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Abstract

The Kievka Bay is one of the cleanest regions on the Far East coast of Russia. There are no 
anthropogenic impacts on the coastal area, and thus the infl uence of pollutants on the state of fi sh health 
is minimized. Histopathological examination of black plaice was performed to study the background level 
of morbidity and the occurrence of pathological alterations in tissues of fi shes from this ecologically 
clean region. Different pathological alterations were detected in fi shes sampled. The most surprising was 
a disease of black plaice, where necrotic changes were found in the gonads of 28% of the males, and 
the destructive changes were absent in females. In the gills, pathogenic microorganisms were detected, 
which induced strong hyperplasia of the respiratory epithelium, fusion of lamellas, and necrosis of pillar 
cells, in 28% of the individuals. Diseases of the liver were recorded for two fi shes that comprised 8% of the 
total number, in one case – granulomatous infl ammation. Besides that some fi shes had a diffuse necrosis 
in the liver. In the kidneys of all sampled fi sh, parasites were present in the lumen of the renal duct, very 
likely a moderately pathogenic species, as the consequences of parasitism were insignifi cant and for a 
smaller part of fi shes – moderate. Thus, different pathological alterations were found in all investigated 
organs, and, in most cases, it was possible to establish their occurrence with parasitism.
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Introduction

Flatfi shes are widely used as bioindicators of contamination 
of the marine environment [1-4] including moderate and 
heavily contaminated parts of Peter the Great Bay, Sea of Japan 
[5]. In our previous investigations we used endemic species – 
barfi n plaice Liopsetta pinnifasciata and one of the most common 
species – black plaice Pseudopleuronectes obscurus [6]. The black 
plaice is a typical inhabitant of the upper subtidal. P. obscurus 
spends the greater part of its life in the near-shore zone, where 
various pollutants concentrate. Hence, it serves as an indicator 
species for the quality of the aquatic environment in Peter the 
Great Bay [7].  In terms of many parameters, the black plaice is 
more sensitive to pollution of marine environment than other 
species. Nevertheless, the occurrence of histopathological 
changes in this species from uncontaminated waters has not 
been studied. The aim of the present research was to evaluate, 
using biological, morphological, and histopathological indices, 
the state of the internal organs and tissues of fi sh from an 
uncontaminated reference marine area in Kievka Bay, Sea of 
Japan, in a case study of the plaice P. obscurus.

Materials and Methods

The investigation was conducted in a marine reference area 

in Kievka Bay, northwestern Sea of Japan (42°50’N, 133°37’-
133°43’E). Our interest to this bay is explained by the fact that 
it is located in sparsely populated area adjoining the State 
Reserve of Laso, the forest reserve in Russian Far East. This 
presumes the absence of any important human impact on the 
environment in the chosen area of study. The subject of the 
investigation was a widespread species in the area of study, 
the black plaice Pseudopleuronectes obscurus (Herzenstein, 1890) 
(Syn. Pleuronectes obscurus). Fish with body lengths ranging 
from 18 to 37 cm were caught with a set net from 25 June to 1 
July 2006 and 2007. The total number of fi sh studied was 28 in 
2006 and 30 individuals in 2007. Before dissecting, skin and 
gill chamber were inspected for the presence of ectoparasites. 
Total length (TL), standard length (SL) and total body weight 
(W) were recorded for each animal. During the dissection the 
ovaries and liver were removed and weighed. 

Condition factor (CF) was calculated according to Fulton’s 
formula: CF = (W × 100) / SL3, where W – total body weight, SL 
– standard length. Hepatosomatic index (HSI) was calculated 
according to: HSI (%) = (liver weight/total weight) × 100. 
Gonadosomatic index (GSI) was expressed as the percentage 
of body weight represented by the gonads: GSI (%) = (gonad 
weight/total weight) × 100. All values are expressed as the 
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mean ± standard deviation (M ± SD). Data on CF, HSI and GSI 
are presented for fi sh collected in 2006, no signifi cant changes 
of these parameters were found in 2007, so data are not shown.

Tissue specimens of liver, kidney, gills and gonad (0.8 × 0.8 
см) were fi xed with Bouin’s fl uid for 48 h, dehydrated through 
a graded series of increasing concentrations of ethanol, cleared 
in xylene and embedded in paraffi n.  Sections (5-6 μm thick) 
were stained with eosin-hematoxilin by the standard method. 
The state of the tissues and organs were examined under a light 
microscope Olympus BX41 (Olympus, Japan) equipped with 
digital camera C5060-ADU (Olympus, Japan). Occurrence and 
classifi cation of parasites in histological slides was established 
according to recommendations [8]. Liver tissues were analyzed 
for the presence of parasites, degenerative, infl ammatory, 
necrotic, and preneoplastic changes, which were identifi ed by 
generally accepted criteria [2,9].

