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ABSTRACT: Hepatic megalocytosis in fish has been used as a bioindicator for exposure to xenobiotics. 
However, this lesion is also induced by natural toxins and has been observed in fish from apparently 
unpolluted waters. Hepatic megalocytosis was observed in 16.0 % of chinook salmon Oncorhynchus 
tshawytscha that had returned to spawn at 3 freshwater hatcheries on Vancouver Island. British 
Columbia (B.C.), Canada, and was observed in 7.0 % of ocean-caught chinook in this area. The lesion 
was not detected in 175 wild-caught sockeye salmon 0. nerka. A greater proportion of wild chinook 
were affected when compared to farmed chinook of a similar age that were reared in seawater netpens 
(12.3 vs 1.5 %). This survey demonstrates that hepatic megalocytosis is prevalent in wild chinook sal- 
mon in B.C., but the cause of the lesion is unknown. 

INTRODUCTION 

The liver of fish is known to be a target organ for 
xenobiotic toxicants and carcinogens (Myers et al. 
1987), and hepatic megalocytosis (HM) is often used as 
bioindication of exposure to such agents (Hinton et al. 
1992). HM, also known as megalocytic hepatosis, may 
be, in one interpretation, the failure of cell division in 
mitosis, resulting in polyploid hepatocytes with an ex- 
tremely enlarged cytoplasm and nucleus (Myers et al. 
1987, Hinton et al. 1992). The lesion has been induced 
in fish experimentally exposed to several chemical 
agents (Eller 1971, Couch 1975, Hinton et  al. 1978, 
Couch & Courtney 1987), and has been observed in 
wild fish from polluted waters (Myers et al. 1987, 
Peters et al. 1987, Hinton & Lauren 1990). However, 
epizootics of severe HM have been observed in fish 
that were not associated with exposure to a recognized 
xenobiotic (Kent et al. 1988, Kent 1990, Groff et al. 
1992), and this lesion is occasionally found in wild fish 
from apparently unpolluted waters (Malins et al. 1984). 
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Recently, as part of a disease survey, we found HM in 
several wild chinook salmon collected in coastal waters 
of southern British Columbia (B.C.), Canada. 

METHODS 

This survey was conducted between April 1991 and 
November 1992. Farmed and ocean-caught salmon 
were collected throughout the year, whereas salmon 
that had returned to fresh water to spawn were sam- 
pled in the autumn of 1991 and 1992. A total of 1340 
salmon were examined from 13 locations in coastal 
areas of Vancouver Island and off the southern main- 
land of B.C. Locations for fish collection were deter- 
mined by accessibility, cooperation with aquaculturists 
and fishermen, and availability of salmon. After killing 
the fish by a blow to the head, visceral organs were 
collected and then preserved in Davidson's solution 
(Humason 1979). The samples were prepared for 
routine histopathologic examination and slides were 
stained with hematoxylin and eosin. 

The spawning salmon ranged in weight from 3 to 
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8 kg and were estimated to be 3 to 4 yr old. All other 
fish, except for the freshwater group, were ocean- 
phase salmon, aged 1 to 4 yr, that ranged in weight 
from 0.5 to 5 kg. Farmed salmon were taken from 
commercial seawater netpen sites. Spawning wild chi- 
nook were collected at 3 freshwater hatcheries on 
Vancouver Island, B.C., and spawning wild sockeye 
salmon Oncorhynchus nerka were collected while re- 
turning to one of these hatcheries. Ocean-caught sal- 
mon, probably representing several stocks, were cap- 
tured in the lower Strait of Georgia off the east coast of 
Vancouver Island. Chinook were captured by cornmer- 
cial trolling and sockeye salmon were captured by 
commercial gill netting. The freshwater group con- 
sisted of one hundred 2 yr old male chinook that had 
been maintained in fresh water throughout their life. 
This group was held at a private hatchery and had 
been treated with testosterone during egg develop- 
ment to create an all-male (monosex) population. 

