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ABSTRACT 

         Macrophage aggregates (MAs) are found in tissues of teleost fishes, including spleen, head kidney, and liver, in 

relation to inflammation. Many factors like age, pollution, infectious diseases are known to affect the formation, 

accumulation, and proliferation of macrophages in teleosts. Numerous studies have shown an increase in number and size 

of macrophage aggregates (MAs) in fish collected at contaminated sites. The present work has focused on morphological 

studies on macrophages in the head kidney, gill tissue, and swim bladder (SB) of common carp (Cyprinus carpio). Alive 

fish samples were collected from local markets, and tissues from head kidney, gills were removed. Cells were isolated. The 

adherent macrophages were fixed by methanol and stained by Giemsa and neutral red. The exudate from swim bladder was 

collected for studying macrophage cells from the inflammation. The present work showed Giemsa and neutral red stained 

free macrophages or macrophage aggregates on glass slides.  
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 The tendency of cell aggregation reflects cell to cell adhesiveness, which serving as a marker for macrophage 

activation. More macrophage aggregation or accumulation indicates more macrophage activation, sometimes leads to 

inflammation. Therefore, studies on macrophages of common carp (Cyprinus carpio) may be used as the markers of fish 

health and aquatic pollution. 
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1. INTRODUCTION 

 Macrophage aggregates (MAs) are focal accumulations of macrophages found in the spleen, head kidney, 

and liver of teleost fishes. These structures are easily visualized in histologic sections. These structure contain 

pigments like hemosiderin, melanin, and ceroid/lipofuscin. Many factors are known to affect the formation, 

accumulation, and proliferation of these structures, including age [1], nutritional status [2], and infectious diseases 

[3]. Previous study stated the changes in various MA parameters (e.g., number, size, percent area occupied) in 

relation to environmental contamination and pollution [4]. 

 The macrophages classified on basis of function into activated macrophages, wound-healing 

macrophages, and regulatory macrophages [5]. They also have an important role in removing cell debris and 

damaged components. They are also producing cytokines that participate in defensive and reparative functions 

[5]. Previous study [6] stated that the density of macrophages used as a marker of toxicity. A study [7] stated that 

the chronic inflammatory stimuli promote the immune cell aggregation. Smaller macrophages unite with each 

other to form the large, huge giant cells during inflammatory stimuli. Some studies [7, 8] reported the possibility 

of macrophage to proliferate at site of injury/ infection. Kidney tissue repair in fish is performed by interstitial 

cells and renal epithelial cells, supported by the macrophages [9]. The presence of macrophages at the damaged 

renal tubules may explain its role in the repairing process [9]. This was confirmed by other study [10] which 

reported that basement membrane enhances cell proliferation and differentiation through preparing growth 

factors.  

 A study [9] revealed that carp fish had relatively small macrophages. Different sizes of macrophages were 

identified in the study. The number and size of macrophages varied with different seasons. The activity of season 

may influence the size of macrophages.  

Previous study [11] reported numerous macrophages as free or in aggregates (MAs) in tilapia (Oreochromis sp.). 

Formation of filopodia, attachment of charcoal particles on cell surface, cell fusion, poorly organized cell 

aggregation were noticed on glass slides [11]. Investigations have confirmed an increase in number and size of 

macrophage aggregates (MAs) and Melano-Macrophage Centres (MMCs) in tissues of fishes collected at polluted 

sites [11]. 

 One study [12] reported that liver macrophage aggregates in tissue sections were poorly organized. 

Compared with the liver, macrophages (MACs) accumulations in the kidney tissues were larger in size and 

distinct. The presence of large MMCs in the livers and necrotic macrophages/ immune cell agglomerate of fishes 

may be related to contamination and pollution. 
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 Researches [13] stated among head kidney leukocytes (HKL) only macrophages show the unique property 

of adherence on slides. The study investigated the head kidney macrophages (HKM) morphology and phagocytic 

behavior in teleosts [13]. Morpho-functional changes and transformations of macrophages and cell aggregates 

may be used as bio indicator to several environmental challenges [13]. 

 Previous study [14] demonstrated inflammatory cells from swim bladder (SB) responding to activated 

charcoal particles challenge. Swim bladder (SB) of rohu (Labeo rohita) fishes injected with charcoal particles 

showed increased acute inflammation which may be important for the organism’s defense against infections [14].  

The present work has focused on morphological studies on macrophages in the head kidney, gill tissue, and swim 

bladder (SB) of common carp (Cyprinus carpio). 

 

2. MATERIALS AND METHODS  

 

2.1. Cell Isolation from Tissues 

 Alive fish samples of common carp (Cyprinus carpio) were collected (total no. 17) from local markets 

and dissected in lab. Tissues from head kidney, gills were removed using the forceps and mashed through the cell 

strainer into the petridish containing (0·1) M phosphate buffer saline (pH 7·2) in presence of trypsin- EDTA. Cell 

suspension was smeared directly on sterilized glass slides.  

2.2. Fixation and Staining 

 The adherent macrophages were fixed by methanol and stained by Giemsa and neutral red. Activated 

charcoal particles suspended in normal saline (0·9% NaCl) was used for phagocytosis study [11,12,13]. Cell 

counting was done by hemocytometer. 

