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Abstract
Melano-macrophage centers (MMCs) are nodular clusters of pigmented macrophages, implicated in homeostasis and destruc-
tion and recycling of endogenous and exogenous material. They can increase in size and/or frequency under environmental 
stress resulting in immunohistological biomarkers of water quality. Fluoxetine (FLX), a commonly prescribed antidepressant, 
can cause neuroendocrine, behavioral and reproductive alterations in teleost fish. In the present study, we analyzed the effects 
of a 2-week 50 µg/L FLX exposure on MMCs in histological sections of spleen and head-kidney (HK) of the cichlid fish 
Cichlasoma dimerus. In the spleen, FLX caused an increase in the area and a decrease in the number of MMCs. An increase 
in the proportion of the HK occupied by MMCs was observed in FLX-exposed fish, due to an increase in their number but 
not their area. The deposition rate of MMCs varies according to the hemolymphopoietic organ and would be the result of a 
differential response to FLX on homeostatic functions (elimination of cellular debris, iron processing and immune response).

Keywords Melano-macrophage centers · Fluoxetine · Hematopoietic tissue · Spleen · Head kidney

Melano-macrophage centers (MMCs) are nodular accumu-
lations of pigmented macrophages ubiquitous in almost all 
vertebrates. In fish they are normally located in the stroma 
of the hematopoietic tissue of the spleen and the head kid-
ney (HK), although they can also be found to a lesser extent 
in the liver, gonads, intestinal mucosa and thymus (Macchi 
et al. 1992; Agius and Roberts 2003). MMCs functions range 
from those dedicated to homeostasis, such as the destruction, 
detoxification and recycling of endogenous and exogenous 
materials, to storage of cell-derived phospholipids and iron 
after erythrophagocytosis, deposition of resistant pathogens, 
and antigen processing in immune response and the reso-
lution of inflammation (Vigliano et al. 2006; Davies et al. 
2013; Barst et al. 2015; Steinel and Bolnick 2017; Stosik 

et al. 2019). They can increase in size or frequency under 
conditions of environmental stress and have been suggested 
as reliable biomarkers of water quality (Wolke 1992; Sayed 
and Younes 2017).

Thousands of pharmaceutically active compounds are 
produced commercially today. Their widespread use has 
generated a significant discharge of these products and their 
metabolites in sewage systems. These substances are now 
considered contaminants of emerging concern (CECs), since 
they have been discovered in the environment and its toxicity 
and/or persistence can potentially alter the metabolism of 
organisms (Sauvé and Desrosiers 2014). Once a pharmaceu-
tical product is consumed and excreted, it remains in waste-
water as it cannot be completely removed from effluents by 
wastewater treatment plants (WWTP) (Blair et al. 2013). 
Consequently, these pollutants can reach aquatic environ-
ments, where they can affect non-target organisms, such 
as fish, amphibians and invertebrates (Segura et al. 2009). 
Fluoxetine (FLX) is a commonly prescribed antidepressant, 
which has been found in the final effluents of wastewater 
treatment plants at average concentrations of 0.012 to 1.4 g/L 
(Webb 2001; Kolpin et al. 2002; Christensen et al. 2009). 
In previous studies in teleost fish exposed to environmental 
concentrations of FLX, neuroendocrine and reproductive 
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alterations have been demonstrated, as well as changes in 
behavior, food intake and body weight (Hedgespeth et al. 
2014; Weinberger and Klaper 2014; Backström and Winberg 
2017), including in our studied species (Dorelle et al. 2017).

The aim of this work was to evaluate the effects induced 
by FLX exposure in the spleen and the HK of the cichlid fish 
Cichlasoma dimerus through histological and morphometric 
evaluations of MMCs as immunohistological biomarkers of 
toxicity.

Materials and Methods

Adult specimens of C. dimerus were captured in Esteros 
del Riachuelo, a non-polluted aquatic environment in Cor-
rientes, Argentina (27° 25′ S, 58° 15′ W), at the onset of the 
reproductive season. Sexually mature fish (standard length: 
11 ± 2 cm and 43 ± 8 g) were kept at 26.5 ± 1°C, pH 7.3, 
with a 12:12 h photoperiod in well aerated 100 L aquaria, 
provided with external filtration and a layer of gravel at the 
bottom. Fish were fed once a day with pelleted commercial 
food (Tetra food® sticks) and were allowed to acclimate to 
captivity conditions for a month prior to the start of experi-
mentation. This freshwater cichlid fish is representative of 
Argentinian riverine ecosystems, and is recommended by 
local regulations as one of the suitable fish species for use 
in ecotoxicological testing (IRAM 2008).

Previous to the onset of exposure, fish were placed in 
individual 10 L tanks under the same physical conditions 
and alimentary ration, except that the layer of gravel on the 
bottom was removed. Animals were allowed to acclimate 
to the new experimental conditions for a week before the 
experiment was started.

