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ABSTRACT

Melanomacrophage centers are aggregates of pigment-containing cells found 
in the animal’s hematopoietic tissues. Changes in its characteristics have been used 
to assess the influence of pesticide exposure, and as tools for potential monitoring 
for fish and environmental health. This study aimed to evaluate the pesticide-induced 
hepatic and splenic melanomacrophage center responses in Nile tilapia (Oreochromis 
niloticus L.) following exposure to fenobucarb in varying lengths of exposure. Five 
test groups were exposed to constant dose of fenobucarb at 0.08 mg L-1 at different 
periods (0, 7, 14, 21, and 28 days). Fenobucarb only induced significant changes in the 
splenic melanomacrophage centers. Splenic melanomacrophage centers significantly 
increased in number in response to the increasing lengths of exposure. Increasing trend 
of size and cover was also observed, however, significant difference was only detected 
at 28 days exposure period. Significant difference in hemosiderin and lipofuscin 
pigments was also detected at 28 days exposure which suggests tissue destruction after 
prolonged exposure. This study confirms the potential of melanomacrophage centers 
as a sensitive biomarker for fenobucarb exposure indicated by the changes in its 
characteristics, particularly in the spleen.
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INTRODUCTION

Pesticides have been of great help in agriculture by 
decreasing crop losses due to pests. However, problems 
due to its widespread use have been evident worldwide. 
One of these is the off-site migration of the pesticides in 
different bodies of water, such as irrigation canals, lakes, 
rivers, and oceans (Claver et al. 2006; Leong et al. 2007; 
Gao et al. 2008; Añasco et al. 2010; Varca 2012; Lu 2010; 
Toan et al. 2013; Allinson et al. 2016; Navarrete et al. 
2018; Bonmatin et al. 2021). These pesticides may harm 
non-target plants and animals, as well as human beings 
(Ohkawa et al. 2007). Pesticides also has the capacity 
to bioaccumulate in exposed organisms such as frogs 
(Katagi and Ose 2014), aquatic insect larvae (Katagi 
and Tanaka 2016), and fish (Cullen and Connell 1992; 
Streit 1998; Satyanarayan et al. 2007; Rossi et al. 2020).

One of the most widely used insecticides worldwide is 
fenobucarb (Kim et al. 2013). In the Philippines, surveys 
revealed that farmers in Laguna used fenobucarb (Fabro 
and Varca 2012). It is a type of carbamate insecticide 
that is a potent inhibitor of acetylcholinesterase (AChE) 
which results in sympathetic and parasympathetic 
overstimulation, respiratory failure, and skeletal muscle 
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paralysis (Murray et al. 2015). Modina (2017) studied the 
effects of fenobucarb in the AChE activity of Nile tilapia 
and found out that brain and muscle AChE activities were 
significantly inhibited despite the minimal concentration 
used. Fenobucarb has been recorded to have the capacity 
to move offsite from the point of application. Lamers et al. 
(2011) detected a maximum of 0.17 µg L-1 of Fenobucarb 
in nearby streams and rivers after it was sprayed in rice 
paddies. Fenobucarb residues were even detected in the 
coastal waters of southern Japan that receives effluents 
from a wastewater reservoir that temporarily stores 
surface runoffs of rice paddy fields with a maximum 
concentration of 0.27 µg L-1 (Añasco et al. 2010). Aside 
from this, fenobucarb has the capacity to bioaccumulate 
in fishes (Pucher et al. 2014).

There is a need to routinely monitor the concentration 
of off-site migration of pesticides in different bodies of 
water. However, pesticide concentration monitoring is 
cost intensive and requires skilled laboratory staff and 
sophisticated equipment. One alternative in environmental 
monitoring is the biological approach. Contaminants in 
low concentrations in aquatic ecosystems could interact



26
with animals and cause measurable physiological and 
histological responses. These responses are referred to as 
biomarkers (Sparling 2016). Melanomacrophage Centers 
(MMCs) or macrophage aggregates is one of many 
potential biomonitoring tools in determining the effects 
of minute concentrations of pesticide contaminants 
(Ugaddan and Ocampo 2009; Tellez-Bañuelos et 
al. 2009; Manrique et al. 2014; Beso et al. 2016; 
Tjahjaningsih 2017; Manrique et al. 2019). These are 
pigment-containing cells found in the fish’s hematopoietic 
tissue of the spleen, kidney, and sometimes in the liver 
of teleost fishes. MMCs are normally packed to form 
large aggregates and are enlarged after phagocytosis of 
heterogeneous materials, such as melanin pigments, cell 
debris, lipofucsin residues and hemosiderin granules. 
Number, size, and pigment content of MMCs are known 
to change in relation to fish health and environmental 
degradation (Wolke 1992).

