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Abstract

Neoplasia in wild fish populations is increasingly recognized as an important indicator of environmental
stress and ecosystem health. The present study reports the first documented case of suggestive
chondrosarcoma (chondrogenic neoplasia) in the largescale mullet Planiliza macrolepis (Smith, 1846)
from the southeast coast of India. An adult female specimen exhibiting a conspicuous external mass
near the caudal peduncle was collected from the Pondicherry fish landing center during a routine survey.
Gross examination revealed a firm, irregular, pinkish-white tumorous growth measuring approximately
3.0 x 3.1 x 3.2 cm. Histopathological analysis demonstrated a malignant cartilaginous neoplasm
characterized by abundant chondroid matrix, marked hypercellularity, nuclear pleomorphism,
hyperchromasia, frequent binucleation, and chondrocyte-like cells within well-defined lacunae.
Histochemical staining with Alcian Blue (pH 2.5) and Toluidine Blue confirmed the cartilaginous nature
of the extracellular matrix. Ultrastructural examination using transmission electron microscopy revealed
the presence of virus-like particles within the cytoplasm of neoplastic cells, suggesting a possible viral
involvement in tumor development. Chondrosarcoma is exceedingly rare in teleost fishes, and this
finding expands the known host range of malignant chondrogenic tumors in aquatic vertebrates. The
present case highlights the need for continued surveillance of neoplastic diseases in marine fishes and
underscores the potential role of infectious agents and environmental stressors in tumorigenesis within
coastal ecosystems.

INTRODUCTION

The largescale mullet (Planiliza macrolepis) is a member of the Mugilidae family and is commonly found
in coastal and estuarine waters across the Indo-Pacific region (Whitfield et al. 2012). This fish species is
distinguished by its streamlined, elongated body and conspicuously large scales. Individuals can grow
up to approximately 50 cm (20 inches) in length. lts silvery-gray body, which fades to a lighter tone on the
underside, serves as effective camouflage within its aquatic habitat. Mature fish are predominantly
herbivorous, consuming algae and organic detritus, and typically form shoals an adaptive behavior that
enhances protection against predators. P macrolepis is ecologically important for nutrient cycling in
coastal ecosystems and economically valuable as a reliable food source. It supports both artisanal and
commercial fisheries, providing sustenance and income for coastal communities across the Indo-Pacific
region.

Tumor development, or neoplasia, is well-documented in fish and follows classification patterns similar
to those in higher vertebrates (Knusel et al. 2007; Hochwartner et al. 2010). In India, an increasing
number of neoplastic conditions have been documented in marine fishes, and these lesions are widely
regarded as important biological indicators of environmental stressors, including pollution and the
emergence of infectious diseases (Chavan et al. 2009; Gopalakrishnan et al. 2011; Sinduja et al. 2013;
Sinduja et al. 2014, Vijayakumar et al. 2014; Singaravel et al. 2015; Vijayakumar et al. 2015; Singaravel et
al. 2016a-e; Vijayapoopathi et al. 2016; Vinothkumar et al. 2017; Singaravel et al. 2017; Singaravel et al.
2018; Mariasingrayan et al. 2024; Singaravel and Gopalakrishnan 2025; Mariasingarayan et al. 2025;
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Koothan et al. 20264a,b). The occurrence of tumours in wild fish populations has been linked to multiple
etiological factors, such as exposure to chemical pollutants, genetic susceptibility, prolonged
inflammatory processes, and infectious agents, with particular emphasis on oncogenic viruses (Zhou et
al. 2010; Coffee et al. 2013; Li 2014; Vijayakumar et al. 2014; Duis and Coors 2016; Carolin et al. 2017;
Singaravel et al. 2018; Hader et al. 2020; Baines et al. 2021; Singaravel and Gopalakrishnan 2025).

