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ABSTRACT 

 

The melanomacrophage centers (MMCs) in the liver of fish are indicators of environmental conditions, as 

they are involved in xenobiotic biotransformation. The objective of this study was to evaluate the number 

of MMC in the liver of juveniles and adults of Sciades herzbergii from areas with different levels of 

contamination. The fish were caught at three points (reference - A1, potentially impacted - A2 and 

contaminated - A3), in São José bay (Maranhão, Brazil), in four samples. The livers were subjected to the 

standard histological procedure and 5μm sections were stained with hematoxylin-eosin. In livers of A2 

adult individuals (260.50±161.50 MMCs / mm²) they presented a greater number of MMCs when compared 

to A3 adults (60.00 ± 30.10 MMCs / mm²). Juveniles showed considerable values in A1 (100.00 ± 0.00 

MMCs/mm²) and A2 (95.33 ± 33.00 MMCs / mm²) compared to juveniles in A3 (49.00±0.00 MMCs/mm²). 

These high values are unexpected for young people. The average number of MMC correlated with the rainy 

season in the region. The use of hepatic MMCs as a biomarker of exposure to pollutants, in particular 

substances from fisheries systems, such as ammonia and nitrite, proved to be adequate to differentiate areas 

with different levels of impacts. 
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RESUMO 

 

Os centros melanomacrófagos (MMCs) no fígado de peixes são indicadores das condições ambientais, pois 

estão envolvidos na biotransformação xenobiótica. O objetivo deste estudo foi avaliar o número de MMC 

no fígado de juvenis e adultos de Sciades herzbergii de áreas com diferentes níveis de contaminação. Os 

peixes foram capturados em três pontos (referência - A1; potencialmente impactado - A2; e contaminado 

- A3), na baía de São José (Maranhão, Brasil), em quatro amostras. Os fígados foram submetidos ao 

procedimento histológico padrão e cortes de 5μm foram corados com hematoxilina-eosina. Em fígados de 

indivíduos adultos A2 (260,50±161,50 MMCs/mm²), eles apresentaram maior número de MMCs quando 

comparados aos adultos A3 (60,00±30,10 MMCs/mm²). Os juvenis apresentaram valores elevados em A1 

(100,00 ± 0,00 MMCs/mm²) e A2 (95,33±33,00 MMCs/mm²) quando comparados aos juvenis em A3 

(49,00±0,00 MMCs/mm²). Esses altos valores são inesperados para os jovens. O número médio de MMC 

correlacionou-se com a época chuvosa na região. A utilização de MMCs hepáticos como biomarcador de 

exposição a poluentes, em particular substâncias provenientes de sistemas pesqueiros, como amônia e 

nitrito, mostrou-se adequada para diferenciar áreas com diferentes níveis de impactos. 
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INTRODUCTION 

 

Melanomacrophage centers (MMCs) consist of 

macrophages, such as phagocytic cells and 

fragments, mainly erythrocytes and pigments, 

such as melanin, hemosiderin and lipofuscin, 

located in the reticuloendothelial liver tissue, 

kidney and pancreas (Agius and Roberts, 2003). 

MMCs are found in several vertebrates such as 

reptiles (Johnson et al., 1999; Domiciano et al., 

2017) amphibians (Franco-Belussi et al., 2013, 

Franco-Belussi and de Oliveira, 2016, Wu et al., 

2017) and fish (Mela et al., 2013; Sales et al., 

2017). The number of melanomacrophage 

centers, their size and distribution vary according 

to species, organ, age, nutritional level and stress 

conditions (Fishelson, 2006). The function of the 

MMCs is to destroy, detoxify or recycle foreign 

materials (Van der Oost et al., 2003). 

