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Abstract: A lipoma is a benign tumour of mature adipocytes which may appear in various species,
including marine and freshwater fish. It usually occurs in isolated locations, such as a superficial or
deep mass, mainly in the skin and seldom in other organs. In non-mammalian vertebrates, there is
no agreed minimal size for the mass to be considered a lipoma. This study histologically describes a
case proposed to be a microlipoma in the liver of Barbus balcanicus. The structure was an oval-shaped
mass of well-differentiated adipocytes, surrounded by hepatic parenchyma. The adipocyte cluster
did not contact with major vascular or biliary tracts, the liver capsule, or the hilum. The cell mass
reached a maximal linear length and width of ~0.5 mm and ~0.4 mm. A three-dimensional and
software-assisted reconstruction of the adipocytic mass showed that it had the shape of a flattened
prolate spheroid (~0.01 mm3). Given the histological criteria currently used in the literature, we
consider the mass as a lipoma, or, better, a microlipoma because it was tiny. We interpret this structure
as an early growing lipoma. This work is the second description of a liver lipoma in a fish to the best
of our knowledge.

Keywords: microlipoma; liver; Barbus balcanicus; 3D reconstruction

1. Introduction

Tumours of a neoplastic nature occur across vertebrates, and fish are no exception.
The neoplasms in cold-blooded species were early recognised as fundamentally similar in
structure and biologic behaviour to the matching tumours in warm-blooded animals [1].
The histological diagnostic criteria defined for benign/malignant neoplasms in mammals
stand as guidelines. A lipoma is defined as a benign and slow-growing mesenchymal
tumour consisting of well-differentiated mature white adipocytes, typically with minimal
connective tissue stroma within [1–3]. In humans, this neoplasm is the most common soft
tissue tumour, often subcutaneous in location, with an (under)estimated prevalence of
1% [2,3]. This neoplasm is rare and has only been diagnosed in a few fish species, typically
appearing as isolated cases. The tumour was either encapsulated [4–8] or nonencapsulated
and with the fat cells even merging with the surrounding tissue [9,10].

As it has been described for humans [11], and therefore suggesting phylogenetic
conservation, most of the diagnosed lipomas in marine and freshwater fish were localised
as dermal or hypodermal masses with visible skin protrusions [4–6,8–10,12–17], sometimes
invading the underlying musculature [18,19]. Diagnoses have been grounded on the
lesion’s histological features. Contrary to major advances in diagnosing human lipomas,
there is not one established histochemical, molecular or cytogenetic biomarker for any
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fish lipoma. In addition, there is no published data on the prevalence of lipomas in
fish populations.

Despite the fact that lipomas rarely appear in other locations in fish, they were detected
in the body cavity of yellow-eye mullet (Aldrichetta forsteri) [20], the mesentery of the
Senegal seabream (Diplodus bellottii) [21], the musculature around the vertebral column
of the southern bluefin tuna (Thunnus maccoyuii) [20] and northern bluefin tuna (Thunnus
thynnus) [7], the stomach of the Indian oil sardine (Sardinella longiceps) [22] and the spleen of
the largemouth bass (Micropterus salmoides) [23] and perch (Perca fluviatilis) [24]. Regarding
liver lipoma, as far as we know, it has been described once, and with very limited imagery,
in the marine coly (also known as the coalfish, saithe and Atlantic pollock) (Pollachius
virens) almost a century ago [25].

When diagnosing a liver lipoma in fish, it is relevant to have in mind that there are
species that naturally have non-hepatic cells inside the organ. Many fish have exocrine
pancreatic acini within the liver (around blood vessels spreading into the organ from the
hilum) [26]. Still, adipocytes are not seen intrahepatically, from the embryo (adipogenesis)
to the adult, even though visceral adipose tissue is often found extrahepatically, at the
hilum [26–29]. Therefore, accumulations of adipocytes inside the liver should be regarded
a priori as abnormal features.

