in the walls of medium 
an larger vessels registered in few investigated 
liver sections is probably result of a local 
antigen-antibody reaction (Meyers & 
Hendrich 1984). 
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Liver lezions in Ohrid minnow moranec (Pachychilon picrus Heck. et Kner) collected .. sites of Lake Ohrid 

Fig. 1 A small area of focal aJteration containing vacuolated hepatocytes (doted circle) near a central vein 
(CV) H&E x400 

Cn. 1 Man cpoKyc Ha KJieTO'IHa anrepaqaja co BaKyone:3e:paRM xeaaTOQHTH (To"lKecra JIHHHja) BO 
6nH3HHa Ha t(eHTpanHa BeHa ( CV). H&E x400 

Fig. 2 A medium vesse! in liver parenchyma showing thickened waJls with fibroid degeneration (arrows) H&E 
x400 

Cn. 2 CpeAeH KpBeH ca)J; so xeaaTamm:OT napcHXHM co qm6pHHOH)J;Ha AereHepaQuja Ha SHAOT 
(crpenKH) H&E x400 
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Roganovié-Zafirova, D. & Tavèiovska-Vasileva, I. 

Fig. 3 Section through a wide inflamed area in liver parenchyma surrounding two bile ducts (BD) and a blood 
vesse! (BV). Note the presence of a melanornacrophage center (MC) H&E x400 

Cn. 3 IlpeceK Hli3 WlipOK pernoB Ha HHcpnaMaTOpHa peaK~ja OKony )J.133 )l(On"!Rli KaHaJrn (BD) H 
KpBCH C<IA (BV) CO np11cycrso Ha MenaHoMaKpocpareH l\eRTap (MC). H&E x400 

Fig.4 Section of a fibrous granulomata around a parasite remnant (PR). EC - epithelioid cells, LC -
leukocytes, P- parenchyma. H&E x400 

Cn. 4 IlpeceK Ha qnt6po1111.eH rpaHynoM oKony ocraTOK Ra aapa3KT (PR). EC- ennTenmtAHH KneTKH, 
LC - neyKOl\HTH, P - aapeHXHM. H&E x400 
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Liver lezions in Ohrid minnow moranec (Pachychilon pictus Heck. et Kner) coilected ... sites of Lake Ohrid 

Fig. 5 A group of proliferated bile ducts with various sizes surrounded by stroma) tissue in an otherwise 
normal parenchyma (an-ows) H&E x400 

Or. 5 fpyna Ha npo.1llicpep11paH11 )1{0fllflIB KaHaJUI CO pa3nwurn: ,ll;HMeH3IŒ OilKpy)!(eHJ.1 CO cjm6p03Hl1 
KJieTKH BO HOpManeH napeIDŒM ( crpenKH). H&E x400 

Fig. 6 Bile duct proliferation associated occasionally by karypiknotic necrosis and complete wall lysis (arrow) 
H&Ex400 

Or. 6 TipoJIHcpepaQHja Ha )!(0Jlqm[ KaHa.rm aCOQHpaHa CO KapHOIIHKHOTH'!Ha HeKpo3a H KOMITJieTHO 
JIH3Hpafhe Ha 6Hn11japmne SH):(OBH Kaj HeKOH o,o; WIB (CTpeJIKa). H&E x400 
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Roganovié-Zafüova, D. & Tavciovska-Vasileva, 1. 