For an individual fish to be considered to have HM, 
several hepatocytes demonstrating nuclear pleomorph- 
ism and enlargement of both nuclear and cellular dia- 
meters had to be found upon histologic examination. 
The criteria for inclusion in this study also required 
that at least some of the affected hepatocytes and their 
nuclei were 5 times larger than normal (Figs. 1 to 3).  
Cases demonstrating mild hepatocyte nuclear pleo- 
morphism without significant increases in cell diame- 
ter were not included in the study. 

The severity of liver changes varied considerably 
among fish. Fish exhibiting subtle HM had only a small 
number of isolated affected hepatocytes distributed 
diffusely throughout an  otherwise normal liver. In 
severe cases essentially the entire liver parenchyma 
was affected (Figs. 1 & 2). In such cases, panhepatic 
megalocytosis resulted in disruption of the normal 
architecture of the liver. 

The common characteristic of all affected livers was 
the presence of hepatocytes with marked enlargement 
of nuclear and cytoplasmic diameters (Fig. 2), with 
some hepatocytes reaching 60 pm and containing nu- 
clei 30 to 35 pm in diameter. Affected cells exhibited 
an atypical distribution of chromatin within vesicular 
nuclei, and the nuclei were often hyperpigmented. 
Pseudoinclusions, caused by herniation of the cyto- 
plasm through the nuclear membrane, were evident in 
many of the hypertrophied hepatocyte nuclei (Fig. 2), 
and some hepatocytes were multinucleated. Hepato- 
cellular necrosis and inflammation were minimal in 
most cases. There were no significant gross pathologic 
changes evident in affected livers. Examination of 
other organs, including the kidney, spleen, heart and 
portions of the gastrointestinal tract, failed to demon- 
strate gross or histologic signs that would be consistent 
with intoxication. 

DISCUSSION 

The cause of HM in these salmon is unknown. 
RESULTS Hepatic megalocytosis is observed in livers of verte- 

brates, including fish, following experimental expo- 
Hepatic megalocytosis was most frequently observed sure to known hepatotoxicants (Hinton et al. 1992), 

in mature wild chinook that had returned to fresh and HM has been linked to exposure to anthropogenic 
water to spawn (Table 1). The lesion was seen in both contaminants, particularly carcinogens, in coastal ma- 
the 1991 and 1992 runs of spawning chinook. Hepatic rine environments (Myers et al. 1987, Hinton & Lauren 
megalocytosis was seen in a higher proportion of the 1990, Hinton et al. 1992). In addition, natural hepato- 
wild chinook as compared to the farmed fish (12.2 vs toxins such as aflatoxin (Wales 1967), pyrrolizidine 
1.5 %). The condition was not found in any of the sock- alkaloids (Hendricks et al. 1981, Maddocks 1986) and 
eye salmon nor in the freshwater-reared chinook. microcystin LR (Kent et al. 1992) can cause HM. 

We do not know the history of exposure 
Table 1. Oncorhynchus tshawytscha and 0. nerka. Prevalence of hepatic to xenobiotic contaminants for the sal- 
megalocytosis in chinook and sockeye salmon in British Columbia in 1991 mon in the present study. The cytomor- 

and 1992 phological charactenstics of the hepato- 
cytes in the affected salmon were not 
unlike those described for feral English 
sole Pleuronectes vetulus naturally ex- 
posed to multiple hepatocarcinogens 
(Myers et al. 1987). However, to our 
knowledge, the salmon in our study were 

Group n Prevalence (%) 

Wild salmon Spawning chinook 353 16.0 
Ocean-caught chinook 257 7.0 
Spawning sockeye 75 0 
Ocean-caught sockeye 100 ? 