Among the fishes found in freshwater ecosystems, 
Nile tilapia (Oreochromis niloticus L.) is one of the 
most commonly studied bioindicator. It thrives well in 
any freshwater environment making it vulnerable to 
pesticide exposure as it searches for food at the bottom 
of their aquatic habitats such as rice paddies, ponds, and 
lakes (Sagun and Ocampo 2006). O. niloticus are widely 
used in experimental work for its availability and good 
adaptation under captive conditions (Roxas-Aragon 
et al. 2003). O. niloticus have been used to investigate 
pollutants in estuarine environments (Bacolod et al. 
2017), freshwater contaminants, insecticides (Toledo-
Ibarra et al. 2016; Zahran et al. 2018), herbicides (de 
Almeida et al. 2018; Felício et al. 2018), cyanotoxin 
(Guzmán-Guillén et al. 2015), and pharmaceutical drugs 
(Ajima et al. 2017). 

Studies which used MMC responses of tilapia 
following exposure to different stressors and contaminants 
have been recorded (Ugaddan and Ocampo 2009; Tellez-
Bañuelos, et al. 2009; Kaewamatawong et al. 2013; 
Manrique et al. 2014; Lituañas and Ocampo 2015; 
Beso et al. 2016; Manrique et al. 2019). Environmental 
Protection Agency’s Environmental Monitoring and 
Assessment Program–Estuaries (EMAP-E) used splenic 
MMCs as an indicator of fish exposure to degraded 
environments in different estuaries (Fournie et al. 
2001). Guevarra et al. (2020) used MMCs as one of 
the biomarkers to assess the health condition of cage 
aquaculture areas in the Seven Lakes of San Pablo, 
Philippines.

This study evaluated the response of hepatic and 

splenic MMCs of Nile tilapia in terms of count, size, 
percent cover, and pigment composition. The Nile 
tilapia were subjected hepatic and splenic MMCs of 
Nile tilapia subjected to fenobucarb with varying lengths 
of exposure. The responses of MMCs recorded in this 
study could give insights to the potential of Nile tilapia 
as a bioindicator and MMC as biomarker of carbamate 
contamination in different aquatic environment.

MATERIALS AND METHODS

Procurement and Selection of Tilapia Samples

A total of 50 fry of Nile Tilapia (Oreochromis 
niloticus L.), with body lengths ranging from 3 to 4 
cm and average weight of 7 g, were used in this study. 
The test animals were obtained from the Demonstration 
Farm of the Bureau of Fisheries and Aquatic Resources 
(BFAR) and were brought to the laboratory inside plastic 
bags half-filled with water and adequately provided with 
oxygen. The fishes were then transferred to a 40-L (25 
× 50 × 30 cm3) aquarium filled with 35 L of aged tap 
water.  The tanks were fully aerated using a compressor 
and were allowed to acclimate for two weeks. They were 
given fish commercial starter crumble pellets regularly. 
Water in the aquaria was changed once a day.

Description of Test Chemical

Fenobucarb or BPMC (2-sec-butylphenyl 
methylcarbamate) Hopcin®, a carbamate insecticide, 
was used in this study. Hopcin 50 EC (Wuhan Chemwish 
Technology Company) is a formulation with 500 g BPMC 
kg-1. This was chosen among several insecticides because 
it is commonly used in rice fields and farms (Bajet et al. 
2012; Varca 2012).

