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INTRODUCTION

Abstract

The current study describes the morphological and histological ap-
pearance of the liver of the spiny dogfish Squalusacanthais, which is
classified as Class: Chondrichthyes, Subclass: Elasmobranchi. Mor-
phologically, the liver was observed as large, and consists of two
symmetrical lobes connected from the upper side, and the gallbladder
was observed in the right lobe. Histologically, liver sections were pre-
pared with H&E stain, and examined with a light microscope. Hepatic
parenchyma was surrounded by a capsule of connective tissue and
primarily composed of hepatocytes. The nuclei of these cells were
observed at the terminal site, with lipid droplets in the cytoplasm.
Central veins were observed, surrounded by connective tissue and
lined with a squamous epithelial layer. Hepatocytes were, separated
by numerous blood sinusoids with connective tissue. Blood arteries
were observed, surrounded by thick muscular fiber walls and narrow
lumens compared to veins. The portal vein was observed, along with
the artery and bile duct, surrounded by a thick connective tissue. The
bile duct was surrounded by a layer of muscular fibers, lined with a
simple columnar epithelial layer with clear nuclei, and a connective
tissue layer. Melanin-containing cells were observed, but no hepatic
lobules or connective tissue were seen between them. Additionally,
Hepato-pancreatic tissue was not identified.

Keywords: Histological Structure; Liver; Hepatocytes; Squalusacan-
thais; Chondrichthys; Elasmobranchs.

Fish form the largest and most diverse group of vertebrates, teleosts representing more than 25,000
of all known fish species, Chondrichthyes, on the other hand, do not exceed 800 species (Bone &
Moore, 2008). The spiny dogfish shark, Squalusacanthias, belongs to the class Chondrichthyes,
subclass Elasmobranchii, and order Squaliformes. It is a carnivorous fish (Heckmann, 2001) that
lives in saltwater in the northeast Atlantic Ocean and the Mediterranean Sea (Marine Biology Blog

in Libya).

Morphological, anatomical, and histological studies of the digestive system of fish and its associat-
ed glands play an important role in understanding the mechanisms of food digestion and absorption
(De Melo Germano et al., 2014). The liver is one of the most important glands associated with the
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digestive system. It is a relatively large vital organ and has a similar basic function and structure in
both Chondrichthyes and teleosts. The liver has many functions similar to those found in mammals,
such as the production of vital chemicals for the process of digestion. The liver is highly sensitive to
pollution with organic and inorganic compounds, as they can accumulate over time and cause life-
threatening conditions due to the liver's ability to remove toxins and store harmful components. It is
often used as a biological marker for environmental pollutants (Eppler et al., 2007). Additionally,
the liver's functions include storing and producing energy, hormonal balance, and clotting, and it is
the center of metabolism (De Melo et al., 2019). In fish, the liver produces bile and maintains meta-
bolic balance, which includes processing and storing carbohydrates, proteins, fats, and vitamins.
The liver also plays a major role in synthesizing plasma proteins such as albumin and fibrinogen,
and liver tissues vary among species, but there are general features present in most species (Gen-
ten et al., 2009). Typically, it is reddish-brown in carnivorous animals, depending on the diet. The
liver may be located in the anterior part of the abdominal cavity and adapts its size and shape to the
available space between other visceral organs (Sales et al., 2017), or in some species, it may be
elongated along the abdomen or attached to other intestines, or it may be a composite organ in the
form of a hepato-pancreatic organ.

The liver tissues of fish differ from those of mammals in that hepatic cells rarely tend to form cords
or distinctive lobules, and the typical portal triads are not clear (Mumford et al., 2007). The struc-
tural tissue of the liver is enclosed in a thin capsule of fibrous connective tissue and consists primar-
ily of multi-surfaced hepatocytes with a visible cellular membrane usually with central nuclei. Gly-
cogen deposits are often dissolved and fats are stored, resulting in a wide variety of liver tissues
(Genten et al., 2009). The central veins can be randomly observed throughout the hepatic paren-
chyma, and structures with small gaps are apparent in hepatocytes due to the presence of fats. The
presence of glycogen may indicate the fish's ability to synthesize or break down glycogen according
to metabolic needs. The hepatic sinusoids are distributed among the hepatocytes that form a wide
network. These sinuses are lined with blanket cells with dark nuclei and Kupffer cells that are star-
shaped with large dark oval nuclei. In addition, a large amount of connective tissue is identified
around blood vessels, and a network of blood vessels and bile ducts is found within the tissue com-
ponents of the liver (Mokhtar, 2017).