Results

Condition factor of black plaice caught from 25 June to 1 
July varied from 1.97 to 3.38, with a mean value of 2.44 (Figure 
1). HSI ranged from 0.59 to 2.96, the mean in females 1.74 ± 
0.66 (N = 9), and in males 1.48 ± 0.43 (N = 17). GSI ranged 
from 0.05 to 2.28. Low values of GSI are characteristic for fi sh 
in the “rest stage”, higher GSI up to 2.28 was found in two 
females in the “beginning of vitellogenesis stage”. In females, 
the mean GSI was 1.05 ± 0.61 (N = 9), and in males, it was 0.20 
± 0.13 (N = 17). Ectoparasites were not numerous. Copepods 
were observed on the skin and in the gill chamber of 3 fi sh, a 
10.7% prevalence. For one black plaice, a skin growth on the 
fi ns was detected, presumably due to a trematode or nematode.  

The state of the liver of P. obscurus caught in Kievka Bay 
corresponds to norm on the majority of indices. The hepatocytes 
were organized in hepatic tubules, the blood capillaries and 
sinusoids were not enlarged. The size of hepatocytes varied 
slightly, conditioned by the amount of stored nutrients. The 
nuclei and nucleolei were large enough, testifying to the 
high synthetic activity at this time of year. A few types of 
histopathological changes were registered in the liver of P. 
obscurus from Kievka Bay. The vacuolation of hepatocytes was 
observed in the liver of four fi sh for a prevalence of 14%. The 
edema of the liver of black plaice from Kievka Bay was not 
detected. Karyopyknosis was detected in 18% of the fi sh. Small 
areas of hepatocyte necrosis were detected in 14% of fi sh and 
infl ammation in one fi sh (4%). Melanomacrophage centers 
(ММC) in the liver of plaice were few and small sized. The 
increase of their sizes was revealed in only one fi sh. Intensive 
granulomatous infl ammation was characterized by formation 
of a granuloma and intensive leukocytic infi ltration of 
enclosing tissues. This was well discernible in the background 
of hepatocytes with leucocytes migrating out the blood vessels 
to the damaged zone and surrounding the granuloma (Figure 
2a,b).

A few types of histopathological alterations were present 
in the same individuals, for example, for fi sh № 15 – the 
increase of ММC, granulomatous infl ammation, and necrosis 
of hepatocytes were detected, and for fi sh № 24 – necrosis, 

polymorphism of hepatocytes and their nuclei. Actually, only 
two fi shes suffered disease of the liver. 

In the gills of P. obscurus, a few types of histomorphological 
changes were observed, teratisms (frequency 7%), hyperplasia 
of the respiratory epithelium (18%) (Figure 3a), and parasitism 
(28%) (Figure 3b). In all cases the pathological changes were 
connected with presence of parasitic microorganisms that 
expressed a strongly pronounced tropism for the vascular 
system. The parasitophorous vacuoles microscopically were 
identical and were localized on lamella capillaries. The necrosis 
of pillar cells (confi ning capillary tubes) was localized close to 
vacuoles (Figure 3c). A second type of parasite, also at a very 
early stage of development, was localized inside of the cartilage 
of gill fi laments. The gill parasites were not identifi ed, but they 
have the defi nite tissue localization. 

In the kidneys of all examined P. obscurus, parasites 
localized in the lumen of renal duct and/or glomerulus 
(prevalence 100%). The morphological structure of those 
parasites was representative of Myxozoa, “the cell in a cell”, 
the secondary cells (spores) localized inside primary cells was 
observed (Figure 4a).  The damage induced by parasites was 
mostly minor although moderate in several individuals; single 
necrotic cells were found in the renal duct and sometimes they 
fi lled the whole renal duct. Multifocal distributed granulomas 
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Figure 1: Condition factor (CF), hepatosomatic (HSI) and gonadosomatic (GSI) 
indices of Pseudopleuronectes obscurus from Kievka Bay, northwestern Sea of 
Japan.

Figure 2: Histopathological changes in the liver of the plaice Pseudopleuronectes 
obscurus from Kievka Bay: a – intensive infl ammatory reaction around granuloma 
(G) on the background of hepathocytes (H). Arrows show two blood vessels from 
which leucocytes (L) migrated to the damaged area; b – magnifi ed view plate a. 
Granuloma in the center of infl ammation area consists of pale macrophages. Bar 
100 μm.
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were noted in the kidney stroma. The granulomas consisted 
of densely disposed macrophages and epithelioidal cells, with 
necrosis in the central part of the granulomas (Figure 4b). 