This study describes and presumptively diagnoses a microscopic liver lipoma in the
black barbel (Barbus balcanicus) while creating the first 3D reconstruction of such nodule
from serial histological sections. This finding seems to be the first report in this fish
species and is discussed in the light of the literature, drawing attention to a rare and
overlooked lesion.

2. Materials and Methods

The case black barbel was collected by electro-fishing in the upper part of the River
Bregalnica, near the city of Berovo (22◦51′27.9′ ′ E, 41◦41′59.8′ ′ N), which does not receive
effluents from urban, industrial or agricultural origins. This low anthropogenic-impacted
area has been used as a reference location in ecotoxicological monitoring studies [30,31].
The animal with the unusual microanatomical feature was collected in summer. It was 1
out of 658 black barbels subjected to liver histopathology—with an intensive systematic
sampling strategy—after being randomly caught over one year in the River Bregalnica.

The fish in consideration was measured and weighed, examined for external visual
abnormalities and, after the necropsy, examined for internal abnormalities. Immediately
after the gross visual inspection, the liver was removed and weighed. The liver was then
sliced into a couple of slabs that were fixed in Bouin’s fixative for 48 h, dehydrated in
increasing concentrations of ethanol, cleared in xylene and embedded in paraffin wax
blocks. All the blocks obtained from this particular fish were exhaustively cut in serial
5 µm-thick sections and routinely stained with haematoxylin and eosin (H&E). One section
with the unusual feature was stained with periodic acid–Schiff (PAS) for carbohydrates.

All the serial sections containing the single intrahepatic agglomerate of adipocytes
were chosen for the software-supported 3D reconstruction. In every section, the area of in-
terest was photographed with a light microscope (BX50, Olympus, Tokyo, Japan) equipped
with a digital camera (Camedia C5050, Olympus, Tokyo, Japan). The photographs for
illustration were in TIFF format, and for reconstruction, they were high-resolution images
(JPEG, 2560 × 1920 pixels). The latter photos were sequentially imported to a dedicated
software (v3.0, BioVis3D, Montevideo, Uruguay), for building the baseline image stack that
would support the 3D reconstruction. The software was calibrated for the magnification of
the images. The final 3D reconstruction was subjected to digital rendering before being
exported as TIFF files.

3. Results

One agglomerate of well-differentiated unilocular adipose cells was noticed when
studying the serial histological sections from one black barbel’s liver. Taking into account
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that 658 captured fish were analysed—in the context of a biomonitoring study—the esti-
mated prevalence of the intrahepatic oddity in the Bregalnica black barbel population was
1.5‰.

The case fish was a two-year-old female with a body weight (BW) of 27.95 g, total
length (TL) of 135 mm and liver weight (LW) of 0.68 g. The condition factor of the fish
(K = 100 × BW/TL3) was 1.36, and the hepatosomatic index (HSI = 100 × LW/BW)
was 2.43.

During the necropsy, neither the external nor the internal examinations revealed gross
changes or deformities that could signal pathological conditions (Figure 1). In particular, the
liver had a normal appearance, with the typical reddish-brown colour and no gross lesions.
However, the microscopic examination of the liver revealed the presence of one “island”
made of distinctively empty-looking cells (Figure 2A). The cell mass was encircled by
normal liver parenchyma. When sectioned, in the microscopic slides, the cell agglomerate
was oval-shaped. It did not protrude the surface of the liver because it was buried deep in
the organ, and it was tiny, reaching a maximum diameter of ~0.5 mm.

Appl. Sci. 2021, 11, x FOR PEER REVIEW 3 of 8 
 

3. Results 
One agglomerate of well-differentiated unilocular adipose cells was noticed when stud-

ying the serial histological sections from one black barbel’s liver. Taking into account that 658 
captured fish were analysed—in the context of a biomonitoring study—the estimated preva-
lence of the intrahepatic oddity in the Bregalnica black barbel population was 1.5‰. 