There are limited studies on the liver tissues of elasmobranchs. A study conducted by (De Melo et
al., 2019) indicated that the liver in the blue shark Prionaceglauca is the largest gland in the body,
located in the abdominal cavity and is shaped like two elongated lobes, with the tip of the lower
lobe tapered in a semicircular shape, while the right and left lobes of the liver are symmetrical.
Elasmobranchs do not have a swim bladder, which requires them to constantly move to avoid
drowning, which is why they have a high-fat content to float, as the liver acts as a hydrostatic or-
gan.

Oguri (1978) in a study on dogfish, (Adams et al., 2015) in their study on the longfin mako shark
(Isuruspaucus), and (Gajié et al., 2020) in their study on the catshark (Scyliorhinuscanicula) indi-
cated that hepatocytes contain a large number of fat droplets and contain brown pigment granules
called melano-macrophage centers MMC.

(Seyrafi et al., 2009) in their study on Pangasiushypophthalmus, as well as (Hibiya, 1982; Mum-
ford et al., 2007; Coetzee, 2018) described the liver as being covered with a thin capsule consisting
of a serous layer and connective tissue, part of which extends into the liver parenchyma. The liver
lobules were not visible, and the liver parenchyma mainly consisted of multiple surface hepatocytes
with central nuclei, with many hepatic sinusoids and cavities for fat storage. The hepatocytes of the
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liver (spherical shaped) are irregularly distributed with sinusoids in between (Hibiya, 1982; Mum-
ford et al., 2007).

The hepatic ducts that collect yellow bile from the liver were observed by (Borucinska et al., 2009)
in their study on the liver of three species of fish. The portal triad, consisting of the hepatic vein,
hepatic artery, and bile duct, has been described in teleost, but studies are limited to elasmobranchs
(Akiyoshi& Inoue, 2004; Coetzee, 2018).

Due to the importance of comparative studies of fish in interpreting some phenomena and evolu-
tionary relationships imposed by environmental, genetic, and life conditions on this vertebrata in
general, this research was designed to study the morphological and histological structure of the liver
in a type of fish belonging to the class of chondrichthyes.

MATERIALS AND METHODS

The current study was conducted on a type of chondrichthyes, specifically the spiny dogfish S.
acanthais (Figure 1). The samples were collected from the fishing port in the area of Qasr Ahmed,
and the area of Abu Qareen in the east of Misuratah, with a total of 4 samples. Morphometric meas-
urements were conducted on the samples; the average lengths were (67.2 cm), and the average
weights were (2.5 kg). The samples were then transferred to the animal science department labora-
tory at the Faculty of Science, Misrata University, in plastic polythene bags with ice to preserve
them until the study was conducted. The fish were identified visually, and external morphometric
measurements were taken. A longitudinal incision was made in the abdominal cavity using a scalpel
from the beginning of the anus to the gill chamber, and then the liver was removed and placed in a
dissecting dish to identify the main parts. Afterward, it was washed with a saline solution, cut into
small pieces, and immediately transferred to 10% neutral formalin fixative to preserve it until the
next step.

For histological studies, parts of the liver were taken and cut into small pieces, and placed in vials
containing formalin w (10%). Each vial was labeled with the name of the fish used in the study and
the specific part of the sample. The study samples were then sent to the tissue unit in the Misrata
laboratory. The targeted study samples were processed in an ascending series of ethanol (70-100%),
then soaked in xylene, embedded in paraffin wax, and then cut into tissue sections using the rotary
microtome model Cut 5062 (an Argentic company SLEE Medical) with a thickness of 5 microme-
ters. The tissue sections were stained with hematoxylin and eosin (H&E) dyes, washed with water,
dehydrated in an ascending series of ethanol, soaked in xylene, and mounted with DBX glue for
examination under a light microscope (Bancroft & Stevens, 1977). The tissue sections were then
photographed using a Motic BA 310 Digital microscope.