In the gonads of two females, the process of vitellogenesis 
had been started, while the gonads of all other females and 
all males were in the resting stage. Signifi cant pathological 
alterations were detected in the gonads of black plaice from 
Kievka Bay. Necrotic changes were detected in 28% of males. 
In pathologically changed tubules, very large, presumably 
spermatogenic cells, were present that broke apart when they 
reached this size (Figure 5a). The cellular debris fi lled the 
seminiferous tubules, yet were not broken down with nuclei 
fl oating in the unstructured mass. In injured testis the zones of 
hemorrhages and occasional severe infl ammation were noted (Figure 5b). The damage to the seminiferous tubules started 

at the surface of the testis (Figure 5c), and spread from the 
surface deep into the gonad (Figure 5d), thus the gonad was 
reshaped by superfi cial constriction. 

Discussion

Biomonitoring of fl atfi sh health has been conducted by a 
scientifi c team from the A.V. Zhirmunsky Institute of Marine 
Biology, now National Scientifi c Center of Marine Biology, in 
the coastal zone of Peter the Great Bay since 1995. Flatfi sh from 
the southwest part of Peter the Great Bay and Amursky Bay 
have been investigated in detail, with histopathological study of 
the internal organs and vitellogenin measurements sometimes 
performed [6,7,10]. Histopathological examination of fi sh from 
Kievka Bay was achieved for the fi rst time. Kievka Bay is one of 
the cleanest regions on the Far East coast of Russia. There are 
no anthropogenous inputs, and thus the infl uence of pollutants 
on the state of fi sh health is minimized. The present study 
determined condition factor according to Fulton, hepato- and 
gonadosomatic indices on one stage of the reproductive cycle. 
Because the sampling dates for black plaice collections have 
differed between this and other regions, it is not possible to 
compare the data from this study to other investigations. This 
information may be benefi cial later as more analyses of fi shes 
from contaminated regions takes place. 

Different pathological alterations were detected in the 
internal organs of black plaice P. obscurus from uncontaminated 
reference area in Kievka Bay. The most surprising fact is the 
disease of the black plaice, where necrotic changes in male 
gonads were marked, while the destructive changes were 
absent in females. The disease was noted in 2006 and 2007, 
with the prevalence about identical at 28%. On the diseases of 
fi sh from this water area is not known, but there is evidence 
that in the sea urchin Strongylocentrotus intermedius found 
spawning failure [11].

The pathology of the gonads has been frequently recorded 
in fi sh inhabiting the contaminated areas. Cases of large 
increase or decrease in gonad volume (sometimes their full 
absence), asymmetry of the paired gonads (at worst – the 
development only of one), and asynchronous maturation have 
been described. In male gonads, connective tissue constrictions 
can be formed and, as a consequence, – the formation of the 
twisted gonads, tucks, and segmentation. In some cases, dense 

Figure 3: Histopathological changes in the gills of black plaice Pseudopleuronectes 
obscurus from Kievka Bay: a – hyperplasia of the respiratory epithelium cells and 
fusion (arrow) of gill lamellae; b – parasitophorous vacuoles (arrows) in the gill 
lamellae; c – hyperplasia of the respiratory epithelium cells and necrosis of pillar 
cells delimiting capillaries (arrowhead) as a result of parasite presence (arrow). 
Bar 100 μm.

Figure 4: Histopathological changes in the kidney of Pseudopleuronectes 
obscurus from Kievka Bay: a – numerous multinucleated plasmodia located in the 
lumen of renal tubule, arrow points to destruction of several epithelial cells in renal 
tubule, b – granulomas (arrow) with central necrosis in the kidney tissue. Bar A – 
50 μm, B – 100 μm
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connective tissue appeared that resulted in the occlusion of the 
semen duct and degeneration of gonads [12]. Al so, it is possible 
to observe the gelatinous condition of the female gonads and 
the unusual pigmentation of the gonads [13]. No ne of these 
pathologies of the gonads were detected in P. obscurus from 
Kievka Bay. 

In previous studies, the pathological changes of the gonads 
in fl atfi sh from Peter the Great Bay have been recorded only in 
two cases. In female barfi n plaice Liopsetta pinnifasciata, living 
in the Amursky Bay, one of the most polluted areas in Peter 
the Great Bay of the Sea of Japan, abnormal oogenesis was 
described, characterized by mass atresia of ovarian follicles in 
the spawning period [14]. In male L. pinnifasciata from the same 
region the gonad pathology was exhibited in the appearance 
in the testis of melanomacrophages centers and pigmented 
granules in Sertoli cells. Such phenomena were seen in 20% 
of males and suggest the destruction of cells, or the presence 
of a pathogen. For 4% of the fi sh in the study that measured 
20 to 25 cm, a length where individuals should be puberal, 
the phenomena of a hypogonadism (depression of the testes 
function, reduction, or their full absence) [15] was  noted. The 
authors remarked that the degree of gonad differentiation was 
very low: in the central part of the testes the seminiferous 
tubules with lumen were present, close to the peripherals – the 
lumen of tubules were narrowed down and then were completely 
closed. The proliferation of Sertoli cells was noted along the 
walls of tubules or partially occluding the lumen. Along with 