The case fish was a two-year-old female with a body weight (BW) of 27.95 g, total 
length (TL) of 135 mm and liver weight (LW) of 0.68 g. The condition factor of the fish (K 
= 100 × BW/TL3) was 1.36, and the hepatosomatic index (HSI = 100 × LW/BW) was 2.43. 

During the necropsy, neither the external nor the internal examinations revealed 
gross changes or deformities that could signal pathological conditions (Figure 1). In par-
ticular, the liver had a normal appearance, with the typical reddish-brown colour and no 
gross lesions. However, the microscopic examination of the liver revealed the presence of 
one “island” made of distinctively empty-looking cells (Figure 2A). The cell mass was 
encircled by normal liver parenchyma. When sectioned, in the microscopic slides, the cell 
agglomerate was oval-shaped. It did not protrude the surface of the liver because it was 
buried deep in the organ, and it was tiny, reaching a maximum diameter of ~0.5 mm. 

 
Figure 1. View of the necropsy procedure on the black barbel from the River Bregalnica. Gross 
lesions were not found on the body surface or in internal organs and cavities. 

 
Figure 2. Representative histological sections (A–C) across the intrahepatic adipose cell agglomer-
ate. There is a well-marked frontier between the adipocytes (*) and the liver parenchyma (LP). The 
flattened nuclei of the adipocytes are perceivable at the cell peripheries (dashed arrows). At spe-
cific locations around the adipose cell agglomerate, lymphocytic-like infiltrates are noted (block 
arrows) in the close vicinity of venules (V). 

The nodular lesion was perfectly circumscribed and consisted of well-differentiated 
and large adipocytes. Their individual size varied little from one another. They contained 

Figure 1. View of the necropsy procedure on the black barbel from the River Bregalnica. Gross lesions
were not found on the body surface or in internal organs and cavities.
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Figure 2. Representative histological sections (A–C) across the intrahepatic adipose cell agglomerate.
There is a well-marked frontier between the adipocytes (*) and the liver parenchyma (LP). The
flattened nuclei of the adipocytes are perceivable at the cell peripheries (dashed arrows). At specific
locations around the adipose cell agglomerate, lymphocytic-like infiltrates are noted (block arrows)
in the close vicinity of venules (V).

The nodular lesion was perfectly circumscribed and consisted of well-differentiated
and large adipocytes. Their individual size varied little from one another. They contained
an unambiguous single roundish empty space that filled most of the unilocular fat cell’s
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cytoplasm. Indeed, it should be stressed that during the preparation of the tissue for
histology, which includes dehydration in ethanol and clearing in xylene, free lipids are
expected to dissolve. Therefore, the cytoplasmic location where the major lipid droplet
stayed, in vivo, appeared empty in histological sections. The cytoplasm was negative
for PAS, excluding the idea that carbohydrates could have caused the empty space. The
nucleus was squeezed towards the cell’s periphery. The intercellular limits were prominent.
At times, an interstitial connective tissue matrix could be seen. Lipoblasts and mitotic
figures were not observed. The internal vasculature was made of a few erratic thin-
walled capillaries.

In specific smaller profiles of the adipose cell agglomerate, and at its margins, there
were scattered groups of small roundish cells, with a morphology compatible with a
leucocytic (mainly lymphocytic) infiltrate (Figure 2B,C). When the agglomerate profile was
evidently smaller, we noted a relatively more extended infiltrate in the vicinity of a venule
(Figure 2C). We saw no microparasites of any sort at the margin or inside the agglomerate.

The agglomerate of adipocytes was peripherally associated with scant small venules
(Figure 2C), but not any major blood vessels or intrahepatic pancreatic tissue, and it was
situated far from the liver hilum. Thus, the agglomerate was not a pocket made of an
extension of the extrahepatic (peritoneal) fat. It was perfectly well demarked from the
normal hepatic parenchyma but not encapsulated by a distinct connective tissue band.
The surrounding hepatocytic elements caused no prominent peripheral compression of
the agglomerate.