2.3. Study of Macrophage Cells from Swim Bladder 

 Fishes were injected with 5ml of activated charcoal particles in normal saline (0·9% NaCl) into the swim 

bladder. The swim bladder was washed with saline (0.9 gm% NaCl) and trypsin, 0.09% EDTA, and the exudate 

was collected for studying macrophage cells from the inflammation [14].  

 

3. RESULTS 

 

3.1. Pseudopodia of Head Kidney Macrophages (HKM) 

Head kidney macrophages (HKM) showed pseudopodia-like extensions and engulfment of activated charcoal 

particles.  
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Figure1. Giemsa stained macrophages in the head kidney of common carp (Cyprinus carpio) on glass slides. 

 

3.2. HKM Aggregates  

 Light microscopy observations showed Giemsa stained macrophages aggregates on glass slides (MAs). 

Lysosomal enzyme activity of macrophages was seen by neutral red in common carp (Cyprinus carpio).       
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Figure 2. (A) Giemsa stained head kidney macrophage aggregates (MAs) in common carp (Cyprinus carpio) on 

glass slides. (B) Neutral red stained stages of aggregation of HKM in common carp (Cyprinus carpio) on glass 

slides challenged with activated charcoal particles. 

 

3.3. Macrophage Aggregation of Gill Tissue 

 Macrophage aggregation of gill tissue in common carp (Cyprinus carpio) on glass slides was increased 

after challenge with activated charcoal particles. Neutral red positive macrophages from gill tissue were also 

identified. 

 

 

Figure 3. Free macrophages and macrophage aggregates (MAs) of gill tissue in common carp (Cyprinus 

carpio) on glass slides without challenge of activated charcoal particles. 

 

 

Figure 4. Macrophage aggregates (MAs) of gill tissue in common carp (Cyprinus carpio) on glass slides 

challenged with activated charcoal particles. 
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Figure 5. Neutral red positive macrophages from gill tissue in common carp (Cyprinus carpio) on glass slides. 

 

3.4. Inflammatory Cells from Swim Bladder (SB) 

 Inflammatory cells from swim bladder (SB) responding to activated charcoal challenge was increased in 

number. Macrophages showed more pseudopodia like growth in the exudate collected from swim-bladder (x400) 

after challenging activated charcoal particles. 

 

 

Figure 6. Inflammatory cells from SB without challenge of activated charcoal particles. 
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Figure 7. Inflammatory cells from SB responding to activated charcoal particles challenge. 

 

Figure 8. Macrophages showing more pseudopodia like growth in the exudate collected from swim-bladder 

(x400) after challenging activated charcoal particles. 

 

Figure 9. (A) cells without challenge of activated charcoal particles, (B) cells challenged with activated 

charcoal particles. 

Values are expressed as Mean ± SEM. P-value < 0.05 is considered to be statistically significant. 
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4. DISCUSSION AND CONCLUSION  

 The present research has focused on macrophage biology of common carp. Because MAs are known to 

change in number, size in relation to environmental degradation, so they qualify as cytological biomarkers. 

Morpho-functional alteration of macrophages has been suggested as sensitive biomarkers of pollutant exposure 

and fish health [11,12,13]. 

 Fish are in a direct contact with the waterborne pollutants [15]. Gills are the first organ to be affected by 

pollutants and therefore are commonly used as the markers of aquatic pollution [16]. Most studies report that 

various pollutants can cause alterations of the gill tissue which can be regarded as reflections of stress response 

[17,18]. Degenerative changes of epithelial cells of gills may be the result of the direct effects of high 

concentrations of xenobiotics on the gills [19]. Previous study stated [20] in order to understand the impact of gill 

disorders on fish health, it has to be emphasized that fish gills are essential for fish survival in the aquatic 

environment. The gill-associated lymphoid tissue (GIALT) of teleosts, consisting of immune cells in gill mucosa, 

prevents infection in gills [21]. In zebrafish (cyprinids), structures including the interbranchial lymphoid tissue 

(ILT) and the amphibranchial lymphoid tissue (ALT) [21] are also a site for T cell, NK cell proliferation and show 

structural changes after infection with spring viraemia of carp virus (SVCV), that supports their important role in 

immune responses of the gills [22]. A study [23] showed two distinct macrophage subsets were observed in gill 

epithelium: iNOS-positive macrophages, concentrated in the basal epithelium of gill suggesting a pro-

inflammatory role, whereas 5-HT-positive macrophages found in the sub epithelium, contributing immune 

modulation. These findings revealed aquatic immune systems and environmental adaptability [23]. 

 The present work showed Giemsa and neutral red stained free macrophages or macrophage aggregates on 

glass slides. The tendency of cell aggregation reflects cell to cell adhesiveness, which serving as a marker for 

macrophage activation [24]. More macrophage aggregation or accumulation indicates more macrophage 

activation, sometimes leads to inflammation. 

Macrophage aggregation of gill tissue was increased after challenge with activated charcoal particles. 

Macrophages showed more pseudopodia like growth in the exudate collected from swim-bladder after challenging 

activated charcoal particles. The present work has focused on studies on macrophages of common carp (Cyprinus 

carpio) that may be used as the markers of fish health and aquatic pollution. 
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