Chondrosarcoma is a malignant cartilage-forming neoplasm characterized by the production of
chondroid matrix by neoplastic chondrocytes and represents one of the most common primary
cartilaginous tumours (Lokuhetty et al. 2020; Weinschenk et al. 2021). Histologically, it is defined by
increased cellularity, nuclear atypia, hyperchromasia, frequent binucleation, and an infiltrative growth
pattern within hyaline or myxoid cartilage. Chondrosarcomas exhibit considerable morphological and
biological heterogeneity and are commonly classified based on histological grade, which correlates with
tumour aggressiveness and prognosis. While extensively studied in terrestrial vertebrates, particularly in
humans and domestic animals, chondrosarcoma is infrequently reported in fishes, and its pathogenesis,
biological behaviour, and etiological factors in aquatic species remain poorly understood.

Chondrogenic tumours have been previously reported in fishes (Mesbah et al. 2016; Sirri et al. 2009,
2010). Among these, chondrosarcoma represents a malignant and more specific chondrogenic
neoplasm and was first identified in fish in species such as the paddlefish Polyodon spathula (Bean-
Knudsen et al. 1987). However, documentation of chondrogenic -chondrosarcoma in other fish species
remains extremely limited. The present study reports the first documented case of chondrogenic-
chondrosarcoma in the largescale mullet Planiliza macrolepis, thereby expanding the known host range
of this rare malignant chondrogenic tumour in teleost fishes.

MATERIALS AND METHODS
Sample Collection

During a routine biological sample survey conducted under a Ministry of Earth Sciences, Government of
India-sanctioned project under Deep Ocean Mission (DOM). an adult female largescale mullet (Planiliza
macrolepis) exhibiting signs of external tumour development was collected in August 2025. The
specimen was procured from the Pondicherry fish market, located along the southeast coast of India.
The fish weighed 760 g and measured 44 cm in total length, and showed conspicuous abnormal growths
near the caudal peduncle. Owing to this unusual presentation, the specimen was selected for detailed
laboratory analysis.

Gross Pathological Examination

A macroscopic assessment was performed to record the tumor's size, shape, surface characteristics,
coloration, and consistency. The mass was carefully excised and its dimensions (length, width, and
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height) were recorded. High-quality photographs were taken under controlled lighting to document
external features and any notable variations in appearance, such as discoloration or texture.

Histological Analysis

The tumour tissue samples were excised and fixed for 24 h in 10% neutral buffered formalin (NBF)
solution, followed by several washes in tap water prior to dehydration through a graded alcohol series,
cleared in xylene, and embedded in paraffin wax. Thin sections (5 ym) were prepared using a rotary
microtome (LEICA RM2125 RTS) and stained with haematoxylin and eosin (Coolidge and Howard 1979).
Additional sections were stained with Alcian Blue (pH 2.5) and Toluidine Blue. The stained tissue
sections were examined under a light microscope (LEICA DM 2500 LED).

Transmission Electron Microscopy (TEM)

Tumor tissue was aseptically excised and fixed in 2.5% glutaraldehyde in 0.1 M phosphate buffer (pH
7.4) for 24 hours, followed by post-fixation in 1% osmium tetroxide for 3 hours. After dehydration through
an ascending ethanol series, tissues were embedded in Epon resin. Semi-thin sections were stained with
toludine blue, while ultra-thin sections were stained with uranyl acetate and lead citrate. Samples were
observed under a Philips Tecnai T12 Spirit TEM operating at 80 kV to analyze ultrastructural features.

RESULT
Gross Pathology

External examination of the affected P macrolepis specimen revealed a prominent mass located near
anterior to the caudal fin, extending across both the dorsal and ventral surfaces of the tail region. The
tumor measured approximately 3.0 x 3.1 x 3.2 cm and exhibited a firm, rigid consistency. It presented as
an irregularly spherical mass with a distinct pinkish-white coloration, suggestive of potential underlying
tissue changes or vascular alterations (Fig. 1).