When looking at the 3D reconstructed agglomerate of adipose cells, we concluded
that it was not lobulated, and that it approximately formed a flattened oblate spheroid,
which looked like a sphere that was markedly squashed from top to bottom (Figure 3).
The shorter “a” and longer “b” equatorial (horizontal) axes attained 375 µm and 520 µm,
respectively, while the polar (vertical) “c” axis reached 65 µm. Applying the geometric
formula for the volume (V) of a perfect oblate spheroid (V = (4/3) × π × a/2 × b/2 × c/2),
the fat cell cluster had a V of approximately 6.7 × 106 µm3 (~0.01 mm3).
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Figure 3. Three-dimensional (3D) reconstructions (A,C) of the intrahepatic adipose cell agglomerate,
side by side with two “bi-dimensional” aspects (B,D). The last images have digital overlays (in
orange) partially superimposed on the histological picture to explain how each histological image
contributes to building the serial stack. The microlipoma flattened oval shape became evident when
viewing the 3D reconstruction at different angles.
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4. Discussion

This study histologically described and 3D reconstructed an intrahepatic collection of
white adipocytes in a black barbel. Besides the structural evidence for such identification,
the negativity for PAS staining indirectly supported that the major cytoplasm content
in vivo should have been lipids; using paraffin, direct lipid staining was impossible. The
oval-shaped and well-demarcated focus of unilocular fat cells was deeply nested into the
liver. The histological characteristics of the adipocytic focus, including the absence of
lipoblasts, increased mitosis, scarcity of vasculature and association with lymphocytes,
nicely matched detailed lipoma descriptions [32]. Objectively, the focus fulfilled the basic
structural definition of a lipoma [1] and therefore was presumptively diagnosed as such.

The good circumscription of the cell agglomerate favours a priori this diagnosis over
another possibility: ectopic adipocytes. The presence of ectopic fat and ectopic adipocytes
in unexpected locations is usually reported in human and experimental animal pathology
in strict association with caloric intake (high-fat diets) exceeding expenditure, obesity,
insulin resistance and type 2 diabetes mellitus [33,34]. Still, despite the fact the liver
may accumulate ectopic fat (within steatotic hepatocytes), it is not among the organs
where ectopic adipocytes typically appear under triggering conditions [35,36]. In the
case revealed here, it is virtually impossible that just one wild barbel would have been
consistently subjected to a high-fat diet, which, even so, would have sparked steatosis
(not observed here) well in advance of ectopic adipocyte differentiation and proliferation.
Therefore, the structural and circumstantial evidence favours the lipoma diagnosis over a
pocket of ectopic adipocytes.

Anyway, it could be questioned if such a small focus of fat cells can be diagnosed as a
lipoma in barbels. However, the literature does not specify a minimal size for an abnormal
agglomerate of fat cells to be deemed as a lipoma. In humans, the size of (clinically
detected) lipomas varies between 2 and 10 cm in diameter [36]. Yet, such benign neoplasms
are very slow progressing. Therefore, the macroscopic tumours derive from earlier and
much smaller (micro)lipomas, as illustrated well in intramucosal lipomas [37].

According to the predominant histological morphology, the World Health Organi-
zation classification of tumours of soft tissue considers the following lipoma types: con-
ventional lipoma (the most common by far), fibrolipoma, angiolipoma, lipomatosis of
nerve and lipoblastoma [38]. Since the liver lipoma in the studied black barbel consisted
predominantly of mature adipocytes, without an excess of fibrous tissue or of substantial
vascular involvement, it should be classified as a conventional lipoma.