TL

Figure: (1).The éeneral appearance of the fish studied: S acanthais, Total Iegth(TL).
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RESULTS ANDDISCUSSION

The morphological examination showed that the liver of the S. acanthais fish occupies most of the
abdominal cavity. It is large, takes a ventral position relative to the stomach and intestines, has a
pinkish-yellowish color, and consists of two symmetrical lobes connected by an isthmus. Each lobe
is elongated, broad at the top, tapered at the end. Additionally, the gallbladder was observed in the
right lobe as shown in (Figure 2: A, B). These results are consistent with the findings reported by
(De Melo et al., 2019) in their study of the liver of the Prionaceglauca shark, describing it as the
largest gland in the body, located in the abdominal cavity, consisting of two symmetrical elongated
lobes with a tapered lower end in a semi-circular shape, and with the gallbladder extended in the
right lobe. In his study on the liver of the European Spotted Dogfish, (Oguri, 1978) described it as
relatively small in size, which contradicts the current consensus that elasmobranchs typically have
large livers. This was confirmed by (Genten et al., 2009; De Melo et al., 2019), who stated that the
liver occupies more than 80% of the abdominal cavity. Like other chondrichthys, sharks do not
have a swim bladder and must constantly move to avoid sinking. The average density of the liver is
related to the fat content, and the high oil content of these fish allows them to float more easily in
the water column, acting as a hydrostatic organ to help them maintain their position. The liver rep-
resents 20% of the total body weight (de Melo, et al. 2019), and its size and weight vary depending
on the species, age, and season. According to (Brusle & Anadon, 1996), up to 90% of the liver can
be made up of oil. There are also differences in liver structure between males and females, as well
as between mature and immature fish. It has been observed that fat storage begins at the embryonic
stage, where hepatocytes accumulate fat in the cytoplasm according to the growth of the embryo, as
demonstrated by (De Melo et al., 2019) in their study on sharks.

Figure: (2).The phenotype and location of the liver in Dogfish shows : A - liver lobes(L.i), spiral valve (SV), pectoral
fin (pc), B - right lobe of the liver (RL), left lobe of the liver(LL), gallbladder (arrow), isthmus (Is).

The histological appearance: The histological examination results in (Figure 3:A, B) show a section
passing through the liver of Spiny dogfish S.acanthais composed of typical functional units associ-
ated with fish liver, including the basic structural tissue of the liver (parenchyma), blood vessels,
and the biliary canal system, surrounded by a thin capsule of connective tissue. The hepatic paren-
chyma appears primarily as hepatocytes with a clear cellular membrane, rich in lipid droplets. Due
to the large amount of fat in the liver, these hepatocytes vary in size and shape and do not have vis-
ible cytoplasm in H&E preparation, but they have an unstained appearance (white) (Figure 3). It
seems that the organization of the liver parenchyma in elasmobranchs are less organized than in tel-
eost. Additionally, some functional units such as biliary canals were less prominent. The high con-
tent of fat in the liver may have led to an evolutionary change in elasmobranch hepatic parenchyma,
where hepatocytes were observed to be organized in separate clusters, separated by a thin layer of
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connective tissue that likely provides support to the parenchyma. The high fat content may lead to a
less stable organ structure without supportive connective tissue (Coetzee, 2022). The blood vessels
consist of spherical arteries, large veins, and small blood sinuses. The arteries have a significantly
thicker muscular layer and connective tissue layer surrounding the vessel compared to the larger
veins. It is also difficult to distinguish the central veins and portal veins. The section shows the
presence of the central vein surrounded by connective tissue and containing blood cells, as observed
in (Figure 3& 4), and the numerous blood sinuses that drain into the central veins are visible due to
the single file of red blood cells visible in these capillaries. The figure (Figure 3: A, B) also indi-
cates the leakage of blood cells from blood vessels that appear as blood clots, although the liver
does not provide the histological structure of the typical hexagonal liver of mammals, and liver lob-
ules or the connective tissue separating them were not observed. Also, Hepato-pancreatic tissue,
often identified in some fish species, was not identified.

