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RESUME

Morphologie et histologie du foie d'Oblada melanura (Linnaeus, 1758) (Teleostei : Sparidés) de la cote de
Tripoli, a l'ouest de la Libye : Les caractéristiques morphologiques et histologiques du foie des poissons
varient selon les especes. Aucun modele spécifique n'a décrit le foie de Téléostéen « Oblada melanura »,
poisson sparidé trés commune sur les marchés libyens et a importance économique. Le but de cette étude vise a
décrire la structure anatomique et histologique du foie d'O. melanura. L’étude de 215 spécimens de la cote de
Tripoli, d'une longueur totale allant de 127 a 261 mm et de poids du foie de 0,10 a 4,53 g, a été effectuée. Les
foies ont été fixés dans du formol a 10 %, puis sectionnés a 7 um et colorés a I'hématoxyline et a 1'éosine et au
PAS. Morphologiquement, le foie est en forme de triangle avec deux lobes, un antérieur plus grand et un
postérieur plus petit et il a deux surfaces : dorsale lisse et ventrale lobulaire. Histologiquement, la plus grande
proportion est constituée d’un tissu hépatique, tandis que la plus petite est d’un tissu pancréatique, ainsi que des
vaisseaux sanguins et des voies biliaires. Les hépatocytes sont polygonaux, avec un noyau sphérique et un
nucléole proéminent foncé. Du tissu pancréatique a été observé dans la partie viscérale du foie, formée par des
acinis exocrines pancréatiques, alors qu'aucun tissu endocrinien n'a été trouvé dans le tissu hépatique. Cette
étude a permis de conclure que la glande exocrine du pancréas d'O. melanura se trouvait a l'intérieur du tissu
hépatique.

Mots-clés : : Oblada melanura, Hépatopancréas, Histologie, Morphologie, Sparidés, Libye

ABSTRACT

The morphological and histological characteristics of the fish liver varies among species. No specific model
described the liver of Teleostei. ‘Oblada melanura’ which is the most common sparid fish species in the Libyan
markets with significant economic effects. The—atm—ef This study aim to describe anatomical and histological
structure of the liver of O. melanura. 215 specimens, with a total length ranged from 127 to 261 mm and the
liver weight from 0.10 to 4.53 g, were obtained from Tripoli coast. The livers were fixed in 10% formalin, then
sectioned at 7 um and stained with hematoxylin and eosin and PAS. Morphologically, the liver is a triangle
shaped with two lobes, bigger anterior and smaller posterior and has two surfaces: smooth dorsal and lobular
ventral. Histologically, the largest proportion is the liver tissue, while the smallest is the pancreatic tissue, as
well, blood vessels and bile ducts. The hepatocytes are polygonal, with spherical nucleus and a dark prominent
nucleolus. Pancreatic tissue was observed in visceral portion of liver, formed by pancreatic exocrine acini, whilst
no endocrine tissue found in the liver tissue. This study concluded that the exocrine gland of the pancreas of O.
melanura found inside the liver tissue.

Keywords: Oblada melanura, Hepatopancreas, Histology, Morphology, Sparidae, Libya
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INTRODUCTION

Oblada melanura is the most common sparid fish
species in the Libyan markets with important
economies (Shtewi et al., 2018). As other vertebrates,
the digestive system of the fish consists of pancreas,
liver, stomach and intestinal tract (Kjorsvik and
Rhersen, 1992). Size, shape and volume of the liver
fish are depended on the available space between
other visceral organs of common cavity (Bertolucci et
al., 2008). The liver is divided into lobes located in
the anterior part of the common cavity, cranially and
ventrally, with a reddish-brown color in most teleost
fish and the numbers of lobes are different in some
fishes (Bruslé and Anadon, 1996). However, there is
one lobe in salmonidae or three lobes in scomberidae
and erythrinidae (Demir, 1992), while a few species,
such as Pimephales promelas and Hypostomus
francisci, have multi-lobes (Rizkalla and Emsheri,
1978; Ferguson, 1989; Sales et al., 2017). However,
Gingerich (1982) mentioned that most fish have a
single-lobed liver. |In general, the liver of teleost has
three lobes (Bruslé and Anadon, 1996).

Liver is described as a multifunctional organ acting in
digestion and production of biochemical necessary
for digestion, detoxification, storage, production of
vitellogenin and the synthesis of serum proteins and it
plays an important role in the body's metabolic
balance as well as the deposition and metabolism of
carbohydrates and fat (Bruslé and Anadon, 1996;
Roberts and Ellis, 2001; Menke et al., 2011).
Furthermore, the most important function of the liver
in the digestion is to secrete bile by hepatic cells into
the hepatic duct then passing to duodenum, while on
stomachless fish, the bile duct opens into the anterior
chamber of the intestines (Anderson and Mitchum,
1974).