Lipomas are rarely reported in fish, and, as far as we know, it seems that a lipoma
has only been reported once in the liver [25]. Unlike the present findings in the black
barbel, where the lipoma was noted only after histological examination, the liver lipoma
found in the marine coly was visually apparent and noticed in the lower lobe of the liver,
having a smooth surface and greenish colour [25]. Additionally, this liver lipoma was
found in a seven-year-old specimen. Lipomas are generally noticed in older individuals.
Their incidence increases with age in domestic animals [39] and in humans [40]. Contrarily,
in the current case, the lipoma was noticed in a two-year-old female, an adult but not
a particularly old fish. It is common to find specimens of B. balcanicus aged over two
years [41,42], and, in general, barbels can live for more than 20 years [43].

The cause(s) of lipoma development in animals is (are) far from clear, but several
theories were advanced, mostly from studies in humans. Some authors proposed genetic
causes while favouring trauma as the aetiology [44], along with a diversity of risk factors,
such as obesity, ethanol abuse, glucose intolerance and liver disease [40]. In farmed fish,
dysmetabolic syndrome was suggested as the starting point for lipoma formation [19]. A
link with lipid metabolism was reinforced when lipomas (also mentioned as lipoma-like fat
tissue accumulations) were induced in a zebrafish model of obesity overexpressing the Akt1
“insulin signalling hub” gene [45]. In channel catfish (Ictalurus punctatus), subcutaneous
lipoma was considered to be related to direct exposure to the carcinogenic and mutagenic N-
Methyl-N’-Nitro-N-Nitrosoguanidine [14]. In the largemouth bass (Micropterus salmoides), a
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spleen lipoma was found in one specimen from a zone polluted by a range of contamination
sources, but no toxicological aetiology was considered [23].

This microlipoma in a black barbel from a clean location was the only benign lesion
found in all studied fish [31]. Facing the condition’s rarity, a definitive causal explanation
would be too speculative because the causes could reasonably range from purely genetic to
toxicopathic. Although the latter aetiology is unlikely, it cannot be discarded in view of
the sampling location, i.e., when knowing that liver lipomatous lesions resembling human
hepatic lipomas evolved in rats from carcinogenic assays [46].

As with other lipomas, those in the human liver have no clear aetiology and are very
rare [47]. A correlative study supported that, at least in humans, lipomas have a signifi-
cantly greater association with steatosis when compared to non-lipomatous lesions [48]. In
this black barbel single case, it is reiterated that no such association of lesions existed.

The use of 3D technology, including histopathologic reconstruction, to study lesions is
a rapidly evolving practice in pathology, recognised as “useful in diagnostic, prognostic,
and therapeutic decision-making for the medical and biomedical professions” [49]. Here, a
3D reconstruction of the microlipoma was created for the first time from serial histological
sections, exposing a prolate spheroid that can only result from non-homogenous growth. If
the fat cells expanded homogeneously in 3D, the focus would be spherical. Therefore, the
3D rebuild not only allowed insights on such kinetics but was also essential in confirming
the lack of lobulation and in realistically knowing the mass’s shape and size (volume).

In the end, what is the significance of a liver lipoma for a single fish or a fish popula-
tion? Given its evident rarity, an impact on populations can be excluded. Regarding the
individual, it can be deduced that the health impact will depend on the lipoma volume. In
the black barbel, given the small size of the lipoma, it is inferred that it was in an early stage
of development and growth. The mass minimally disturbed the nearby parenchyma, and
therefore it unlikely altered the liver function. However, it may be theorised that severe
morphofunctional impacts could appear if the lipoma expands over the years, finally
leading to individual health effects. Notably, one grown liver lipoma in otherwise healthy
human beings sparked abdominal pain, nausea and dyspepsia [50,51].

Irrespective of its cause and significance, the microlipoma described here seems to be
the second report of a hepatic lipoma in any fish species and the first in a barbel species.
The proposed diagnosis and detailed description of the finding in the black barbel can grab
the attention of researchers conducting liver histopathology in fish and consequently raise
awareness for this very likely underdiagnosed and underreported situation.
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