Histopathology

Histological examination of haematoxylin and eosin-stained sections revealed a neoplastic lesion
composed of abundant chondroid matrix with numerous chondrocyte-like cells embedded within well-
defined lacunae (Fig. 2A&B). The tumour showed increased cellularity with irregular clustering of cells.
Neoplastic chondrocytes exhibited moderate to marked nuclear pleomorphism, hyperchromasia, and
frequent binucleation; occasional multinucleated cells were also observed, while mitotic figures were
rare. Toluidine Blue-stained sections demonstrated pronounced metachromasia of the extracellular
matrix, confirming the presence of a chondroid matrix (Fig. 3A&B). Alcian Blue (pH 2.5) staining showed
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strong and diffuse positivity of the tumour matrix, indicating abundant acidic mucopolysaccharides and
sulfated glycosaminoglycans characteristic of cartilaginous tissue (Fig. 3C&D).

Transmission Electron Microscopy

Ultrastructural analysis of tumor tissue revealed numerous virus-like particles (VLPs) within the
cytoplasm of affected cells. These particles were spherical to polyhedral in shape, ranging from 200 to
250 nm in diameter. Each VLP exhibited a distinct nucleocapsid enclosed by an electron-dense protein
capsid. The viral particles were distributed throughout the cytoplasm, indicating potential viral
involvement in tumor pathogenesis (Fig. 4).

DISCUSSION

Neoplasia has been documented across a broad phylogenetic spectrum of fishes and virtually all organ
systems, reflecting both the evolutionary antiquity of tumorigenesis and the susceptibility of aquatic
vertebrates to diverse carcinogenic influences (Wellings 1969; Roberts 2012). The etiology of fish
tumors is widely regarded as multifactorial, involving complex interactions between environmental
contaminants, genetic predisposition, age, sex, chronic tissue irritation, and infectious agents,
particularly oncogenic viruses (Vielkind & Vielkind 1982; Anders & Yoshimizu 1994; Okihiro et al. 1993).
In recent decades, the increasing frequency of tumor reports in wild marine fishes from Indian coastal
waters has highlighted neoplasia as a valuable biological indicator of ecosystem health and
environmental stress (Chavan et al. 2009; Gopalakrishnan et al. 2011; Singaravel et al. 2016a-¢;
Vinothkumar et al. 2017; Mariasingrayan et al. 2024).

The present study documents a rare chondrogenic malignancy in the largescale mullet Planiliza
macrolepis, a widely distributed and ecologically important mugilid species (Whitfield et al. 2012).
Grossly, the tumor presented as a firm, irregular, pinkish-white mass located near the caudal peduncle, a
morphology comparable to previously described chondrogenic neoplasms in fishes, including cranial
chondrosarcoma in paddlefish (Polyodon spathula) (Bean-Knudsen et al. 1987) and chondromas in grass
carp and neon tetra (Sirri et al. 2009, 2010; Mesbah et al. 2016). The size, rigidity, and invasive
appearance of the lesion in the present case are consistent with malignant behavior rather than a benign
cartilaginous proliferation.

Histopathological evaluation provided definitive evidence supporting a diagnosis of chondrosarcoma.
The tumor was characterized by abundant chondroid matrix containing densely packed neoplastic
chondrocytes within lacunae, marked hypercellularity, nuclear pleomorphism, hyperchromasia, and
frequent binucleation. These features are in agreement with the diagnostic criteria for chondrosarcoma
described in the WHO Classification of Tumours of Soft Tissue and Bone (Lokuhetty et al. 2020) and with
clinicopathological descriptions in higher vertebrates (Weinschenk et al. 2021; Lam et al. 2019).
Although mitotic figures were infrequent, this finding does not preclude malignancy, as low mitotic
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activity has also been reported in conventional chondrosarcomas with infiltrative growth and aggressive
potential (Depboylu et al. 2023).