The liver of some teleosts has aggregates of
macrophages cells called melanomacrophage centres
(MMC) and found in the other organs such as kidney
and spleen (Sales et al., 2017). Histologically, MMC
are distinctive groups of pigment-containing cells
such as melanin, hemosiderin and lipofuscins (Gomes
et al., 2015). MMC are present in the hepatic
parenchyma, usually seen in the vicinity of hepatic
arteries, portal veins, or bile ducts (Manju et al.,
2012). Size and number of MMCs depending on the
species, age and health status (Agius, 1980). As well
as, the presences, numbers and area of MMCs used as
biological indicator in environmental impact studies
(Ribeiro et al., 2011; Gomes et al., 2015).

The morphology of the liver is correlated functionally
to the physiological state of the fish. Therefore, it is
considered as a biomarkers organ and important
model (Caballero et al., 1999). Subsequently an
indicator of environmental quality for exploring
environmental changes and contamination (Rodrigues
and Fanta 1998). Notably, the histological

investigation of the liver is significant to
understanding  the interactions among  the
environmental factors, the hepatic structures, and the
functions (Au, 2004; Maharajan et al., 2016).

The histological structure of vertebrate liver has been
studied for a long period of time and classified into
main models; the lobular model as in mammalian
liver and the tubular model as in other vertebrate liver
(Yao et al.,, 2012). Interestingly, a plenty of the
previous studies of fish liver, they were exhibited a
great variety in the histological structure of the liver
organ among different species and within the same
family (Schar er al., 1985; Robertson & Bradley
1992). Furthermore, many studies mentioned that it
would be impossible to describe the liver of teleosts
in a general aspect (Rocha and Monteiro, 1999;
Flores-Lopes and Malabarba, 2007). Subsequently,
the histological investigations of fish liver are indeed
for the specific identification among variable species
(Figueiredo-Fernandes et al., 2007).

Liver of Osteichthyes is a very large, separate,
encapsulated and sinusoidal perfused gland (Wolf and
Wolfe, 2005). Histologically, hepatocytes are the
main cells in the liver; they are arranged around the
capillary space sinusoids in fish (Bombonato et al.,
2007; Nejedli and Gajger, 2013). The pancreas of
teleosts is classified into disseminated, compact and
intrahepatic  types  (Mokhtar, 2017). During
ontogenesis, the exocrine pancreatic tissue develops
around the portal vein and can remain extrahepatic or
penetrate more or less deeply and the proportion into
the liver parenchyma depends on the species of fish
(Brusle and Anadon, 1996; Nejedli and Gajger,
2013). Kjorsvik and Rehersen (1992) stated that
pancreatic tissues started in the posterior part of the
liver after the hatching. Therefore, some researchers
are named it hepatopancreas when the exocrine
glands of the pancreatic tissue are present in the liver
of some fishes. Meanwhile, others are named liver
(Geyer et al., 1996; Petcoff et al., 2006; El-Bakary
and El-Gammal, 2010; Agamy, 2012; Maharajan et
al., 2016; Bertucci et al., 2017). On the other hand,
there are some fish that have pancreases organ
separate from the liver as in Lithognathus mormyrus,
Prochilodus argenteus, Astyanax altiparanae and
Clarias gariepinus (Rizkalla and Emsheri, 1978;
Ribeiro et al., 2011; Chehade et al., 2014; Sayed and
Younes, 2017). Whereas, the gallbladder is present in
some fishes and absent in the other species such as
cod and some species of teleost fishes (Gingerich,
1982; Hinton et al., 2001).

Morphological and histological characteristics of the
fish liver and pancreas are obviously needed further
investigation. The present study is specifically to
describe the anatomical and histological structure of
the liver of O. melanura in details. To the author's
knowledge, this is the first study on the liver of O.
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melanura, which able be to support the mariculture of
this species, as well as to improve the local database.

