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ABSTRACT 
 
 The present review is a part of a project that focuses on the relationship between environmental pollution 
and fish diseases. The persistence and ubiquitous nature of these pollutants coupled with their tendency to 
accumulate in organisms ultimately produce toxic reactions in aquatic biota, especially fish. This document 
gives a brief overview of the heavy metal. The overview deals among other issues, the toxic effects of pollutants 
on the aquatic biota with emphasis on fish and the public health implication. During the past two decades, a 
variety of histopathological alterations in fish and bivalves have been developed and used as biomarkers in 
pollution monitoring. Some of these have been successfully adopted in major national monitoring programs, 
while others, although show promise, are still in the experimental stage. This paper critically reviews the 
scientific basis, cause and effect relationship, reliability, advantages and limitations of 14 histo-cytopathological 
biomarkers [Fin erosion, Skeletal malformation, Epidermal hyperplasia, Operculum abnormalities, Liver 
histopathology, Gill histopathology, Kidney histopathology, Oocyte atresia,  Embryonic defect, Macrophage 
aggregates, Histopathology of mollusks, Lysosome integrity, Lipopigment content and Peroxisome 
proliferation] . The usefulness and practical application of each biomarker have been evaluated against a number 
of objective criteria including: ecological relevance, sensitivity, specificity, dose–response relationship, 
confounding factors, technical difficulties and cost-effectiveness. 
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Introduction 
 