Chondrogenic tumors are exceedingly uncommon in teleost fishes, and most reported cases are benign
chondromas rather than malignant chondrosarcomas (Sirri et al. 2009, 2010; Mesbah et al. 2016). To
date, chondrosarcoma has been documented only sporadically in fishes, notably in paddlefish (Bean-
Knudsen et al. 1987). Therefore, the present report represents the first confirmed case of
chondrosarcoma in Planiliza macrolepis and expands both the taxonomic and anatomical spectrum of
malignant cartilaginous tumors in teleosts.

Mugilid fishes are known to develop a variety of neoplasms, including squamous cell carcinoma
(Jithendran et al. 2011), myxoinflammatory fibroblastic sarcoma, leiomyoma (Singaravel et al. 2016b),
and cutaneous fibroma (Mariasingrayan et al. 2024). However, cartilaginous malignancies have not
previously been reported in this group. The present finding therefore underscores the neoplastic diversity
observed in mullets and suggests that mugilids may be more susceptible to mesenchymal tumors than
previously recognized.

A particularly noteworthy aspect of this study is the ultrastructural detection of virus-like particles (VLPs)
within the cytoplasm of neoplastic cells. Viral involvement in fish tumorigenesis has been well
documented, especially in epidermal papillomas, lymphocystis, and chromatophoromas (Anders &
Yoshimizu 1994; Okihiro et al. 1993; Vijayapoopathi et al. 2016). The presence of VLPs in the present
case raises the possibility of a viral role in the initiation or progression of chondrosarcoma in P
macrolepis. While causality cannot be established based solely on ultrastructural observations, similar
associations between viral particles and neoplastic tissues have been reported in other fish tumors,
supporting a viral oncogenesis hypothesis (Anders & Yoshimizu 1994; Roberts 2012).

The increasing number of tumor reports from Indian coastal waters, including melanophoromas,
chromatophoromas, fibrosarcomas, odontomas, and various epithelial and mesenchymal neoplasms
(Singaravel et al. 2015, 2016d, 2017; Vijayakumar et al. 2014, 2015; Koothan et al. 20264a,b), suggests
that environmental stressors such as pollution, habitat degradation, and pathogen emergence may play
an important role in tumor development. Given the ecological and commercial significance of P
macrolepis, the occurrence of a malignant tumor in a wild individual is of concern and warrants further
epidemiological and molecular investigations.

In conclusion, this study provides the first evidence of chondrosarcoma in the largescale mullet Planiliza
macrolepis and adds to the limited global literature on malignant chondrogenic tumors in fishes. The
combined gross, histopathological, histochemical, and ultrastructural findings strongly support the
diagnosis and suggest a possible viral contribution to tumor pathogenesis. Continued surveillance of
neoplastic diseases in wild fish populations, coupled with advanced molecular diagnostics, is essential
for understanding tumor etiology, assessing environmental health, and safeguarding fishery resources.
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Figure 1

The affected specimen Largescale Mullet (Planiliza macrolepis); The close-up view affected portion
shows the prominent tumorous outgrowth.
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Histological features of chondrosarcoma in the largescale mullet Planiliza macrolepis. (A-B)
Haematoxylin and eosin-stained sections showing increased cellularity of neoplastic chondrocytes
embedded within a chondroid matrix, with nuclear pleomorphism, hyperchromasia, and frequent
binucleation.
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Figure 3

Histological features of chondrosarcoma tissue with special stain (C-D) Toluidine Blue-stained sections
demonstrating metachromasia of the extracellular matrix, confirming chondroid differentiation. (E-F)
Alcian Blue (pH 2.5) stained sections showing strong positivity of the tumour matrix, indicating abundant
acidic mucopolysaccharides and sulfated glycosaminoglycans. Scale bars: A, C = 50 pm; B, D = 20 ym.
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Figure 4

Transmission electron microscopy shows the viral particles (arrow) present in tumour affected tissue of
Planiliza macrolepis (A). The close-up view of “A” shows the virus-like particles were enveloped with
protein capsid (arrows) and nucleocapsid, protein envelope and electron dense nucleocapsid (B). Scale
bars = 500nm
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