The test substance, FLX hydrochloride (99.9% purity), 
was obtained from Saporiti, Argentina. Fish (n = 10 per 
treatment) were exposed for 2 weeks to 0 or 50 µg/L FLX 
dissolved in distilled water, under a semi-static design. The 
concentration was chosen based on published data on the 
field (Mennigen et al. 2010). Water and test solution were 
renewed every 48 h. FLX is a fairly stable substance, declin-
ing to approximately 3% of the initial concentration over 
a day test period (Meijide et al. 2018). During each water 
renewal, small aliquots of the stock solution were added to 
filtered tap water in order to obtain the desired concentra-
tions. Stock solutions were stored in the dark at 4°C.

FLX concentration in test water was measured by reverse-
phase high-performance liquid chromatography (HPLC) 
coupled to fluorescence detection according to Meijide et al. 
(2018). Water samples were taken after addition of the anti-
depressant (time 0 h) and after 24 h of exposure. Aquarium 
conditions were the same used in the experiment, including 
the presence of fish. Samples were treated by solid phase 
extraction (SPE) using C18 cartridges (Thermo Scientific, 

USA) and eluted with 1% acidified methanol. Eluates were 
injected into the HPLC employing a C6-phenyl column 
(100 × 4.6 mm, 3 µm particle size; Phenomenex, USA) as 
stationary phase and the mobile phase was prepared as fol-
lows: 28% acetonitrile / 72% water with 0.4% triethylamine, 
pH 4. The elution flow rate was 1 mL/min. Detector was set 
at fixed excitation (230 nm) and emission (310 nm) wave-
lengths. Quantification of FLX concentration in exposure 
aquaria was conducted by interpolating resulting chromato-
graphic peak area into a calibration curve (R2 = 0.99) con-
structed from control water with addition of known amounts 
of FLX. Relative standard deviation (%RSD) was 2% (inter-
day variation). Instrumental detection and quantification 
limits were of 10 and 100 ppb, respectively.

At the end of the experiment, fish were softly narcotized 
with Fish Calmer® (Jungle Hypno, USA) and euthanized 
by decapitation. Spleen and HK were quickly removed and 
fixed in Bouin’s fluid for 12 h at 4°C and then preserved in 
70% ethanol. Samples from the middle portion of each organ 
were embedded in paraffin or glycol methacrylate (Leica 
Historesin) and sectioned at 6 µm or 3 µm, respectively. 
A total of 12 slides were made for each organ, 6 for each 
embedding medium, containing 10 sections arranged in 2 
rows. The analysis was performed on 1 every 10 sections 
(i.e. one section per slide) to avoid considering the same 
MMC twice. Sections were stained with Giemsa or Mas-
son’s trichrome. Slides were examined and subsequently 
photographed with a Nikon Microphot FX microscope. The 
number and the area of the MMCs were quantified through 
the use of image analysis software (IMAGE-PRO® PLUS, 
Media Cybernetics, Silver Springs, MD, USA). Number of 
MMCs and total organ area occupied by MMCs were com-
pared between control and exposed fish using a Student’s 
t-test. Area of MMCs was analyzed using a nested ANOVA 
with MMCs nested to each fish. All statistical analyses were 
performed using Statistica 7.0 (StatSoft Inc. 2004). Data are 
presented as mean ± SE and the statistical significance was 
set at p < 0.05.

The experiment was conducted in accordance to interna-
tional standards on the care and use of fish in research and 
testing according to the guide for the care and use of labo-
ratory animals (National Research Council 2011), as well 
as being in compliance with the local Ethical Committee 
(Protocol number 018/2014, CICUAL, Facultad de Ciencias 
Exactas y Naturales, Universidad de Buenos Aires).

Results and Discussion

The fish were exposed to an actual concentration of 
FLX above 90% of the nominal concentration (at time 
0: 46.33 ± 3.15 µg/L— 92.6% -; at 24 h: 45.45 ± 2.90 
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µg/L— 90.9%). The antidepressant was not detected in 
control aquaria.

The histological examination of the HK (Fig. 1d) and 
spleen (Fig. 1e) of individuals treated with FLX did not 
differ from those of control fish (Fig. 1a, b; respectively). 
In both organs, MMCs are seen as typically nodular struc-
tures surrounded by a thin capsule of connective tissue, 
which allow them to be isolated from the dense paren-
chyma of hematopoietic cells in which they are immersed 
(Fig. 1c). In control animals, the histological study of 
the organs indicated a qualitative difference in the num-
ber of MMCs, observing a greater number of MMCs in 
the spleen compared to those in the HK. The spleen also 
showed a higher proportion of MMCs per surface area, 

due to higher number of MMCs, even though they were 
smaller than in HK (Fig. 2).

In the spleen of FLX-exposed fish, the average area of 
MMCs was significantly higher than in control animals. The 
proportion of the organ occupied by MMCs did not change, 
probably due to a non significant decrease in the total num-
ber of MMCs (Fig. 2). The HK of the exposed fish showed a 
significant increase in the proportion of the organ occupied 
by MMCs due to an increase in the total number without 
modifying their average area (Fig. 2).