 According to National Water Research Center (NWRC, 2000), the River Nile from Aswan to El-Kanater 
Barrage receives wastewater discharge from 124-point sources, of which 67 are agricultural drains and the 
remainders are industrial sources. Along Damietta branch, there are Talkha fertilizer plant, Kafer saad electric 
power station, Delta milk, Edfina factories, besides the sewage and domestic wastes discharging from the 
neighboring villages along Damietta (El- Serw and Ras El-Bar cities) without any treatment into the branch 
(RNPD, 1990 and Abdo, 2004). The River Nile at El-Rahway drain receives all sewage of El-Gieza governorate 
in addition to agricultural and domestic wastes of El-Rahway village and discharged these wastes directly 
without treatment into Rosetta branch (Tayel et al., 2008). 
 In aquatic ecosystem, heavy metals are considered as the most important pollutants, since they are present 
throughout the ecosystem and are detectable in critical amounts. Generally, metals enter the High Dam Lake 
(Nasser and Nubia) from a variety of sources, including: rocks and soils directly exposed to waters, dead and 
decomposing vegetation and animal matter, wet and dry fallout of atmospheric particulate matter and human 
activities, including the discharge of various treated and untreated wastes to the water body (Abo El Ella et al., 
2005). Metal contamination in the environment is an ongoing problem, particularly in aquatic environments, and 
there has been extensive investigation of metal effects on aquatic organisms (Niyogi and Wood, 2004). 
However, they likely show toxic effects when organisms are exposed to higher doses than those normally 
required. Other elements such as Pb and Cd are non-essential for (metabolic activities and exhibit toxic 
properties even with trace level (FAO, 1992). 
  Fish is an important source of protein to humans and other animals. Fish industry also offers employment 
opportunities to many people as well as income at household and national levels (FAO, 1996). The tilapias are 
freshwater fish that belong to the family Cichlidae, and they are exclusively associated with Africa and Middle 
East. Initially, tilapias were considered to be more resistant to bacterial, parasitic, fungal, and viral diseases 
compared to other species of cultured fish. In more recent years, however, tilapias have been found to be 
susceptible to both bacterial and parasitic diseases. The presence of the pathogen in the environment of the fish 
is inadequate to cause a disease outbreak. Other factors usually come in to play. This phenomenon is often 
precipitated by “stress” (Yanong and Francis-Floyd, 2002). Stress in fish may be induced by various a biotic 
environmental factors such as changes in water temperature, pH, oxygen concentration and water pollutants 
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including pesticides, insecticides, petroleum products and heavy metals. Biotic interactions such as predator 
pressure, parasitic and bacterial invasions, and strong competition with other organisms or among the fish in 
overcrowded areas as well as human activities related to fish rearing and harvesting can also be a source of 
stress (Witeska, 2005). Among environmental pollutants, metals are of particular concern, due to their potential 
toxic effect and ability to bioaccumulation in aquatic ecosystems (Censi et al., 2006). When fish are exposed to 
elevated levels of metals in a polluted aquatic ecosystem, they tend to take these metals up from their direct 
environment (Framobi et al., 2007). Transport of metals in fish occurs through blood and the metals are brought 
into contact with the organs and the tissues of the fish and consequently accumulated to different extents (Kalay 
and Canli, 2000). Prolonged exposure to heavy metals even in very low concentrations has been reported to 
induce morphological, histological and biochemical alterations in the tissues which may critically influence fish 
quality (Kaoud and El-Dahshan, 2010). 
 Fishes are considered as one of the most significant biomonitors in an aquatic system for the estimation of 
metal pollution concentration (Begum et al., 2005). They offer several specific advantages in describing the 
natural characteristics of aquatic systems and in assessing changes observed in habitats (Lamas et al., 2007). In 
addition, fish are located at the end of the aquatic food chain and may accumulate metals and pass them to 
human beings through consumption causing chronic or acute diseases (Al-Yousuf et al., 2000).  Heavy metals 
are non-biodegradable and once discharged into water bodies, they can either be adsorbed on sediment particles 
or accumulated in aquatic organisms. Fish may absorb dissolved elements and heavy metals from surrounding 
water and food, which may accumulate in various tissues significantly (Mohamed, 2008). 
 The heavy metals concentration in fish tissues reflects earlier exposure to water and/or food. Birungi et al., 
2007, studies from the field and laboratory experiments showed that accumulation of heavy metals in a tissue is 
mainly dependent upon concentrations of metals in water and exposure period; besides other environmental 
factors such as salinity, pH, hardness and temperature. The ecological damage of the aquatic environment are 
mainly related to anthropogenic factors as well as the presence of hazardous, infections and parasitizing agents 
(Silveira-Cohignya et al., 2004). Histological analysis is used in fisheries-related sciences to compare normal 
and pathological signs- related to diseases, toxicant exposures (Pieterse, 2004). Bacterial diseases are also, 
considered as one of the main cause of high mortalities among wild fish and farmed fish (Austin and Austin, 
2007). Clinical signs, whether external and/or internal caused by each pathogen are dependent on the host 
species, age and stage of the disease (acute, chronic, subclinic carrier). However, in some cases, there is no 
correlation between external and internal signs. In fact, systemic diseases (i.e. pasteurellosis, piscirickettsiosis) 
with high mortality rates cause internal signs in the affected fish but often present a healthy external appearance. 
On the contrary, other diseases with relatively lower mortality rates (flexibacteriosis, winter ulcer syndrome 
some streptococcosis) cause significant external lesions, including ulcers, necrosis and exophthalmia (Alicia et 
al., 2005). 
 The bioaccumulation of heavy metals in the different fish tissues has been studied by several investigators 
(Filazi et al., 2003 and Fernandes et al., 2008). Also (Soltan et al., 2005; Rashed, 2001; Thophon et al., 2003). 
Mohamed (2008) reported that The concentration of some heavy metals (Fe, Zn, Cu, Pb, Cd and Co) in water 
and liver, gills, intestine, testis, heart and muscle of O. niloticus and L. niloticus obtained from four khors (El-
Ramla, Kalabsha, Korosko and Toushka) of Lake Nasser, Egypt during 2006, followed an abundance of: 
Fe>Zn>Pb>Cu>Cd>Co (mg/L). The highest values of metals were reported in khor Toushka. It was found that 
the metals were accumulated in different tissues of both fish by various levels, where, the non-edible parts 
accumulated more metals than the edible muscles. Zn, Cu, Pb and Cd concentrations in the fish muscles were 
blow the maximum permissible limit; however, Fe in the muscles exceeded the permissible limit. It was found 
that the accumulated metals induced several histopathlogical alterations in the tissues of both fish. 
 Histopathological alterations can be used as indicators for the effects of various anthropogenic pollutants on 
organisms and a reflection of the overall health of the entire population in the ecosystem. These 
histopathological biomarkers are closely related to other biomarkers of stress since many pollutants have to 
undergo metabolic activation in order to be able to provoke cellular change in the affected organism. For 
example, the mechanism of action of several xenobiotics could initiate the formation of a specific enzyme that 
causes changes in metabolism, further leading to cellular intoxication and death at a cellular level. This 
manifests as necrosis at the tissue level (Bailey et al., 1996). Previous studies reported that the exposure of fish 
to pollutants (agricultural, industrial and sewage) resulted in several pathological alterations in different tissues 
of fish ((Marchand et al., 2009). 
 Histo-cytological responses are relatively easy to determine, and can be related to health and fitness of 
individuals which, in turn, allows further extrapolation to population/community effects. A wide range of histo-
cytological alterations in fish and bivalves have been developed and recommended as biomarkers for monitoring 
the effects of pollution. For instance, extensive studies in the USA (e.g. NOAA’s National Status and Trends 
Program) and Europe (e.g. the International Council for the Exploration of the Sea, ICES, and the North Sea 
Task Force Monitoring Master Plan) have established causal relationship between fish pathology and levels of 
pollution in the marine environment. In these programs, externally visible diseases and histopathological lesions 
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in fish served as primary indicators of exposure to contaminants, and certain diseases and lesion types have 
proven to be reliable biological indicators of toxic/carcinogenic effects resulting from such exposure. Recently, 
biomonitoring surveys in the Mediterranean Sea (the United Nations Environment Program) recommended the 
use of certain cellular responses in molluscs and fish as cytological biomarkers to assess the impact of pollution 
in coastal environments (Au, 2004). 
 Histological changes associated with heavy metals in fish have been studied by many authors (Thophon et 
al., 2003, Van Dyk et al., 2007 and Mohamed, 2008). On the other hand, no histopathological studies have been 
carried out on the fish of Lake Nasser. Mohamed (2008) determined the levels of some metals (Fe, Zn, Cu, Pb, 
Cd and Co) in water and tissues (liver, gills, intestine, testis, heart and muscle) of O. niloticus and L. niloticus 
obtained from four khors of Lake Nasser during 2006. Also, she studied the impact of such metals on the 
histological structures of tissues of both fish. 
 
Internal fish lesions: 
 
Gill histopathology: 
 