 

Fish liver is considered a good indicator of 

environmental stress conditions, as it is 

responsible for several vital functions in the 

physiology of these animals, both in anabolism 

and catabolism, and in xenobiotic metabolism 

(Passantino et al., 2014). In this context, liver 

histopathology can be used as an appropriate 

methodology for the detection of fish exposure to 

various pollutants (heavy metals, polychlorinated 

biphenyls - PCBs, polycyclic aromatic 

hydrocarbons - PAHs) from environmental 

anthropic activities (Faccioli et al., 2014). Sciades 

herzbergii is a species of catfish distributed on the 

South American continent, the Caribbean, 

Atlantic rivers and estuaries from Colombia to 

Brazil (Marceniuk, 2005). Adults of this species 

occur in estuaries with turbid waters, mangroves, 

low river courses, tolerate salinity changes and are 

found in shallow coastal regions (Silva et al., 

2016). Its fishing is carried out mainly by small-

scale and subsistence fishing communities. Due to 

the low cost in markets and fairs, its fishing is 

intense and occurs all year round at the mouths of 

the São Luis River, being one of the main fish 

traded in the capital of Maranhão. 

 

Next to these areas is the low course of the Santo 

Antônio River, where a massive fishery network 

is settling up and launching effluents without any 

previous treatment, in areas where heavy fishing 

takes place. Concern increases in the rainy period 

when fishery water is constantly drained, 

preventing collapse or exceeding the acceptable 

water level. There are some studies with this 

species in aquatic contamination biomonitoring 

programs in nearby and similar regions 

(Carvalho-Neta et al., 2012; Sousa et al., 2013a, 

2013b; Carvalho-Neta et al., 2014). However, the 

approach based on MMCs in S. herzbergii liver to 

evaluate anthropic impact is unknown in the state 

of Maranhão. This work aimed to validate hepatic 

MMCs in S. herzbergii as biomarkers 

environmental pollutant exposure, in particular 

fishery effluents in São José Bay (Maranhão, 

Brazil). 

 

MATERIALS AND METHODS 

 

The capture of fish was authorized by the Ethics 

Committee of Maranhão State University 

(number 064/2017-2018 CRMV-MA) and met the 

guidelines of the Brazilian College for Animal 

Experimentation (Proteção…, 2018). Four 

collections were carried out between the periods 

of September and December 2017 and March and 

May 2018. For locomotion to the collection 

points, a motorized vessel (biana) was used, 

conducted by artisanal fishermen. Sampling of S. 

herzbergii specimens took place at three points 

distributed in São José bay, in Golfão 

Maranhense. The first point (A1 - 2 ° 27'47.58 "S 

44 ° 2'45.42" W) was farther from the coast, 

considered in this study as a low-polluted area, as 

there is no discharge of domestic effluents in 

bodies of water. A second area was considered the 

potentially impacted point (A2 - 2 ° 29'36.54 "S 

44 ° 3'34.38" W), located in the Santo Antônio 

river channel, close to the stream that receives the 

fishing effluents. The third point (A3 - 2 ° 33'18, 

36 "S 44 ° 3'10, 02" W) was considered potentially 

impacted, due to the nearby human actions, such 

as discharge of domestic effluents without any 

treatment (Figure 1).  

 

For basic histological analysis and MMC 

identification, the fish were dissected, and liver 

samples were set 10% formaldehyde, 

subsequently dehydrated in increasing alcohol 

concentrations and embedded in paraffin. Liver 

sections of liver (5μm) were stained with 

hematoxylin-eosin (H&E) (Merck) for liver 

structure description and slide reading was done 

with the aid of light microscopy (ZEISS). 

Evisceration was performed for macroscopic 

identification of maturational stages, where: I - 

Immature, II - In development, III - Able to 

spawn, IV - Regression and V - Regeneration 

(Brown-Peterson et al., 2011). A quantitative 
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analysis of MMC aggregation was performed on 

hepatic tissue sections of the fish. Each digital 

field was photographed using Zen Imaging 

Axiovision 4.8 software mounted on the optical 

microscope with the 4X, 10X and 40X lenses. 

MMC aggregation was identified through image 

analysis in the ImageJ software and randomly 

quantified the number of MMCs per mm2. Each 

section was removed from the liver's central 

region and it was possible to measure the whole 

organ. 