Time-course pattern experiment 

All fish were randomly distributed into five 25 x 50 
x 30 cm3 tanks (labeled A to E) and were filled with 40 L 
aged tap water. The test concentration of fenobucarb used 
was 0.08 mg L-1, which was reported by Calumpang et 
al. (1997) as the detectable concentration of fenobucarb 
residues in irrigation areas. At the start of the experiment, 
all the fish except those in tank A, were exposed to the 
treatment dose. Fishes in tank A was assigned as Group 
A and served as the control wherein no treatment was 
applied. Four groups of fish subjected at varying lengths 
of exposure were assigned as follows: Group B: 7 days 
exposure; Group C: 14 days exposure; Group D: 21 
days exposure; and Group E: 27 days exposure. Fresh 
doses of the same concentration of the test chemical was 
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introduced every day right after the water in the tanks were 
replaced. The general management and feeding of the fish 
were the same as already described in the first section.
The fish were sacrificed at the end of each exposure 
period. Rapid cooling using iced water (about 4°C) was 
applied as anesthetic before the fishes were euthanized 
through decapitation (Jenkins et al. 2014). Liver and 
spleen samples were obtained for MMCs evaluation.
 
Histological Processing and Analysis

The excised liver and spleen were preserved in 
10% buffered formalin solution prior to the preparation 
of the paraffin cross sections. The preserved organs 
were dehydrated by placing in a series of ethyl alcohol 
concentration (50-100%). After dehydration, tissue 
samples were cleared in chloroform and were immersed 
in melted soft paraffin wax with chloroform (1:1 ratio). 
This step was repeated for another three hours. The 
tissue samples were then transferred in absolute melted 
soft paraffin (50- 55°C) and kept in the oven. After three 
hours in melted paraffin, samples were transferred in 
melted hard paraffin (50- 55°C) and were kept inside the 
oven. This was repeated once and was kept in the oven 
for another three hours. Using small paper boats, tissue 
sections were embedded using the hard paraffin. Sample 
tissues were sectioned using rotary microtome set at 5.0 
μm with a correction factor of 2. Sections were fastened 
on glass slides and were stained using Perls’ technique 
(Wan 2011). The sectioned tissues were deparaffinized 
and were hydrated in distilled water. Tissue samples were 
dehydrated (95% to 100% alcohol) and were cleared in 
xylene and then mounted using Eukitt® (quick-hardening 
mounting medium).

	
The counting and measurement of MMCs followed 

the procedure used by Sagun and Ocampo (2006). Three 
focal fields of views per tissue section were examined per 
slide for MMC counts and cover. In each selected field, 
MMCs were counted visually, and the number of MMCs 
per mm2 under 100× magnification were noted. Cover 
is the ratio of the area occupied by the MMC over the 
total area of the sectioned tissues expressed as percent. 
Three MMCs were randomly selected per slide for the 
examination of MMC sizes, and pigment composition 
which was expressed as percentage. To determine the 
percent composition of pigments in MMCs, the measured 
size of each pigment was divided by the total MMC 
size multiplied by 100. The tissues were examined and 
photographed under a light microscope. Measurements 
were done using ImageJ analysis program (Sun 
Microsystems, Inc.) calibrated under 200× magnification. 
The mean size (μm2) and count (number of MMCs per

mm2) were noted from each replicate. 

Statistical Analysis
	

Statistical analysis was carried out using R Statistical 
Software. Kruskall-Wallis H Test Analysis of Variance 
was used to analyze the significant difference among 
treatment groups for the different parameters: size (µm2); 
cover (percent); and count (number of MMCs mm-2), and 
pigment composition (percent), of the MMCs of the liver 
and spleen tissues. To test which groups in the different 
parameters are distinct from each other, Dunn’s post hoc 
test was carried.

RESULTS AND DISCUSSION

No MMCs in the liver of Group A were observed 
(Figure 1). Manera et al. (2000) reported that hepatic 
MMCs were relatively scarce and may be attributed 
to their slow formation compared to renal and splenic 
MMCs. The same trend was also observed by Sagun 
and Ocampo (2006) in their study on MMC formation 
in Nile tilapia following exposure to imidacloprid. 
Vitualla (2014) also stated that splenic MMCs 
appear to be more obvious than hepatic MMCs.