 The gills are not only the prime organs for gaseous exchange; it also perform several other physiological 
functions including osmoregulation and excretion. Gills have a large surface area in contact with the external 
environment; it is particularly sensitive to chemical and physical changes of the aquatic environment, thereby 
being the target organ in fish for pollutants carried by water (Mallatt, 1985; Mazon et al., 1999; Cerqueira and 
Fernandes, 2002). Cerqueira and Fernandes, (2002) moreover pointed out that because the gills are the principal 
site for gas exchange and other important functions such as ionic and osmotic regulation in addition to acid-base 
balance, histopathologic changes in the structure of these organs involve respiratory disturbances and electrolyte 
imbalance. Recent review articles on ambient toxicants in fish have clearly demonstrated that increased 
concentrations of several heavy metals seriously damage the gills of teleostean fish (Wenderlaar, 1997). 
Histopathological changes of gills such as hyperplasia and hypertrophy, epithelial lifting, aneurysm and increase 
in mucus secretion have been reported after the exposure of fish to a variety of noxious agents in the water, such 
as pesticides, phenol and heavy metal (Nowak et al, 1992). Proliferation in the epithelium of gill filaments and 
secondary lamellae, resulting in fusion of secondary lamellae, degenerative and necrotic changes in the 
epithelium of gill filaments and secondary lamellae and edema in secondary lamellae accompanied with 
separation of their epithelium from the lamellar supporting cells. Marked proliferation of mucous cells, curling 
of secondary lamellae, hemorrhage between gill filaments, and dilation in blood vessels of gill filaments and 
telangiectasis in secondary lamellae were observed in fish Oreochromis niloticus and Lates niloticus inhabiting 
Nasser Lake (Mohamed, 2008). 
 Effects of glyphosate herbicide on Tilapia was investigated by (Ayoola, 2008) filament cell proliferation, 
lamellar fusion, lamellar cell hyperplasia and epithelial lifting were observed. The major effects observed on the 
gills were Oedema, epithelial lifting, and thickening of the primary lamellar epithelium and fusion of secondary 
lamellae. The data concerning lead toxicity are mainly related to studies with mammalian subjects and to air-
borne pollutants.  
 Response of fish gill to stress/pollutant exposure seems not to be affected by the biology of the fish (sex and 
age) or seasonal factors. In general, gill histopathology appears to be a promising biomarker for general 
environmental contamination, although tissue preparation for gill histopathological study is time consuming. 
Diagnosis of gill histopathological alterations required clear objective guidelines and must be handled by 
experienced pathologists. Technical difficulty and cost effectiveness are considered to be high and medium, 
respectively. 
 Various authors such as Karlsson-Norrgren et al. (1985), Mazon et al. (2002), Cerqueira and Fernandes 
(2002), Oliveira-Ribeiro et al. (2002) and Thophon et al. (2003) can be cited in regard to utilizing the gills of 
fish as a tool for determining the toxicity of various pollutants in laboratory tests. Authors such as Jagoe and 
Haines (1997), Teh et al. (1997), Stentiford et al. (2003) and Flores-Lopes et al. (2005) have already utilized the 
gills of fish as a method of evaluating the presence of pollutants in natural environments. Field studies are 
important components for the evaluation and understanding of the biological and/or ecologic effects of chemical 
agents under natural conditions. 
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Fig. 1: Gills of fish showing the normal a, gill filaments (Fi) and lamellae (La), (X400); b epithelial lifting (Ep)  

of the lamellae  (X400); c dilation and congestion of the blood vessels of the  gill filaments (stars); d 
lamellar edema (Ed) (X400); e degenerative changes in the epithelium of gill  lamellae  (X400); f  
hyaline degeneration (ha) of epithelial cells between lamellae due to fusion and proliferated chloride 
cells (CC) (X400). 

 
Liver histopathology: 
 
 The liver, as the major organ of metabolism, comes into close contact with xenobiotics absorbed from the 
environment and liver lesions are often associated with aquatic pollution. 
 Liver of fish is sensitive to environmental contaminants because many contaminants tend to accumulate in 
the liver, making this organ exposed to a much higher levels (several orders of magnitude) than in the 
environment, or in other organs (Health, 1995). The US National Marine Fisheries Services (US NMFS) has 
conducted large scale surveys to determine the relationships between toxicopathic lesions in livers and exposure 
to chemical contaminants. Mohamed (2008) described the histopathological alterations in the liver of fish 
Oreochromis. niloticus and Lates. niloticus obtained from four khors (El-Ramla, Kalabsha, Korosko and 
Toushka) of Lake Nasser, Egypt, they included vacuolar degeneration in the hepatocytes, focal areas of necrosis, 
haemorrhage and haemolysis between the hepatocytes and dilation and intravascular haemolysis in hepatoportal 
blood vessels. Moreover, haemosiderin was seen around central veins and hepatoportal blood vessels. In some 
cases, thrombosis formation in hepatoportal blood vessels was observed. A total of 18 marine bottom fish 
species collected from 45 sites on the Pacific Coast (Malins et al., 1988; Varanasi et al., 1989; Myers et al., 
1993), and 22 sites on the Northeast coast (Johnson et al., 1992a,b), were studied. Similar extensive surveys 
have been carried out in Canada, Europe and Australia to assess the impact of environmental contaminants on 
fish health. These survey data generally show a good correlation between the concentrations of various 
persistent chlorinated hydrocarbons and metals, and liver lesions (Malins et al., 1988; Kohler, 1990.; Myers et 
al., 1992).  
 The recent study of Stehr et al. (2003) in Vancouver Harbour, Canada, had further demonstrated that the 
occurrence of toxicopathic lesions in liver English sole was statistically associated with concentrations of 
aromatic hydrocarbon (AH)  metabolites in sediment and AH metabolite levels measured in bile. In general, 
liver histopathological lesions are not specific to pollutants. Furthermore, not all hepatic lesions identified in 
feral fish can be used as biomarkers since certain liver lesions appear to be species specific. For example, 
exposure to PAHs, PCBs, DDTs, chloranes and dieldrin increases the prevalence of a wide range of liver lesions 
in English sole (Pleuronectes vetulus) (i.e. neoplasms, foci of cellular alteration (FCA), megalocytic heptosis 
(MH), hepatocellular nuclear pleomorphism (NP), hydropic vacuolation (HV)); while in winter flounder 
(Pleuronectes americanus), exposure to PAHs, DDTs or chlordanes significantly increased the risk for HV, non-
neoplastic proliferative lesions, non-specific necrotic lesions, but not neoplasms and FCA (Schiewe et al., 1991; 
Johnson et al., 1993; Myers et al., 1993).  
 Species-specific differences in sensitivity to chemicals and differences in regional distribution of chemical 
contaminants may explain some of the variations of chemical risk factors observed among species, lesions types 
and between studies (Stehr et al., 1997). Other confounding factors (e.g. season) also have a significant 