 

 

 
Figure 1. Geographic location of sampling points. A1 – reference, A2 – impacted and A3 – contaminated. 

 

Histological appearance of the normal liver of S. 

herzbergii is shown in Figure 2E, Figure 2F. 

Hepatic parenchyma is composed of the central 

lobular vein (CLV) surrounded by hepatocyte 

cords and sinusoid capillaries. The hepatocyte 

presented a polygonal shape with a spherical and 

centralized nucleus (Passantino et al., 2014). The 

hepatic parenchyma was homogenous with 

hepatocytes of polygonal forms containing a 

spherical nucleus; hepatic cytoplasm showed to 

be weakly basophilic and with presence of lipid 

cells in small and large vacuoles (Figure 2A). 

Hepatocytes were organized as branched and 

anastomosed cords arrayed by sinusoid networks. 

The melanomacrophage centers in the hepatic 

parenchyma, which are composed of cell and 

pigment aggregation, contain iron ions, lipofuscin 

and ceroids (Figure 2B).  

Adipose metaplasia and tumor presence was also 

observed, as there was no sign of mitosis or 

necrosis, it was not possible to indicate benignity, 

this psamomatous body was found in 

hepatopancreas tissue (Figure 2C). The 

hepatopancreas are the main digestive enzyme 

supply sites, which in carnivorous fish, have 

higher lipase activity when compared to 

omnivorous and herbivorous species. On the other 

hand, bile, secreted by hepatocytes, can enter the 

proximal part of the intestine or be stored in the 

gallbladder, with the function of facilitating 

digestion and absorption of lipids and lipophilic 

substances, such as fat-soluble vitamins (A, D, E 

and K) (Arantes et al., 2016). Hepatocytes were 

thus observed in the bile duct epithelium, both in 

juvenile and adult individuals (Figure 2D). 
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Figure 2. Photomicrograph of the liver of S. herzbergii sampled at three different points of the São José bay 

- MA. (A) H&E staining of a section of the liver showing lipid components. (B) Melanomacrophage center 

presence. (C) Lipid cells, psamomatous body in hepatopancreas tissue and MMCs. (D) antibodies 

surrounding the hepatocyte cytoplasm as well as the bile duct epithelium. (E, F) The histological appearance 

of normal liver. Asterisk: melanomacrophage center; m: macrophages; lp: lipid cells; s: sinusoids; pb: 

psamomatous body; bd: bile duct. 

 

Condition factor (K) is a quantitative indicator of 

the individual’s degree of healthiness or well-

being. It is used to indicate variations in 

population density and food conditions. The value 

reflects recent nutritional conditions and/or 

reserve expenditures on metabolic activities, 

allowing relationships with environmental 

conditions and species' behavioral aspects (Le 

Cren, 1951; Vazzoler, 1996). K was estimated for 

each individual and their average obtained for 

each period, according to the expression: K = 

Wt/Ltb x 100, where: Wt = total weight, Lt = total 

length and b = weight/length angular coefficient. 

The average number of MMC/mm2 was compared 

between sites using the Kruskal-Wallis test. For 

variables with a significant test result, 

comparisons between pairs among different sites 

were made using the non-parametric Mann-

Whitney U test, controlling Type I error between 

tests by Bonferroni adjustment. Statistical 

differences were considered significant when 

P<0.05. Data was checked for normality using the 

Kolmogorov-Smirnov or Shapiro-Wilk tests. 

Statistical analyses were performed using the 

software PAlaeontological STatistics (PAST), 

version 1.0.0.0 (Ryan et al., 2001) and statistical 

significance was accepted for p ≤ 0.05. Results 

were expressed by average and standard error. An 

ANOVA and Tukey test were performed for 

different sampled sites and condition factor. 
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RESULTS 
 

A total of 73 individuals (12 juveniles and 10 

adults-A1, 16 juveniles and 4 adults -A2 and 7 

juveniles and 24 adults in A3) were collected. 