the increase in the number of Sertoli cells (hyperplasia), their 
volume increase (hypertrophy) was also marked. The nuclei 
of Sertoli cells in abnormal testis were augmented by 25% as 
contrasted to those in a normal gonad. Spermatogenesis was 
lacking with only single spermatogonia detected. This type of 
testis pathology very seldom occurs in fi sh. Isolated instances 
are described and identifi ed by the terms hypogonadism [15] 
and  testis dysgenesis [16]. Thes e types of testis pathology are 
not characteristic for P. obscurus from Kievka Bay. Thus, the 
testis disease in black plaice from Kievka Bay was detected 
for the fi rst time. The necrotic changes were observed only 
in the gonads of males, not females. Comparative analysis of 
histopathological observations of the testis of black plaice from 
Kievka Bay shows that a similar disease was not seen in black 
plaice or in other fl atfi sh species from Peter the Great Bay. 

Pathology of the gonad of fi sh from contaminated areas 
is characterized by specifi c types of changes, in particular in 
phenotypic male fl ounder Platichthys fl esus from the Mersey 
estuary (UK) impacted by endocrine disrupting chemicals, uni- 
and bilateral intersex gonads with abnormal ovarian follicular 
components in the testis were observed [17]. Reduced testicular 
growth and sperm production was observed in male fi sh under 
experimental exposure to contaminants, for example in male 
rainbow trout Oncorhynchus mykiss exposed to four different 
alkylphenolic chemicals [18]. Very specifi c pathology of the 
testes or sperm ducts was observed in spotted gar Lepisosteus 
oculatus from Bayou Trepagnier, Louisiana, USA, a petroleum-
contaminated site, multilocular fl uid-fi lled cysts [19]. 

Figure 5: Histopathological changes in the testis of Pseudopleuronectes obscurus from Kievka Bay: a – hypertrophy and destruction of germ cells 
in semen tubules (arrows),  b – interstitial infl ammation (the boundary is delimited by arrows) in the testis with necrotic changes, c – the formation 
of the superfi cial constriction on the surface of the testis (arrow) and necrosis of seminiferous tubules in the testis (cross section through tubules);  
d – longitudinal section through necrotizing tubules (arrows). Bar a – 50 μm, b-d – 100 μm.
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The etiology of disease is not established yet. Examples 
of bacterial or viral infections, where the fi sh testis only 
would be affected have not been reported. There are other 
groups of pathogenic agents that do affect the testis. Among 
myxosporidians there are species that infect the gonads of 
males. Examples include Sphaerospora testicularis [20] and 
Henneguya testicularis [21]. The  fi rst of these parasites, S. 
testicularis, induces the destruction of seminiferous tubules, the 
decrease in a number or full elimination of mature spermatozoa. 
The pathogenic effect of the second species, H. testicularis, was 
not indicated. Additional studies are required for detection of 
a possible pathogenic agent of the testis necrosis noted in this 
study. 

There were granulomas in the kidneys and, in one case, 
the liver of black plaice from Kievka Bay. The formation of 
multiple granulomas is denoted by the term a granulomatosis. 
Granulomatosis is a nonspecifi c type of an infl ammation that is 
induced in fi shes by a variety of the different agents. A classic 
example is the infl ammatory response in fi shes, as well as in 
more highly organized vertebral animals, to bacterial infections 
by the genus Mycobacterium [22, 23]. Granulomatosis is induced 
also by other organisms, in particular some endocellular 
bacteria, Dermocystidium-like parasites [24] and Ichthyophonus 
hoferi [25]. The   formation of a granuloma contributes to 
the control of pathogens, which cannot be eliminated by 
phagocytosis or digested by macrophages. The granulomas in 
fi sh represent the compact, organized accumulation of mature 
monocytic phagocytes (macrophages and/or epithelioidal 
cells), although the cellular composition of granulomas can 
vary. In a black plaice, the forming of granulomas was tracked 
by a powerful infi ltration of enclosing tissues by leucocytes 
that suggests a strong immune response. Almost all detected 
granulomas had a necrotic center. 

Conclusion

Different pathological alterations were found in organs 
of black plaice from Kievka Bay, northwestern Sea of Japan. 
In most cases it was possible to associate these alterations 
with parasitism. The principal fi ndings are necrosis in the 
testis, hyperplasia of the respiratory epithelium, fusion of gill 
lamellas, necrosis of pillar cells in gills, and granulomatous 
infl ammation in the kidney and liver. The spectrum and 
occurrence of histopathological changes were lower than in 
fl atfi sh from contaminated parts of Peter the Great Bay, Sea of 
Japan. Several of the observed abnormalities in this study were 
found in fl atfi sh from Russian part of the Sea of Japan for the 
fi rst time.
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