5798 
J. Appl. Sci. Res., 9(11): 5794-5810, 2013 

influence on the prevalence of hepatic lesions in winter flounder. For example, a higher prevalence was found in 
spring than in winter, when spawning migration was taking place (Johnson et al., 1992b; Johnson et al., 1993). 
Fish age also affected the occurrence of certain hepatic lesions including, neoplasms, FCA, HV, non-neoplastic 
proliferative lesions in several fish species (Myers et al., 1993). 
 

       
a                                                      b 

  
c                                                        d 

 
Fig. 2:  a liver of fish showing the normal hepatocyts with cytoplasm and nucleus (n) (X400); b  dilation with 

intravascular haemolysis (he) in blood vessel (X400); c fatty degeneration (fa) (X400);  d Architectural 
and structural alterations with haemolysis of blood vessel (x400) 

 
Kidney histopathology: 
 
 Kidneys of marine fish play an important role in maintaining osmotic homeostasis. Moreover, renal tissues 
receive large volumes of blood flow and serve as a major route of excretion for metabolites of various 
xenobiotics. Since renal tissues are potentially continuously exposed to toxic chemicals, the risk of effects is 
high. Non-specific kidney histopathological lesions (e.g. degenerative changes in tubular epithelium, dilation of 
tubular lumina, proteinaceous or cellular casts within tubular lumina, tubular necrosis and/or epithelial 
desquamation, and necrosis of interstitial hematopoietic tissues) have been observed following exposure of fish 
to organochlorines, petroleum compounds, organophosphate, herbicides and heavy metals (Meyers and 
Hendricks, 1985; GlobalTox, 1997). Surveillance of 17 species of bottom fish at 45 sites in the West coast of 
(USA between 1984 and 1988) showed that fish age, but not sex, was significant in affecting necrotic and 
sclerotic kidney lesions (Myers et al., 1993). Prevalence of kidney lesions in four fish species was associated 
with xenobiotic exposure; however, their kidney lesions were far less frequent than hepatic lesions (Myers et al., 
1993). Data from studies carried out by the USEPA in Long Island showed that only 3% of winter flounders 
collected from polluted sites with the highest levels of organic chemicals in sediment showed renal necrotic 
lesions (Gronlund et al., 1991), suggesting that renal disease may not be very responsive to pollution. Indeed, 
kidney lesions examined in winter flounders collected from 22 northeast coastal sites in the USA also showed 
little relationship with exposure to environmental contaminants (Johnson et al., 1992b). Concentration of 
aromatic hydrocarbons (AHs) in stomach contents was the only significant risk factor for renal necrotic lesions, 
while no relationship could be found between proliferative lesions / sclerotic lesions and chemical 
measurements (i.e. levels of AHs in sediment, liver, stomach or bile) (Johnson et al., 1992b).  
 Owing to the poor sensitivity and lack of a clear dose–response relationship, kidney histopathology in fish 
is less commonly used as a bio-indicator of xenobiotics exposure, as compared with liver histopathology. 
Nevertheless, kidney histopathology in some feral fish shows promise as an indicator of organic contaminant 
exposure (Myers et al., 1993). Similar to other histological studies, quantitative measures of kidney pathology 
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are technically difficult and may not be very cost-effective in routine monitoring, especially considering that 
low prevalence correspondingly demands a very large sample size to discern differences between populations. 
 

  
a                                                                b 

 
Fig. 3: a Kidney of fish showing the normal renal tubules (r), haematopoietic tissue (ht) and 

melanomacrophages (MMC) (X400); b severe vacuolar degeneration with hypertrophy of the 
epithelial cells of the renal tubules and congestion between haematopoietic tissues. 

 
Reproductive abnormalities: 
 