MATERIALS AND METHODS

The work was conducted at marine biology
laboratory, Zoology department, Tripoli university,
Libya. 215 specimens of O.melanura were caught
from artisanal fishers in Tripoli fishing harbor (32°
53" 33" N and 13° 10' 48" E). The total length (cm),
total weight and liver weight (g) were measured for
all specimens and calculated of hepatosomatic index
(HSI) by equation:
Liver weight (g)

HS” = Total Cody weight(g) * 100

(Bukhari et al., 2012)
Liver was rapidly removed and cut into small pieces:
, then were fixed in buffered 10% formalin (Bancroft
and Gamble, 2008). The fixed liver pieces were
washed in running water, dehydrated through a
graded ethanol solutions series from 70 to 100 %,
cleared by xylene and embedded in paraffin. Then,
the blocks were sectioned at 7 um thickness on a

rotary microtome. Tissue sections were stained with
b T TR

Histology of the liver

The liver of O.melanura was covered with a thin
capsule of dense irregular connective tissue, mostly
collagen fibers and simple squamous epithelium. The
largest proportion of the liver is hepatic tissue, while
The smaller proportion is pancreatic tissue, as well,
blood vessels and bile ducts (Figure 2a).

hematoxylin and eosin (Culling, 1963) and Periodic
Acid Schiff (PAS) (Suvarna et al., 2012). The stained
sections were mounted in DPX and observed under
the transmitted light microscope (Axiostar company).

RESULTS

Hepato somatic index (HSI)

The total length of 215 specimens of O.melanura was
ranged from 127 to 261 mm (211£26.2 SD). The liver
weight of 215 specimens was measured and ranged
from 0.1 to 4.53 g (0.87+ 0.62). While HSI value was
calculated from 0.29 to 3.46g (0.82+ 0.42).

Anatomy of the liver

The liver of O.melanura is located in the anterior
region of abdominal cavity near the cranial cavity,
direct after heart. The liver is a triangle shaped and
consist of two lobes: bigger anterior and smaller
posterior. It has two surfaces: smooth dorsal and
lobular ventral (Figure 1). The ventral or visceral face
is concave, surrounded by the esophagus and parts of
stomach and intestine. The liver of O.melanura is a
reddish-brown in color.

[+
B
Fig 1. Gross section shows the anatomy of O.melanura, (a) ventral view of the visceral organs, liver (L),
heart (H), fat tissue (F), stomach (S), intestine (In). (b) dorsal surface, (c) visceral surface of the liver.

Overall, the sections of the liver, the lobe is not
divided into lobules and the typical portal triads are
not obvious, but the liver tissue appeared as cords
converging around the sinusoids to the center vein
(Figure 2b). The central veins are varied in size,
shape and lined with endothelial cells (Figure 2b).
The hepatic parenchyma was organized in hepatocyte
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plates surrounded sinusoids. The hepatocytes are
polygonal in shape with spherical nucleus usually
centrally, dark  prominent nucleolus and
homogeneous cytoplasm. The sections of the liver
tissue consisted of cords of hepatocytes arranged
between neighboring sinusoids. The hepatocytes are
array generally in plates with two hepatocytes thick.
The sinusoidal capillaries are narrow and branched
also connecting to central vein. In the sections which
stained with PAS-positive glycogen stain showed that
the hepatocytes were rich in glycogen (Figure 2b),
furthermore some hepatocytes contained vacuoles
(Figure 2c). The blood sinusoids are lined with
distinct endothelial cells interspersed among the
hepatocytes. The sinusoids are irregularly distributed
between the polygonal hepatocytes with very
prominent nuclei as showed in Figure 2b. In the
addition, Kiipffer cells are small cells with a dark and
elongated nucleus; they located amongst the
hepatocytes, around some sinusoids and sometimes
appeared at groups (Figure 2b).

-~
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The exocrine pancreatic tissue is a characteristic
feature in the liver of O.melanura and it consists of a
large number of acini. Exocrine pancreatic tissue
composed of secretory cells organized in acinus, and
the portal vein located in the center region of the
acinus (Figure 2c). Exocrine pancreatic tissue was
appeared as scattered tubular acinar glands, so it was
observed behind the capsule of liver tissue and
separated from the hepatic parenchyma by a thin
septa of connective tissue (Figure 2d). The secretory
cells of the acinus were pyramidal, darkly basophilic
cytoplasm stained and near the bases of the cells, in
contrast the apical parts of the exocrine pancreatic
acinus cells rich eosinophilic zymogen granules, as
well as, the nucleus has eccentric and prominent
nucleolus (Figures 2 ¢ & e). The portal vein
connected directly to the sinusoids in the liver tissue
for the distribution of the secretions by one canal or
more (Figure 2e). The bile system consists of bile
canaliculi and ducts. Bile ducts appear as round

_ channel in structures (Figure 2f).

il e

Fig 2. Histological sections of liver of O.melanura showing (a) Hepatic tissue, exocrine pancreatic tissue and capsule (PAS.
200X); (b) Hepatic parenchyma with hepatocytes cords (H&E. 400X); (c¢) & (d) Hepatic tissue and exocrine pancreatic tissue
(PAS. 400X); (e) Exocrine pancreatic tissue connected with blood sinusoid (PAS. 400X); (f) Hepatic tissue, exocrine
pancreatic tissue and MMCs with diads (central canal and bile duct) (PAS. 200X). blood sinusoid (Bs), bile duct (Bd),
capsule (C), central vein (CV), endothelial cells (arrowhead), hepatic tissue (HT), Kiipffer cell (K), liver plate (LP), melano-
macrophage center (MMC), pancreatic tissue (PT), portal vein (PV), secretory vesicles (Sv), vacuole (V).