Farmed salmon Spawning chinook 65 1.7 
Production chinook 390 1.5 
Freshwater chinook 100 0 

from pristine waters. 
The histologic changes in the chinook 

were also similar to those seen in netpen 
liver disease (NLD) of salmon, which is 
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suspected to be caused by a natural toxin (Kent 1990). 
Netpen liver disease affects seawater pen-reared 
Atlantic salmon Salmo salar, rainbow trout Oncorhyn- 
chus mykiss, and chinook at several locations in B.C. 
and Washington State, USA (Kent 1990). As with NLD, 
HM only occurred in fish that had resided in sea water 
(Table l), and was not associated with a recognized ex- 
posure to xenobiotics. In addition to HM, hepatocellu- 
lar changes consistent with NLD include the formation 
of nuclear pseudoinclusions, multinucleate cells and 
necrosis. Affected livers also exhibit chronic inflamma- 
tion. All of these changes occurred in the affected sal- 
mon in this study, except for prominent inflammation 
and necrosis. The latter 2 changes are more evident in 
early NLD, whereas HM can persist for many months 
after the affected fish are transferred to clean water 
and the acute changes have resolved (Kent 1990). 
Thus, the chinook in this study may have been suffer- 
ing from a chronic form of NLD. 

Observational and experimental evidence suggests 
that an algal toxin in the marine environment is the 
cause of NLD (Kent 1990). A chemical very similar to 
microcystin LR was detected in livers of fish with NLD 
(Andersen et al. 1993). Furthermore, lesions similar to 
those of NLD have been induced by injecting Atlantic 
salmon with purified microcystin LR (Kent et al. 1992). 
To our knowledge, HM has not been associated with 
microcystin exposure in higher vertebrates (Car- 
michael 1988) and other fish species, such as rainbow 
trout Oncorhynchus rnykiss (Phillips et al. 1985) and 
carp Cyprinus carpio (R5bergh et al. 1992). However, 
these studies involved acute exposure experiments, 
whereas most of the Atlantic salmon exposed to high 
levels of the toxin survived and HM became evident 
only 2 wk after exposure (Kent et al. 1992). As with 
NLD of pen-reared fish, the wild salmon may be ex- 
posed to toxins (e.g algal toxins) by feeding on fish or 
invertebrates that have accumulated toxins through 
the food chain. 

Hepatic megalocytosis may be observed in older 
mice (Frith & Ward 1980), but the lesions observed in 
our study were considerably more severe. It is possible 
that the lesion IS  age-related in this study as spawning 
salmon had a higher proportion of HM than younger 
fish in both the wild and farmed salmon. However, due 
to the use of convenience sampling methods, these dif- 
ferences in proportion cannot be interpreted as differ- 
ences in the true prevalence of HM in the populations. 
The influence of fish sex is not thought to be significant 
in the pathogenesis of HM in these salmon as the lesion 
was found in males, females and monosexed females, 
and the unaffected monosexed male fish were not sub- 
ject to the important variable, seawater exposure. 

The high prevalence of HM observed in the wild chi- 
nook suggests that the causative agent of this leslon in 

these fish is ubiquitous and available to wild and 
farmed salmon throughout the coastal waters of south- 
ern B.C. In addition, with a number of known causes 
of HM, it is possible that HM in the fish in this survey 
was caused by more than 1 agent. Although NLD has 
been diagnosed at several netpen sites in B.C. and 
Washington State (Kent 1990), the present study is the 
first report of prominent HM in wild and pen-reared 
chinook in B.C. The absence of the condition in sock- 
eye salmon was unexplained. Perhaps sockeye are ex- 
posed to lower concentrations of, or are more resistant 
to, the putative toxin. 

The observation of HM in wild fish from apparently 
uncontaminated water and the ability of natural toxins 
to produce the lesion demonstrates that caution must 
be exercised when one correlates HM with exposure to 
anthropogenic contamination. The possible association 
of HM with exposure to natural toxins and environ- 
mental pollutants further emphasizes that the patho- 
genesis and causes of this lesion in free and captive 
fish need to be more thoroughly investigated. 
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