 The presence of pollutants has been associated with decreased fertility and other reproductive abnormalities 
in birds, fish, shellfish and mammals and also altered immune function. Heavy metals like mercury and 
cadmium are known to accumulate in marine organisms and cause rapid genetic changes (Nimmo et al., 1978, 
Nevo et al., 1986). The toxicity of these elements is due to their ability to cause, oxidative damage to living 
tissues. Damage includes enhanced lipid peroxidation, DNA damage, enzyme inactivation and the oxidation of 
protein sulfydryl groups (Taiz and Zeiger, 1998). Toxic heavy metal can cause dermatological diseases, skin 
cancer and internal cancers (liver, kidney, lung and bladder), cardiovascular disease, diabetes, and anaemia, as 
well as reproductive, developmental, immunological and neurological affects in the human body. Chronic 
pollution may lead to a decrease in quality of gametes, thereby impairing reproductive success and posing a 
significant threat to the sustainability of fish population/community.  
 Oocyte atresia, characterized by degeneration and necrosis of developing ova, occurs in the ovaries of all 
fish species but can become pathologic following exposure to xenobiotic compounds (Hinton et al., 1992). The 
mechanisms leading to development of this pathological symptom are not certain, but Billig et al. (1993) 
suggested that apoptosis may be the underlying mechanism. Numerous studies have demonstrated a significant 
increase in oocyte atresia in fish upon chronic sublethal exposure to aromatic and chlorinated organic 
compounds (Saxena and Garg, 1978; Cross et al., 1984; Nagler et al., 1986; Cross and Hose, 1988), heavy 
metals (0.1 mg/L mercury chloride) (Saksena and Agarwal, 1986), fuel oil (2.5–5%) and naphthalene (0.5–1 
ppm) (Thomas et al., 1995; Marty et al., 1997). However, contrasting results were observed for winter flounder 
and English sole.  
  Oocyte atresia and estradiol concentrations in plasma were not depressed in winter flounder collected from 
PAH-contaminated sites, nor in fish with high body burden of PCBs or FACs in bile (Johnson et al., 1992a). 
English sole from contaminated areas showed a high prevalence of impaired/inhibited gonadal development, 
which showed a statistically significant correlation with elevated concentrations of FACs in bile (Johnson et al., 
1988). This may be attributed to species specific differences in metabolism or sensitivity to contaminants. 
Behavioral differences, e.g. the migratory patterns of fish, and the stage of sexual development may also be 
confounding factors contributing to the observed discrepancy. Female flounder typically spend extended periods 
in offshore cleaner waters in summer, and migrate to highly contaminate urban estuaries in the winter for 
spawning; while English sole remain in contaminated estuaries for most of their life cycle (Johnson et al., 
1992a).  
 Oocyte atresia and impaired ovarian growth were not observed in flounder after chronic (12 weeks) dietary 
exposure to PAHs (phenanthrene/chrysene) when exposure experiments were completed before vitellogenesis 
(Monteiro et al., 2000). 
  Therefore, a good understanding of the behavioral and reproductive cycle (i.e. timing of oocyte maturation) 
of fish is essential before oocyte atresia can be employed as a histopathological marker for xenobiotic exposure, 
as these biological factors may influence the animal’s response to contaminants. Examination of pathological 
symptoms in gonads requires routine histological techniques and preparation. Mohamed (2008) described the 
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histopathological alterations in the gonad male only of two fish species O. niloticus and L. niloticus in Lake 
Nasser and observed degenerative and necrotic changes in the cellular elements, including spermatogonia, of the 
seminiferous tubules in the testis of both fish result in permanent testicular damage and may reduce the ability 
of fish to reproduce. High metal accumulation occurring in the testis, affects the process of spermatogenesis and 
suppressing sperm production. 
 

   
a                                                b                                                c 

    
d                                                        e                                                        f 

 
Fig. 4: Ovary of fish showing the normal mature oocytes (stars) and zona radiata (arrows), (X100); b 

degenerated zona radiate (arrows) and nucleus (stars) (X100); c dilated vitellogenic space and different 
shapes of atretic follicles (arrows); d testis of fish showing normal spermatogonia (arrows), normal 
spermatocytes in cycts (white stars), spermatids (black stars) and sperms (head arrows) (X200); e 
degenerative changes in the seminifrous tubules (stars) (X200); f  degeneration  of different 
spermatogenic stages (stars) and degenerated wall of the tubules (X200). 

 
Melano-macrophage centre: 
 
 Morphologically are usually nodular with a delicate argyrophilic capsule and generally closely applied to 
vascular channels (Agius 1979a). The macrophages are normally closely packed to form large aggregates and 
are enlarged after active phagocytosis of heterogeneous materials, such as cell debris, melanin pigments, 
haemosiderin granules and lipofuscin residues (Agius & Agbede 1984; Agius 1985), as well as lipid droplets, 
basic protein aggregates and neutral mucopolysaccharide (Herraez & Zapata 1986).  
 The morphological appearance of the melanomacrophage centres may vary in different species (Roberts, 
1975; Agius 1980, 1985), organs (Agius 1979 b; Kranz & Peters, 1984), and also in different physiological 
conditions within the same species, such as age (Agius, 1979a; Agius & Roberts, 1981; Wolke et al., 1985; 
Kranz & Gercken, 1987), starvation (Agius & Roberts, 1981; Agius, 1983; Agius & Agbede, 1984), tissue 
breakdown (Agius 1979a, 1981b, 1983; Agius & Roberts 1981; Kranz 1989), iron and haemoglobin metabolism 
(Fulop & McMillan 1984), pathological and inflammatory conditions (Roberts 1975; Ellis 1980; Vogelbein, et 
al., 1987) and immunological processes, including antigen trapping (Ellis, 1980; Agius 1981b and 1985.; Fulop 
& McMillan, 1984). There are also published data on changes in the number and capacity of macrophages 
caused by environmental changes (Kranz & Gercken, 1987; Fournie et al., 2001).  
 Furthermore, Peters & Schwarzen (1985) suggested that stress itself may induce cellular changes in fish 
tissues, the main effects including increased macrophage-like cells and enhanced red blood cell degradation. 
The pigments of melano-macrophage centre (Melanin, Haemosiderin and Lipofuscin). 
 
Functions: 
 
 Functions ascribed to melano-macrophage centre are many, including storage of cell-derived phospholipid 
and iron following erythrophagocytosis (Agius, 1979b, 1981a; Agius & Agbede, 1984) and deposition of 
resistant pathogens such as bacterial and parasitic spores (Roberts 1975) and antigen processing in immune 
responses (Agius, 1985); Agius (1979b) first demonstrated that iron storage is markedly increased in splenic 
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melano-macrophage centers after induced erythro-phagocytosis. In splenectomized fish, the iron storage role is 
assumed by the kidney melano macrophage centre (Agius, 1980). Many studies suggest that the general function 
of the centre is the focalization of destruction, detoxification or recycling of endogenous and exogenous 
materials (Ferguson, 1976; Ellis, 1980; Herraez & Zapata, 1986). Therefore one of the key functions of melano-
macrophage centers is considered to be their role as metabolic dumps for the relocation of debris of effete or 
damaged cells, including red blood cells (Roberts, 1975; Agius, 1980; Fulop & McMillan, 1984). As might be 
expected in a structure with such a function, it has also been observed that these centers increase in size and 
number as fish grow older and tissues degenerate (Agius, 1981a; Brown & George, 1985). 
 