The bile ducts consist of a simple cubic or columnar
epithelium and surrounded by a concentric layer of
collagen and smooth muscle fibers. Bile ducts located

mostly near to central vein in the liver tissue and
closed to exocrine pancreatic tissue behind the blood
supply (Figures 2f, 3a & b). The epithelial cells of the
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bile duct cytoplasm stained strongly by PAS, bile
canaliculi originate between adjacent hepatocytes, but
it does not explicit (Figures 3 b & c).

Melano-Macrophage center (MMC) is a special
category of macrophage which contains a variety of
pigments and appears as pigment cluster and capsuled
by simple sequamous epithelium. MMC present
usually between the exocrine pancreatic tissue and
hepatic parenchyma; hence, the MMCs usually found
in between the pancreatic tissue and hepatic tissue,
however the surface of the MMCs that faces the

= o)
Al |

pancreatic tissue is larger than the hepatic tissue
(Figure 3d). Moreover, some of the MMCs were
observed surrounded by the exocrine pancreatic tissue
in the interstitial tissue (Figure 3e), while no MMCs
were noticed in the hepatic parenchyma. MMCs were
covered by one layer of the epithelial cells or more
(Figures 3e & f). The macrophages presented a small
peripheral nucleus with different pigments inside the
cytoplasm such as black melanin pigments (Figure
3e).

Fig 3. Histological sections of liver of O.melanura showing (a) Bile duct with exocrine pancreatic tissue (PAS.
400X); (b) Bile duct beside to blood supply and portal vein (PAS. 400X); (c) Large bile duct connected to blood
sinsoid (H&E. 400X); (d) Melano-macrophage center between hepatic tissue and exocrine pancreatic tissue
(PAS. 400X); (e) & (f) Melano-macrophage center surrounded by the exocrine pancreatic tissue in the interstitial
tissue (H&E. 400X). arteriole (A), blood sinusoid (Bs), bile duct (Bd), capsule (C), Epithelial tissue (ET),
hepatic tissue (HT), interstitial tissue (IT), melano-macrophage center (MMC), pancreatic tissue (PT),
portal vein (PV).

DISCUSSION

The HSI of O.melanura specimens in this study
appeared relatively at normal average, which is
reflect the good health of the liver condition. Many

factors might be play a role to decrease of HSI such
as trophy or necrosis of hepatocyte, exposed to metal,
sexual maturation, season and photoperiod or
quantity and quality of food (Haug and Gulliksen,
1988; Larsson et al., 1984; Busackers et al., 1990;
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Hung et al., 1990). furthermore, liver is sensitive
organ to a great variety of environmental factors and
the morphological characteristics associated with
physiological status in fish (Caballero et al., 1999;
Gochfeld, 2003). The position of the liver of
O.melanura was in the anterior region direct after
heart as other teleost species, triangle in shape and it
consist of two lobes; anterior and posterior, while
some teleosts have no lobulation like Serranus
cabrilla or two lobes, right and left such as H.
platyrhynchos (Bruslé and Anadon, 1996; Gonzilez
et al., 1993; Faccioli et al., 2014). The size, shape and
volume of liver are adapted to the available space
between other visceral organs of general cavity
(Bruslé and Anadon, 1996). The color of the liver of
O.melanura  was  reddish-brown  similar  to
Hemisorubim platyrhynchos and Hoplias aff.
Malabaricus, while Geophagus brasiliensis was
yellow-brown, Hypostomus francisci was dark-
yellow color and Dicentrarchus labrax was light
brown color. There are many factors associated with
liver color such as food habits and health conditions
(Bertolucci et al., 2008; Faccioli et al., 2014; Sales et
al., 2017; El-Fergani et al., 2012).