CONCLUSION 

Ohrid minnow moranec individuals collected 
from polluted areas in Lake Ohrid showed 
various liver Jesions. The extensive 
granulomata and leukocytic inflammations 
surrounding blood vessels and bile ducts were 
registered as a prominent histopathological 
finding. Occasionally associated with parasitic 
infestation this finding is not obviously 

correlated with contamination effects. Bile 
duct proliferation may be considered a specific 
chronic response to the pollution. The quality 
and the quantity of registered liver Jesions 
indicated toxicopathic susceptibility of this 
endemic fish species to present contaminants 
in Lake Ohrid, which need to be verified in 
further investigations. 
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Li ver lezions in Ohrid minnow moranec (Pachychilon pictus Heck. et Kner) collected ... sites of Lake Ohrid 

JIE3HU BO U:PHHOT WOli HA MOP AHEU:OT 
(Pacllycllilonpictos Beck. et Kner) 0,L( HEKOH KOHTAMHHHPAHH PErHOHH HA 

OXPH.L(CKOTO E3EPO. XHCTODATOJIOIIlKA CTY,L(llJA 

JJ.aHHQa POf AHOBHK -3Ael»HPOBA i,i 

n Hpeea TAB1IHOBCKA-BACHJIEBA 1 

1 HHCTHTYT 3a 6noJiorn,ja, Dpnpo,.uo -MaTeMaTH11KH <l>aKyJITeT, CKorrje 
2 

XBAp06HOJIOIIII<H 33BOA, OxpHA 

PE3HME 

Bo TeK Ha 1995 rog1ma 6ea KOJieKIUIORHpaHH 53 e,[{liHIG:l Ha OxpHACKH MopaHeIJ. BO 
pernoHOT Ha f paillHHI.\a H KaHanoT CTygelflUl:IIITa npH IIITO 6erne H3BprneHa 
XliCTonaTOJIOllll<a aHaJIH3a Ha IlOBe:Ke BHT3JIHH opraHH Kaj OBOj eHgeMlP-IeH BHA OA 
Oxp11gcK0To e3epo. Bo oBoj TPYA ce npe3eHTHpaHH Haog11Te perncrpnpaHH BO U.PHHOT gpo6 
Ha HCilHTyBaHHTe egHHKH (Ta6erra 1) H AHCKYTHpaHO e 3HatJelbeTO Ha p;o6HeHHTe pe3yJIT3TH 
33 esanya~ja Ha füIOJIOIIIKHOT ogoroBop Ha MOpaHeJ._\OT Ha npHCYTHaTa nonyu;Hja BO 
OxpHACKOTO e3epo. ÜA oBoj acrreKT rroce6Ho BHHMaHHe 3aCJI)')K)'Ba nojasarn Ha npoJIB
cpepau;0ja Ha )KOJitJHHTe KaHaJIH R xonaHnroqn16po3a Kaj HeKoH o.n; HcmnyBaHHTe egHHKH 
(Cn. 5 H 6), lllTO MO)Ke ga ce CMeTa 33 cnel_\HcpHtieH xpoHHt{eH OAJ'OBOp Ha 3aragyBalbeTO. 
11HcpJiaMaTOpHH peaKI.\HH li rrojaBa Ha rpaHyJIOMH BO U.pHO,[{p06HHOT rrapemrnM, BO .o;en OA 
rrpeceu.1ne acon;MpaH co napa:mTHH HHcpecTau.HH, 6eIIIe 3aqecTeH H eKcreHJKBHO rrpncyTeH 
H30A, (Crr. 3 H 4). Kaj e.n;Ha OA HCIIHTyBaHHTe e)UiHKH perncTpRpaH e cpoKyc Ha KJleTO'IHa 
anTepau.1-1ja (Crr. 1) lllTO MO)l(e ga yK~Ba Ha rrpeHeorrnacnrtieH npol.\ec. Perncrp11pamne 
xenaTaJIHJA rre3HH Kaj MOpaHea;oT cyrepHpaaT oceTJUIBOCT Ha OBOj eH,o;eMH<JeH BHA Ha 
KOHTaMHHaHTHTe np11cyTHH BO 3ara,o;eHHTe per110HH og OxpHCKOTO e3epo lllTO 6apa 
BepHcpHKaU.Hja BO TJOHaTaMOIIIHH noorrce.)l<}llf Hcrpa 1KY13alba. 
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