Macrophage aggregates: 
 
 Macrophages are large, irregularly shaped cells which ingest particles by phagocytosis (Rice, 2001). 
Macrophages, present in liver, spleen and kidney, engulf cellular debris and microbes inside the organ. 
Macrophage aggregates (MA) in fish has been proven to be a sensitive but non-specific indicator of exposure to 
environmental contaminants (Rice, 2001). Liver/splenic MA hyperplasia were generally reported in a variety of 
fish species (e.g. winter flounder, English sole rainbow trout, common jollytail Tasmanian blennies) inhabiting 
degraded environments (Myers et al., 1987; Murchelano and Wolke, 1991), exposed to pulp mill effluent ( Khan 
and Payne, 1997; Woodworth et al., 1998) and areas with elevated levels of xenobiotic chemicals ( Braunbeck, 
1998).  
 A good dose–response relationship was exhibited between splenic MA areas in winter flounder and the 
levels of benzo (a) pyrene in surface sediments collected from eight English coastal and urban embayments of 
varied degrees of environmental degradation (Hinton et al., 1992).  
 A higher degree of macrophage aggregates in stressed fish may possibly be related to a higher content of 
cellular debris resulting from necrosis / degeneration of tissues and /or a higher susceptibility of the fish to 
microbial infections.  
 A number of confounding biological factors (e.g. starvation, bacterial infections, parasitic infestation) and 
physical factors (e.g. heat stress) may be responsible for increased MA in fish (Wolfe, 1992; Teh et al., 1997).  
 Age has been shown to be a confounding factor in the formation of MA in yellow perch (Brown and 
George, 1985), but not in winter flounder (Wolke et al., 1985; Gardner et al., 1989). Examination of 
liver/splenic MA required standard tissue preparation procedures for routine histological study. Although MA is 
easy to identify, quantification of area /density/frequency occurrence may be time consuming.  
 
Melano-macrophage centers and their role in fish pathology: 
 
 The tissues of heterotherms are particularly distinguished from those of higher animals by the wide 
distribution of pigmented cells within them. In addition to the pigment cells of the skin, which are 
predominantly dermal in location, rather than epidermal, pigment-containing cells are found in the peritoneum, 
around blood vessels and lymphatics, in the stroma of haemopoietic tissue and within healing wounds (Roberts 
1975). Melano-macrophage centers are distinctive groupings of pigment-containing cells, generally encountered 
within the reticulo-endothelial supporting matrix of haemopoietic tissues (Fig. 4). In teleosts, haemopoiesis is 
principally located within the stroma of the spleen and in the kidney interstitium. To a lesser extent there is also 
an element of haemopoiesis in the peri-portal areas of the liver, the intestinal submucosa and the thymus, where 
they may also occur. There are also reports of their occasional occurrence in gills, brain and gonads (Macchi, et 
al., 1992). Adventitious melano-macrophage centers may also develop within maturing chronic inflammatory 
lesions. 

 
Fig. 5: Normal histological structure of spleen showing characteristic dark brown focal melano-macrophage 

cells .H & E. (X 100). 
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 Owing to the complex functions of macrophages, Broeg et al. (1999) recommended that background data 
such as lysosomal stability and lipid content of the liver should be included in order to obtain information about 
the pathological status of the tested animal. 
 
Evaluation of histo-cytological biomarkers for monitoring marine pollution: 
 
 Although it has not been completely demonstrated, it is likely that histopathological symptoms described in 
fish and bivalves (i.e. gill, liver and kidney lesions) may decrease individual fitness through disturbing the 
homeostasis and proper functioning of vital biological processes (e.g. detoxification, endocrine functioning, 
respiration, osmoregulation, nutrient absorption). Likewise, impairments of reproductive success of fish through 
a reduction of gamete (i.e. oocyte atresia) and embryo quality (i.e. embryonic defects) may affect recruitment 
and eventually leading to deleterious population effects. Importantly, these histopathological symptoms are 
highly ecological relevant. Percent pathological incidence can be determined in field samplings, thus allowing 
quantitative predictions to be made on population/community effects. Many of these pathological symptoms 
have already been applied in field monitoring to be useful in practical and routine monitoring; biomarkers 
selected should be ecologically relevant so that prediction of environmental changes can be made. They should 
also be sensitive and responsive to environmentally realistic concentrations and preferably exhibit a good dose 
response relationship to levels of pollution.  
 The responses should be specific and not profoundly affected by confounding factors. Sampling and 
analysis should be relatively simple and not technically demanding, so that scientific information for 
environmental management can be collected in a cost effective manner (Calow, 1992; Rainbow and Phillips, 
1993; Connell et al., 1999). The applicability of each of the reviewed histo-cytopathological markers in 
pollution monitoring has been evaluated against the above objective criteria (Table 1).  
 A major advantage in employing externally visible fish diseases as well as liver tumors is that they are easy 
to observe, and therefore offer a cost-effective monitoring tool. Cost effectiveness can be further enhanced by 
incorporating this as an on-board observations/examinations program in normal commercial fishing. Moreover, 
the symptoms can be easily understood by the general public, laymen and legislators, and hence can be easily 
interpreted in term of the ‘‘health status’’ of the marine environment. Some of these fish diseases (i.e. liver 
tumors, skeletal deformities, operculum abnormalities), however, may not be suitable for use in young fish 
owing to a long latent period for disease development. Fin erosion occurs commonly in all fish species 
regardless of age and sex, which is useful for monitoring purposes, but caution must be taken to distinguish fin 
erosion from gear damage of fin rays (for details see ICES, 1996). Except for kidney histopathology, gill and 
liver histopathology's are highly sensitive to pollutant exposure, and certain hepatic lesions in fish have been 
well correlated with contaminant exposure. 
 Since technical difficulty is high for symptom diagnosis and the technique is not highly cost effective, liver 
and gill histopathology's are less frequently used for routine monitoring. Conversely, cytological structures e.g. 
lipopigments, lysosomes and peroxisomes, which occur commonly in most living cells, are easy to identify. 
Lysosome integrity in molluscan digestive cells has served as a simple and cost-effective approach for pollution 
monitoring. 
 