In the liver parenchyma of O.melanura, the
hepatocytes are arranged in cords, there is no division
in the hepatic lobules and lack of portal triads was
observed as recorded in most teleosts (Hampton et
al., 1985; Gonzalez et al., 1993; Bertolucci et al.,
2008; Bombonato et al., 2007; Faccioli et al., 2014;
Sales et al., 2017). On the other hand, few species of
fish had triads such as Caranx spp and Lutjanus
bohar (Gonzales, 1992). The hepatocytes are
polygonal with a single spherical nucleus similar to
other teleosts; such as Limanda limanda, Oligosarcus
Jjenynsii, Sparus aurata and H. platyrhyncho (Petcoff
et al., 2006; El-Bakary and El-Gammal, 2010; Bucke
et al., 1984; Faccioli et al., 2014). The liver of
O.melanura was rich in glycogen and contained few
lipid vacuoles, while El-Bakary and El-Gammal
(2010) and Faccioli et al. (2014) were noticed few
glycogen granules and large amount of lipids in other
species. This differences are might be effect by many
factors mainly nutrition and the histochemical
contents of the hepatocytes, which describe the two
groups of fish; glycogen-rich or lipid-rich cytoplasm
(Akiyoshi et al., 2001) or both types like H. francisci
(Sales et al., 2017). However, the previous variations
are associated with distinct swimming behavior,
therefore active fish is rich in glycogen, while
occupier fish had large lipid reserves (Akiyoshi et al.,
2001). Moreover, Santos and Vinagre (1991)
mentioned that the amount of glycogen increased or
decreased after the development, while Hyvaeriner et
al. (1985) suggested that liver glycogen varied in
amount according to the age and seasonal changes.
The sinusoidal structures of O.melanura was cord-
like form, while G. brasiliensis and H. aff.

malabaricus showed tubular-like form (Sales et al.,
2017). The sinusoids are lined with endothelial cells
with elongated dark nuclei and Kiipffer cells of
O.melanura. Interestingly, Menke et al. (2011)
observed that the zebrafish liver does not have
Kuppfer cells.

The exocrine pancreatic tissue of O.melanura was
intrahepatic type like Ictalurus punctatus, Astyanax
altiparanae Oreochromis niloticus, Oligosarcus
jenynsii, Leporinus  macrocephalus, zebrafish,
Pagellus erythinus and G. brasiliensis (Kendall and
Hawkins, 1975; Bertolucci et al., 2008; Shtewi et al.,
2014; Petcoff et al., 2006; Bombonato et al., 2007;
Menke et al., 2011 Nejedli and Gajger, 2013; Sales et
al., 2017). While the pancreas of Ctenopharyngodon
idella have a disseminated form, an intrahepatic form,
and Gadus morhua have an immensely among the
pyloric caeca (Mokhtar, 2017; Pedersen and Petersen,
1992). The acinus cells of O.melanura rich in
zymogen granules of variable size, some of them dark
in color and others light color, that indicate the
presence of different enzymes within the granules.
(Gonzalez et al., 1993; Field et al., 2003).

The bile ducts of O.melanura lined with simple
cuboidal epithelium in small ducts and with simple
columnar epithelium in large ducts similar to other
teleosts (Faccioli et al., 2014; Sales et al., 2017). The
biliary channels are always near to portal or central
veins and exhibit diads and seemed to be randomly
dispersed in the parenchyma, this structure is similar
to C. idella (Mokhtar, 2017).

The MMC:s of the liver of the O.melanura are located
near the blood vessels, bile ducts and exocrine
pancreatic tissues similar to some teleosts such as H.
platyrhynchos and Cynoscion guatucupa, while they
were observed only near blood vessels in Hoplias
malabaricus and Leporinus macrocephalus (Diaz et
al., 1999; Lemes and Braccini, 2004; Bombonato et
al., 2007; Faccioli et al., 2014). The MMCs located
often near to the blood supply because of the relation
between the breakdown product of hemoglobin and
the pigment) Sayed and Younes, 2017). Herraez and
Zapata (1986) suggested a certain relationship
between the need for iron in erythropoiesis and the
disappearance of MMCs. Few dark pigments
appeared in the MMCs of O.melanura, while many
dark pigments showed in H. platyrhynchos (Faccioli
et al., 2014). However, some authors were suggested
to use the number and size of MMCs as biomarkers in
environmental impact assessment like water quality
(Agius and Roberts, 2003; Fishelson, 2006).

CONCLUSION

The anatomical and histological characteristics of the
fish liver varies among species, however, there is no
specific model has been described the liver of
Teleostei. Thus, each species of Teleostei needs
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further investigation and more extensive studies.
Taken all together, study of O.melanura can be used
to support the mariculture and expansion the locally
database, as well as, improve the Libyan markets for
all the species of Sparidae family.
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