Juveniles and adults in the A1 area showed a 

similar percentage in relation to the number of 

specimens, with a slight numerical advantage 

compared to the juvenile. In relation to area A2, 

the difference reached 80% in relation to juveniles 

and 20% of adults. In the A3 area, the adult 

presence (77%) predominated in relation to 

juvenile (23%) Adult fish at point A1 were the 

largest on average total length, both juveniles 

(28.01 ± 3.05cm) and adults (36.95 ± 2.43cm).  
 

 

The adults at point A2 had an average length of 

(31.28 ± 2.72cm) and juvenile presented the 

lowest total length averages (26.01 ± 8.92cm) of 

the entire collection. At point A3, average adult 

length was (29.94 ± 4.02cm) and juvenile (26.76 

± 2.27cm). The maturation stage of the fish caught 

in this study showed the following data: in A1 

there was a rate of 41 juveniles, A2 there was a 

frequency of 45 juveniles in stage I and 35 in stage 

II and A3 presented 35 adults in stage III and 32 

in stage IV. The number of melanomacrophage 

centers (MMCs/mm²) in juvenile and adult S. 

herzbergii livers at three capture sites (Figure 3). 

The MMC number was significantly low in livers 

of area youth A3 (P< 0.05) compared to youth 

from areas A2 and A1. 

 

 
Figure 3. Number of melanomacrophage centers (MMCs/mm²) (standard error) in juvenile and adult S. 

herzbergii livers at the three capture sites. Asterisk (*) indicates a significant statistic difference comparing 

the reference and impacted areas. 
 

The S. herzbergii condition factor ranged from 

1.0387 to 0.9672 for area A1. K ranged from 

1.0432 to 0.9700 in area A2 and decreased from 

1.0433 to 0.9800 in area A3. The ANOVA did not 

show significant values for the different sampling 

points and the fish condition factor. The condition 

factor of each fish was examined, and the monthly 

average indicated that in at least two different 

times of the year, fish were in good condition. The 

melanomacrophage center aggregation was lower 

in adults from area A3 (30.50 ± 12.60 

MMCs/mm²) in May 2018 and higher in area A2 

adults (260.50 ± 161.50 MMCs/ mm²) in March 

2018. In juveniles, a greater quantification of 

melanomacrophage centers was observed in areas 

A1 (100.00 ± 0.00) and A2 (95.33 ± 33.00), in 

March and May 2018, respectively. Observations 

of the average number of MMC aggregates 

showed a difference in the periods sampled for 

areas A1 and A2, showing correlation with the 

period of rains (in accordance with the INMET, 

2018).  
 

DISCUSSION 
 

The large amount of aggregation of 

melanomacrophage centers (MMCs) in juvenile 

and adult individuals from areas with a history of 

contamination indicates that MMCs in S. 

herzbergii can be used as an indicator of 

environmental change and animal welfare. 

Histological analysis of the liver of S. herzbergii 
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allowed the identification of both free and 

grouped melanomacrophages, mainly near blood 

vessels. The data found in this study confirms and 

amplifies available information about fish MMCs 

of fish that are considered catabolism residues of 

several compounds (Ribeiro et al., 2011). 

Lipofuscin and ceroid are consecutive products of 

the same oxidation process, derived from a cell 

membrane rupture or lipid metabolism rupture, 

and increase with age.  
 

These pigments can accumulate in fish exhibiting 

a wide variety of pathological conditions, 

including nutritional deficiencies, bacterial and 

viral diseases, and disorders caused by toxic 

material (Agius, 1979). Stress itself can increase 

macrophage-like cells and increase red cell 

degradation (Peters and Schwarzer, 1985). 

Therefore, in the presence of environmental 

pollution, which may be responsible for increased 

cell damage, increased phagocytic activity could 

be expected, with consequent increase in MMCs. 

Hepatic S. herzbergii melanomacrophages are 

involved in the activity of storing, relocating, and 

recycling iron compounds from sterile or 

damaged venous red blood cells. In this study, the 

highest number of MMCs was detected in 

organisms from area A2 (1833) and correspond to 

the youngest individuals in the study.  
 