In contrast, splenic MMCs of Group A could be easily 
observed and located due to the pigment aggregates 
(Figure 2). The measured mean MMC count in spleen 
tissues was 5.98 MMCs mm-2. The mean splenic MMC 
size was 40.38 µm2. The measured mean splenic MMC 
cover observed was 2.69%. Pigment composition of 
splenic MMCs of Group A were generally composed 
of hemosiderin (70.89%) and lipofucsin (29.11%). 
Hemosiderin is composed of protein and ferric iron 
and is derived from the catabolism of hemoglobin 
from effete erythrocytes. It occurs during recycling of 
components for erythropoiesis (Kranz 1989). Spleen is 
a hematopoietic organ in fishes; thus, the presence of 
hemosiderin indicates the role of MMC in erythropoiesis 
and the storage of erythrolysis-by-products by 
macrophages (Wolke 1992; Tayel et al. 2013). On 
the other hand, lipofucsin, or ceroid, results from the 
oxidative polymerization of polyunsaturated fatty acids 
of effete subcellular membranes and may also accumulate 
in relation to age and tissue destruction (Agius 1981). 

It was established in this study that fenobucarb 
induced the formation of MMCs in all of the treated 
groups (i.e., Groups B to E). However, MMCs were only 
observed in the spleen (Figure 3 and 4). No MMC were 
observed in the liver in all treatment groups. Excessive 
hemosiderosis in the spleen results to the spleen
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reaching its maximum capacity to contain hemosiderin 
and can result to spill-over effect wherein pigments 
“spills” into the liver (Ocampo 2007). Absence of these 
pigments suggests that the concentration used in this 
study was not enough to cause excessive hemosiderosis 
and did not induce the formation of MMC in the liver.

Fish exposed to increasing lengths of exposure to 
fenobucarb have resulted to increased proliferation in 
splenic MMCs compared to the control fish (Table 1; 
Figure 4 and 5). 

Analysis showed that there were significant 
differences on the mean splenic MMC count among 
the treatment groups (KW = 13.5, p<0.10). Group B 
(exposed for seven days) has no significant difference 
from Group A (control group) (Figure 5). The MMC 
counts of Groups C, D, and E differed significantly with 
that of Group A. Although no significant difference 
was detected in Groups C to E, an increasing trend of

MMC count was observed with respect to the increasing 
lengths of exposure.

In terms of mean splenic MMC size (µm2), the 
control group has the smallest mean size (Table 1 and 
Figure 6). It was established that MMCs become larger 
after exposure to infectious agents and toxicants (Blazer 
et al. 1987). Analysis showed that there were significant 
differences on the mean splenic MMC size among the 
treatment groups (KW= 12.17, p<0.10). MMC size of 
Group A differ significantly compared to the treated 
groups (B-E). However, no definite pattern of MMC 
size with respect to increasing length of exposure was 
observed (Figure 6). Results suggest that MMC size 
is not effective in discerning the effects of continued 
exposure to minimal concentration of fenobucarb and 
only had significant effect at the longest exposure period.

Analysis showed significant differences on the 
mean splenic MMC cover among the treatment groups 
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Figure 2. Splenic tissues of untreated Oreochromis 
niloticus (Blue arrow= hemosiderin, yellow 
arrow= lipofuscin). 400X. Perls’ stain 
technique.

Figure 1. Hepatic tissues of untreated Oreochromis 
niloticus (Blue arrow= hemosiderin, yellow 
arrow= lipofuscin). 400X. Perls’ stain 
technique.

Table 1. Size, count, and cover of splenic MMCs in Oreochromis niloticus exposed to fenobucarb at varying length of 
exposure. 

Exposure Period Size (µm2) Count (no./mm2) Cover (%)
Group A (Control)
Group B (7 days)
Group C (14 days)
Group D (21 days)
Group E (28 days)

40.383d

46.823c

61.867b

59.713c

118.543a

±
±
±
±
±

5.733
2.010
5.607
2.283
18.684

5.980b

7.760b

13.073a

16.490a

19.327a

±
±
±
±
±

0.260
0.248
1.168
0.162
0.370

2.687b

6.130b

7.770b

11.207b

15.830a

±
±
±
±
±

0.454
1.367
0.821
0.678
0.819
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(KW = 13.033, p<0.10). However, only Group E (28 days 
exposure) had a significant difference with the Control 
group (Figure 7). This result is similar with the MMC 
size wherein it took 28 days for the insecticide to have 
significant influence on the MMC cover.