The serotoninergic system, evolutionarily conserved 
throughout vertebrates (Lillesaar 2011), can act as a mod-
ulating factor in the immune response through the neuro-
transmitter serotonin (5HT) (Jankovic 1989). A variety of 
stressful conditions can cause immunosuppressive effects in 

Fig. 1  MMCs in HK (a, d) and spleen (b, e) of C. dimerus exposed to 
concentrations of 0 µg/L FLX (a, b) or 50 µg/L FLX (d, e). c Detail 
of MMC in HK. Note the capsule of one layer of flat cells, well devel-

oped particularly in conspicuous MMCs: c capsule, E erythrocyte, 
HT hemopoietic tissue, L lymphocyte, S spleenic stroma. a and c 
Masson’s trichrome stain; b, d and e Giemsa stain

Fig. 2  Number per area (a), area (b) and total organ area occupied (c) 
by melano-macrophage centers (MMCs) in head kidney and spleen 
of control (grey bars) or FLX-exposed (white bars) adult C. dimerus. 

Data are expressed as mean ± SEM. Asterisks indicate significant dif-
ferences between FLX and control groups (p < 0.05)
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fish, either through glucocorticoids or through an increase 
in the levels of biogenic amines, particularly 5HT, which 
can be accompanied by suppression of the immune response 
(Khan and Deschaux 1997). Serotonin in fish can exert an 
immunomodulatory effect directly on lymphocytes by acti-
vation of specific receptors (Khan and Deschaux 1997). 
Given the role of 5HT and the available data, Kreke and 
Dietrich (2008) suggest that continuous exposure to envi-
ronmental concentrations of selective serotonin reuptake 
inhibitors (SSRIs) may have an effect on fish immunocom-
petence, as exposure to SSRIs like FLX, paroxetine or ser-
traline caused a decrease in 5HT uptake in fish immune cells 
and had a negative effect on the stimulation of lymphocyte 
proliferation (Ferrière et al. 1999). Of these compounds, 
FLX (former trade name Prozac®), prescribed mainly as an 
antidepressant, has been widely identified as a contaminant 
of environmental concern (Kumar and Xagoraraki 2010).

In fish, myelopoiesis occurs in the head kidney and 
spleen, whereas the thymus, kidneys and spleen are the 
major lymphoid organs (Zapata et al. 2006). The defense 
system has humoral and cellular immune responses, the lat-
ter including phagocytic cells, monocites/macrophages, neu-
trophils, lymphocytes and natural killer cells. Macrophages, 
professional fish phagocytes, differentially regulate pro-
inflammatory and homeostatic responses in vivo (Rieger 
et al. 2012). MMCs are thought to be functional analogues 
of the germinal centres present in lymph nodes of birds and 
mammals (Stosik et al. 2019). Macrophages within MMCs 
can become enlarged after active phagocytosis of heteroge-
neous material (cell debris, pigments, haemosiderin, etc.) 
(Stosik et al. 2019) resulting in larger MMCs. Number and 
size of macrophages in MMCs can also change in response 
to environmental stress and tissue degeneration (Fournie 
et al. 2001) leading to their use as biomarkes of exposure to 
pollutants. In FLX-treated fish MMCs in the spleen had a 
bigger size than controls, without changes in the total organ 
area occupied by MMCs, suggesting increased aggregation 
of smaller centers and leading to the non-statistical decrease 
in number observed. The response to waterborne FLX in HK 
differed, as there was an increase in the total area occupied 
by MMCs, likely due to an increase in number, since area 
of individual centers did not change. An increase in number 
of MMCs is likely due to an increase in phagocytic/chemo-
tactic activities of macrophages, the result of tissue toxicity 
by FLX in this organ, and thus increased phagocytosis of 
injured cells. In addition to their role in pathogen removal 
and immune response, MMCs may also function neutral-
izing free radicals in tissues that undergo oxidative damage 
(Hapaaranta et al. 1996). Many studies have reported accu-
mulation of MMCs in fish exposed to toxic chemicals (Dez-
fuli et al. 2006; Giari et al. 2008; Taheri et al. 2015). For 
instance, MMCs accumulated in higher numbers in spleen 
of Oreochromis niloticus as exposure to copper continued 

(Osman et al. 2009). In Channa punctatus exposed to fossil 
fuels, the number of MMCs in head kidney increased likely 
due to metabolic disorders (Kakkar 2011).

In the present study, the differential deposition rate of 
MMCs in hemolymphopoietic organs of C. dimerus would 
be a response to the stress generated by FLX in the aquatic 
environment. The response varies according to the organ 
considered and could modify homeostatic functions such as 
the elimination of cellular debris, iron processing resulting 
from erythrophagocytosis and the central role in the immune 
response. Analysis of MMCs can be used as a non-specific 
biomarker to provide information regarding the effects of 
toxicants on the immune response of fish.
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