This fish group also exhibited the highest average 

MMCs/mm² compared to other areas. It presented 

a similar number (1630) to area A3 and three 

times more than area A1 (617). These results are 

in conflict with literature data because a strong 

correlation between fish aging - hence tissue 

degeneration - and increase in the number and size 

of MMCs have been demonstrated in different 

species’ liver and kidney (Agius, 1980). In this 

case, it is likely that the environment in question 

is undergoing a contamination process and mainly 

juveniles. In addition to these physiological 

changes related to aging, an increase in the MMC 

number was also demonstrated in liver, spleen and 

kidney of fish stressed due to a polluted 

environment (Agius and Roberts, 2003). As a 

result, the role of these aggregates as biomarkers 

for the effects due to environmental exposure to 

polluting chemical substances has been 

extensively documented in freshwater and marine 

teleosts (Passantino et al., 2005; Mela et al., 2007; 

Pascoli et al., 2011; Van Dyk et al., 2012; 

Passantino et al., 2014; Zhang et al., 2014; 

Arantes et al., 2016; Basilone et al., 2018) and in 

the case of the fish from the environments 

evaluated in this study.  
 

There is little research on the environmental 

situation of the Santo Antônio River basin, where 

its low course is the target of our investigation. It 

is known that there is irregular occupational 

movement, followed by accelerated urban 

occupation in mangroves and gallery forest areas, 

favoring the destruction of flora and fauna, and 

consequently diminishing the region's water 

system quality. The upper and middle course is 

totally impacted by disorderly occupation and 

leaching processes added to the release of in 

natura sewage. The presence of heavy metals 

(iron, mercury, aluminum, lead and cadmium), 

not complying Brazilian legislation (resolution 

357/2005) (Brasil, 2005), has already been 

observed in the area investigated in recent studies 

(Cantanhêde et al., 2016). In addition, microbial 

bivalve contamination was associated with high 

levels of microbiological contamination, 

especially in the period of the most intense rains 

and high risk for human consumption (Ribeiro et 

al., 2016). 
 

The low course is considered preserved; however, 

it is possible to observe similar occupational 

characteristics in the middle and upper reaches of 

the river. Growing fishery activity and also the 

scarcity of documented material on contamination 

by organic material coming from fishery systems 

in the region studied, makes this work an 

unprecedented investigation in this context. In 

similar regions, where there is already an intense 

and well-documented fishery system, it is possible 

to affirm that effluents from these systems, when 

released without previous treatment, increase 

phosphorus and nitrogen levels present in fish 

feed. There is also a greater introduction of 

organic matter in the periods of expenditure, 

which causes a decrease of dissolved oxygen in 

the water, essential for aquatic life maintenance 

(Simões et al., 2007). 
 

The variation in the number of 

melanomacrophage centers to monitor fish 

healthiness conditions has been shown to be a 

good indicator of environmental changes 

(Balamurugan et al., 2012). MMC aggregation 

was high in March and May of 2018 (rainy 

period). It is likely due to environmental changes 

in that particular area. These results show the 

effectiveness of MMC use as an indicator of fish 
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exposure to environmental pollution and confirm, 

through the high number of MMCs found in 

juveniles S. herzbergii, that areas close to fisheries 

are suffering from exposure to organic 

compounds of anthropic origin higher than the 

other groups of fish studied. Observations showed 

that the liver of juveniles S. herzbergii possessed 

unexpectedly large amount of melanomagnetic 

centers compared to adult fish, being a potential 

indicator of environmental changes indicative of 

fishery system impacts in the northeastern 

Amazon area. Through these observations, in-

depth studies on juveniles and adults of S. 

herzbergii are suggested to obtain useful 

information for the evaluation of fish welfare 

and/or risk to human health. 
 

CONCLUSIONS 
 

In conclusion, this study confirms the importance 

of the use of hepatic MMCs as exposure 

biomarkers to environmental pollutants, in 

particular fishery system effluents. MMCs in S. 

herzbergii showed differences in the individuals 

from analyzed environments, being able to 

differentiate areas with different environmental 

impact levels. 
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