One of the main functions of MMCs is to localize the 
products of pathological tissue destruction which can 
be attributed to acetylcholinesterase (AChE) inhibition. 
AChE inhibition is associated with increased cellular 
damage due to oxidative damage (Yang et al. 1996; Yang 
and Dettbarn 1996; Kazi and Oommen 2012). Modina

(2017) studied the effect of the same concentration of 
fenobucarb on AChE activity in Nile tilapia. The study 
observed significant AChE inhibition of treated fish. Since 
the main mechanism of action of fenobucarb is AChE 
inhibition, and MMCs are active in the accumulation of the 
products of cell destruction (Blazer and Dethloff 2000), 
it can be deduced that fishes in this study experienced 
cellular and tissue damage. This ultimately caused the 
increase in the severity and presence of MMC which is 
evident in the significant difference of MMC number, 
size, and cover of control group with that of the treated 
groups. Increasing pattern of all the MMC parameters

Journal of Environmental Science and Management Vol. 24 No. 1 (June 2021)

Figure 3. Hepatic tissues of Oreochromis niloticus exposed to nonlethal dose of fenobucarb in different lengths of 
exposure (A= 7 days; B= 14 days; C= 21 days; and D= 28 days) 400X. Perls’ stain technique.
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with increasing lengths of exposure, especially MMC 
count, suggests that fishes experienced continued 
effects of fenobucarb. This is supported by the results 
of Ugaddan and Ocampo (2009) which observed an 
increasing pattern of MMC count with increasing length 
of exposure to glyphosate, another AChE inhibitor, in 
Nile tilapia.

The pigment composition of MMCs in relation to 
increasing length of exposure to fenobucarb showed 
an initial increase in hemosiderin in Group B (7-days-
exposed fish) and decreased afterwards. Initial increase 
in hemosiderin appear to be the first response of the 
organism to the exposure to fenobucarb (Table 2 and 
Figure 8).

Increase in the content of hemosiderin in the spleen 
suggests increased degradation of erythrocytes and the 
release of iron, which could be the consequence of damage 
of these cells caused by exposure to toxins (Pronina 
et al. 2014). A number of studies already reported the 
hemolytic effects of pesticides exposure. Gaafar et al. 
(2010) reported the hemolytic effects of edifenphos 
on Nile tilapia (O. niloticus). Al-Rudainy and Kadhim 
(2012) reported increased rate of erythrocyte destruction 
in hematopoietic organs (i.e., spleen) on common carp 
(Cyprinus carpio) following exposure to endosulfan. 
However, statistical analysis did not detect significant 
differences of the hemosiderin of Groups A-D. Only the 
group exposed the longest differed significantly with the 
rest of the treatment groups.

Figure 4. Splenic tissues of Oreochromis niloticus exposed to nonlethal dose of fenobucarb in different lengths of 
exposure (A= 7 days; B= 14 days; C= 21 days; and D= 28 days) 400X. Perls’ stain technique.

Melanomacrophage Centers in Nile Tilapia
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increasing lengths of exposure due to higher oxidation 
of unsaturated lipids and effete subcellular membranes 
rather than hemolysis (Wolke et al. 1985). According 
to Pronina et al. (2014), increase in lipofuscin content 
suggests structural and functional abnormalities in the 
organs of fish. However, only group E had significant 
difference in terms of lipofuscin content. This suggests