Table 1: An evaluation of the 14 histo-cytological biomarkers, against nine objective criteria, for biomonitoring of marine pollution. 

 
Biomarkers 

Ecological 
relevance 

Sensitivity Dose–response 
relationship 

Confounding 
factors 

Technical 
difficulties 

Cost 
effectiveness 

Fin erosion M H H M L H 
Skeletal 

malformation 
M H H H L H 

Epidermal 
hyperplasia 

M H H ? L H 

Operculum 
abnormalities 

M ? ? M M M-H 

Liver 
histopathology 

H M-H H M H M 

Gill histopathology H H H L-M H M 
Kidney 

histopathology 
H L ? M H L 

Oocyte atresia H H H H M M-L 
Embryonic defect H H H M H M 

Macrophage 
aggregates 

M H H H M M 

Histopathology of 
molluscs 

H H ? ? H M-L 

Lysosome integrity L-M H H H M H 
Lipopigment 

conten 
L-M H M-H ? M-H M-L 

Peroxisome 
proliferation 

L-M M M-L H M-H M 

L: low;   M: medium;    H: high;      ?: unknown 
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Proposed methodology: 
 
 For each organ investigated, the respective pathological changes are classified into five reaction patterns. 
These patterns represent a slight modification of the classification of Takashima & Hibiya (1995), and are also 
in accordance with the recommendations of Sindermann (1979), who proposed this classification for the 
histopathological assessment of experimental studies. A similar categorization is found in the National Oceanic 
and Atmospheric Administration (NOAA) quality assurance program on marine fish histopathology (Susani et 
al., 1986), where among others, the organs included in the present study were examined.  
 Each reaction pattern includes several alterations which concern either functional units of the organ (e.g. 
epidermal and dermal parts of the skin) or an entire organ.  
 
1- Reaction pattern circulatory disturbance:  
 
 Circulatory disturbances result from pathological condition of blood and tissue fluid flow. Fluid content 
alterations in tissues related to inflammatory processes (e.g exudates) are considered in reaction pattern 4. The 
alterations included here are :  
a. Haemorrhage/hyperaemia/aneurysm: Blood leaking from blood vessels (haemorrhage), congestion of 
blood in an organ caused by venous as well as arterial processes (hyperaemia), and well-outlined dilations of 
arterial blood vessels (aneurysm). 
b. Interlamellar oedema: Stagnant tissue fluid which has leaked from capillaries into tissue. 
 
2- Reaction pattern regressive changes: 
 
 Regressive changes are processes which terminate in a functional reduction or lose of an organ. These 
involve atrophy, degeneration (malformation or dysfunction of cellular structures as a result of cell damage) and 
necrosis. This reaction pattern involves the following alterations: 
a.   Architectural and structural alterations:  Changes in tissue structure as well as in shape and arrangement 
of cells. 
b. Plasma alterations: Changes in cellular plasma caused by hyaline droplets (granular degeneration), colloidal 
droplets (colloid degeneration), degenerative fatty vacuolation or hydropic glycogen droplets (glycogen 
degeneration), 
c. Deposits: Intercellular accumulations of substances primarily caused by degenerative processes. 
d. Nuclear alterations: Changes in die nuclear shape and structure of chromatin (e.g. karyopykno-sis and 
karyorrhexis). 
e.  Atrophy: Reduction in number and volume of cells and/or a decreasing amount of intercellular substances. 
f. Necrosis: Morphological state of a cell or a tissue which appears after irrevocable loss of cell function 
 
3-Reaction pattern  progressive changes: 
 
 Progressive changes are processes which lead to an increased activity of cells or tissues. Typical lesions are: 
a. Hypertrophy: Enlargement of cell volume or tissue without increase in cell number. 
b. Hyperplasia: Enlargement of tissue or organ by a greater number of cells without change in volume of die 
cells. 
 
4-Reaction pattern: inflammation: 
 
 Inflammatory changes are often associated with processes belonging to other reaction patterns (e.g. 
oedema). Therefore, it is often difficult to attribute inflammatory changes to one single reaction pattern. Hence, 
present authors use the term 'inflammation' in a very strict sense: 
a. Exudates: Fluid containing a high protein concentration, and a large amount of cellular debris exuded from 
blood and lymph vessels. 
b. Activation of the reticulo-endothelial system (RES): Hypertrophy of die RES, which consists of 
endothelial cells and macrophages that line small blood vessels. 
c. Infiltration: Leucocytes penetrating the walls of blood vessels and infiltrating the surrounding tissue. 
 
5-Reaction pattern: tumour (neoplasm): 
 
 A tumour is an uncontrolled cell and tissue proliferation (autonomous proliferation). Tumours are divided 
into two classes: 
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a. Benign tumour: Differentiated cells which replace or displace the original tissue; these tumour cells 
resemble the cells of the normal tissue. 
b. Malignant tumours: poorly differentiated, rapidly multiplying cells which invade and destroy resident 
tissues; metastasis may be observed. 
 