 Lipofuscin content of the MMC differed significantly 
(KW = 8.66, p<0.10). Lipofucsin results from the 
oxidation of unsaturated lipids and accumulates with 
age and tissue destruction caused by toxicants (Agius 
1981). Data showed that increasing length of exposure 
to fenobucarb induce higher composition of lipofucsin 
in MMCs. Lipofucsin composition increases with 
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Figure 5. Mean±SE splenic melanomacrophage centers 
count (MMC mm-2) in Oreochromis niloticus 
exposed to nonlethal dose of fenobucarb at 
increasing length of exposure N=10 fish per 
group. (KW = 13.5, p <0.10).
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Figure 6. Mean±SE splenic melanomacrophage centers 
(MMCs) size (µm2) in Oreochromis niloticus 
exposed to nonlethal dose of fenobucarb at 
increasing length of exposure. N=10 fish per 
group. (KW = 12.17, p <0.10).
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Figure 8. Pigment composition±SE of splenic MMCs in 
Oreochromis niloticus exposed to nonlethal 
dose of fenobucarb at increasing length of 
exposure. N=10 fish per group. (Hemosiderin 
KW=8.17, p <0.10; Lipofuscin KW=8.66, p 
<0.10).
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Figure 7. Mean±SE splenic melanomacrophage centers 
(MMCs) percent cover in Oreochromis niloticus 
exposed to nonlethal dose of fenobucarb at 
increasing length of exposure. N=10 fish per 
group. (KW = 13.03, p <0.10).

Table 2. Pigment composition of splenic MMCs in Oreochromis niloticus exposed to fenobucarb at varying length of 
exposure. 
Exposure Haemosiderin (%) Lipofucsin (%)

Group A (Control)
Group B (7 days)
Group C (14 days)
Group D (21 days)
Group E (28 days)

70.890ab

87.963a

85.910a

77.110a

29.287b

±
±
±
±
±

8.750
6.861
9.718
2.544
16.477

29.403ab

12.043b

14.090b

22.887b

70.717a

±
±
±
±
±

8.296
6.864
9.718
2.545
16.479
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that prolonged exposure to the toxicant have an additive 
effect on tissue destruction. This also means that the 
concentration used in this study was minimal to have 
caused destruction at a shorter exposure period.

The results of this study showed the potential of 
MMCs to be used as biomarker of fenobucarb exposure 
in aquatic environments. Even at minimal concentration, 
significant difference was detected between control and 
treated groups, especially with the longest exposure 
period. According to Fournie et al. (2001), MMCs respond 
relatively rapidly to environmental stressors including 
pesticide exposure. Changes in MMCs in fishes can be 
considered as early warning system which could serve 
to notify regulatory agencies of environmental problems 
(e.g., pesticide contamination) before opting for cost 
intensive chemical analysis of water and sediments.

CONCLUSION AND RECOMMENDATIONS

Exposure to minimal concentration of fenobucarb 
induced changes in splenic MMC parameters (i.e., count, 
size, percent cover, and pigment composition) in relation 
to varying lengths of exposure. All the MMC parameters 
under study detected significant differences between 
control and treated groups. Increasing trend of MMC 
count, size, and percent cover, in relation to increasing 
lengths of exposure was evident in this study. Significant 
increase was detected at the longest length of exposure 
of 28 days. Significant effect of fenobucarb exposure on 
pigment compositions of MMCs was only detected at the 
longest exposure period. This suggests that the minimal 
concentration used in this study took longer to have 
significant influence on the pigment composition.

Although all of the splenic morphometric parameters 
were sensitive enough to detect the influence of 
fenobucarb, results of the study show that MMC count 
and size are the most sensitive and ideal parameter which 
detected pattern of the effect of fenobucarb through time. 

The long-term harmful effects of toxicants are of 
ultimate importance. Longer exposure may intensify 
the toxicity of insecticides. Even at low concentrations, 
contamination of pesticides in aquatic environments at 
longer periods could be harmful to fish and other non-
target organisms. Even at non-lethal concentration of 
fenobucarb, the proliferation of splenic MMCs is induced 
as the length of exposure increases. Such effects can 
occur in real field situations such as in irrigation canals, 
ponds, rivers, lakes, estuaries, and even in coastal waters.

Since concentration of contaminants in aquatic

environments vary with respect to frequency and amount 
of pesticide application, distance from point source, and 
different seasons, it is recommended to study the effects 
of increasing sublethal concentration of the test chemical 
in relation to increasing duration of exposure. Since 
more than one insecticide are normally used in field 
settings, other test chemicals can be used to assess the 
applicability of MMCs as a biomarker for other sources 
of stress to the animal, such as other pesticides, heavy 
metals, and eutrophication.
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