Guidelines for field sampling: 
 
 Along with pollution, several other exogenous conditions may influence die histopadiological features of an 
organ. To minimize the histological changes which are caused by variables dietitian irritants, a standardized 
selection of the sampled material must be taken into account. Some variables which could affect the histological 
appearance are briefly considered below. These reflect the present authors' experience and are in accordance 
with the recommendations of ICES (1997). For a thorough interpretation of histopathological results, it is most 
important to take into account all these features. 
 
Sample size: 
 
 The sample size is a very important factor in every histopathological monitoring programme. However, 
there is no absolute recommendation for an optimal sample size because the latter varies according to the 
objectives of a study. 
 
Species: 
 
 The sensitivity to pollutants, as well as the pollution-induced histopathological features, may vary within a 
wide range depending on the species (e.g. Braunbeck, et al., 1992). Therefore, a comparison of results from 
different sites should be based on samples from the same species 
 
Age: 
 
 The age of all fish should be recorded since the age of stocks will strongly determine the range and nature 
of pathologies (e.g. neoplasms are significantly more frequent in older fish). The determination of the age can be 
done by reading of scales, otoliths or interopercular bones. However, these techniques are time consuming and 
need experience. As a compromise, it is recommended to sample fish of a standardised size range within one 
species. 
 
Sex and stage of sexual maturity: 
 
 Sex and stage of sexual maturity should be noted since both factors are known to potentially influence 
histological appearance of certain organs. 
 
Sampling season: 
 
 Seasonality may play an important role in many pathological conditions of fish and can be explained by 
influence of temperature e.g. on the biology of causative agent or immune system of poikilothermic animals or 
by the role of hormonal variations in disease susceptibility. 
 
Migration: 
 
 Migrations during die life-cycle (e.g. for spawning), but also quick flight reactions to a short-time pollution 
peak (Triebskorn et al., 1997), can affect the distribution of diseased fish wild in a geographical region. To 
allow a comparison of samples from different sites, it is recommended diet sampling within die same season is 
performed, preferably when fish are on their primary resident feeding grounds. 
 
Discussion: 
 
 Many publications have addressed the issue of induction of histological lesions by irritants. However, the 
methods for evaluating histopathological lesions are raider divergent. In some publications, lesions have only 
been described morphologically (Mitz & Giesy, 1985; Hinton et al., 1987). 
 Other studies concentrated on a few alterations in an organ and assessed their extent by using a scale. This 
allowed statements on abundance and intensity of lesions (Couillard et al., 1988; Bucher & Hofer, 1993; 
Haaparanta et al., 1997). However, the use of different methods and assessment scales as well as the inclusion 
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of different histological changes has always made it difficult to compare different studies. Therefore, a 
standardized assessment method is urgency needed. 
 Efforts to standardize the judgement of histopathological lesions have already been made. There is 
agreement on the classification of liver alterations in regional and national surveillance projects for the 
assessment of the influence of contamination in coastal and estuarine waters on marine bottom-dwelling fish 
(Johnson et al., 1992a; Myers et al., 1993; ICES, 1997). The following classification has been accepted: 
neoplasms, foci of cellular alterations, unique (specific) degenerative lesions, general (non-specific) necrotic 
/degenerative changes and non-neoplastic proliferative lesions.      Additionally, vascular abnormalities and 
anomalous storage conditions have been recommended as diagnostic criteria by ICES (1997). In contrast, 
lesions in kidney are categorized as necrosis, proliferation and sclerosis, as described by the National Benthic 
Surveillance Project on the Pacific (Myers et al., 1993) and the North-east Coast (Johnson et al., 1992a). Thus, 
different histological evaluations of the two organs prevent a direct comparison of the degree and significance 
of organ damage.  
 A further advantage of categorizing histopathological lesions lies in the possibility of assessing which 
organs have been damaged and to what extent changes have been induced. This is an important prerequisite for 
surveillance and monitoring projects. However, it must be appreciated that the categorization of pathological 
findings results in a simplification, particularly because the method has to be applicable to different organs 
Recent, modern diagnostic methodologies for the detection of exposure to contamination have been well 
established for the liver. Most of these biomarkers are designed to detect cellular/subcellular (e.g. lysosomal 
membrane stability), or biochemical and molecular responses [e.g. enzyme-altered foci (G6PDH), proliferating 
cell nuclear antigen (PCNA), CYP1A and DNA adducts]. These are early indicators of biological damage and 
some can be induced experimentally within a few days (Collier & Varanasi 1991; Stein et al., 1992). Although 
Myers et al. (1994) have shown in fish that a significant correlation between biochemical changes and 
histological lesions in the liver can be drawn; these early response biochemical markers cannot totally substitute 
the assessment of histopathological lesions as a marker for chronic exposure to pollution. Therefore, in many 
regional and national programmes, cellular/subcellular and biochemical biomarkers, as well as histopathology, 
are included in a decision-tree-type model (Adams et al., 1989; ICES, 1997; Triebskorn et al., 1997). For 
monitoring of early changes, cellular / sub-cellular and biochemical biomarkers are used, followed by 
histopathology which partly considers endpoint effects. These considerations further support the importance of 
a standardized assessment tool for histopathological lesions, as described in the present study. 
 Indeed, in a recent report, WGBEC (2002) stated that the widely employed indicator, external fish diseases 
which was recommended by ICES (1997), required further investigation with regard to contaminant dose–
response/concentration–response relationships for reevaluation of the suitability of this biological technique for 
international monitoring programmers. 
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