The results of this study are consistent with the study conducted by (Seyrafi et al., 2009) in their
study of P.hypophthalmus and Coetzee (2022) in their study on three species of Elasmobranch-
es, Sphyrnalewini, Carcharhinubrevipinna, and Aetobatus narinari, where they described the liver
as covered with a thin capsule composed of the serous layer, and liver lobules were not clearly seen,
And the hepatic parenchyma is primarily composed of multi-surfaced hepatocytes usually with cen-
tral nuclei, and there were many liver sinusoids and gaps for storing fat, and macrophages cells, but
(Seyrafi et al., 2009) pointed out the presence of pancreatic-secreting tissues in the liver, which
was not consistent with the current study and Coetzee's study. (2022) where they did not observe
the presence of pancreatic tissues within the hepatic parenchyma.

In (Figures 3: C, D), the external capsule appears composed of connective tissue lined with squa-
mous epithelial cells that surround the parenchyma of the liver. Also, the different hepatocytes ap-
peared to differ in shape and size, surrounded by a visible cellular membrane, and the nuclei of
these cells were observed at the peripheral site of the cytoplasm and not central because they con-
tained droplets of fat. This is consistent with what (De Melo et al., 2019) pointed out in their study
of the liver in the shark P. glauca and (Coetzee, 2022) in his study of three species of elasmo-
branches fish S. Lewin, C. brevipinna, and A. narinari, where they mentioned that hepatocytes ap-
pear in different sizes of fat gaps that are introduced into the cells, leading to a shift in their nuclei
from the center to the periphery. Given that the liver contains a tremendous amount of fat in all the
sections examined, the liver tissue appears like adipose tissue.

Also, the results showed the presence of macrophages that play a role in engulfing foreign bodies
and removing bacterial causes of inflammation and disease that enter the bloodstream. This is con-
sistent with what (Seyrafi, et al., 2009); Coetzee, 2022) have pointed out, and may be present due to
environmental hepatic toxins from human pollution (Gaji¢ et al., 2020). The presence of these cells
in hepatic parenchyma is consistent with what was found in the study by (Adams et al., 2015;
Gaji¢ et al., 2020) on different species of elasmobranches. Additionally, histological examination
revealed the presence of melanomacrophage centers, which contain melanin granules, and these
structures appeared mostly spherical and stained dark brown in H&E.

These results were consistent with the findings of (Oguri, 1978) in his study of the liver of Europe-
an spotted dogfish, where he noted that hepatocytes contain a large number of fat droplets, as well
as brown pigment granules called melanin granules, which are usually irregularly distributed in liv-
er parenchyma and serve as evidence of environmental stress. They are also an indicator of water
quality and oxygen content, as well as a sign of chemical pollution in the environment where fish
live (Agius and Roberts, 2003). Some studies on elasmobranch species have also reported the pres-
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ence of MMCs, such as the study conducted by (Gajic et al., 2020) on the shark (Scyliorhinuscanic-
ula). Also, in a study conducted by (Borucinska et al., 2009) on three species of elasmobranchs, the
mako shark, the thresher shark, and the blue shark, the authors reported the presence of MMC in the
liver, testes, kidneys, and spleen. According to (Adams et al., 2015), MMC was found in the liver of
the shark Isuruspaucus, it has detoxification and recycling functions in the liver, as it breaks down
endogenous and exogenous materials and then becomes metabolic dumps (Mooney, 2012).

Figure: (3). Histological sections through the liver in a dogfish (S.acanthias)
A-Capsule (CP), central vein (CV), blood vessel (BV), hepatocytes containing fat droplets (*), blood leak (Arrowhead
in black) 40X, H&E.
B- Capsule (CP), central vein (CV), connective tissue surrounding the central vein (CT), blood cells (BC), hepatocytes
containing fat droplets (LD), blood sinusoid (SB), blood leak (arrows) 100X, H&E.
C-Capsule (CP), blood sinusoids (Arrowhead), hepatocytes containing fat droplets (*) 100X, H&E.
D-Capsule (CP), squamous epithelial cells (SE), blood sinusoids (SB), hepatocytes containing fat droplets (LD),
hepatocyte nuclei (Arrowhead in red), macrophage cells (MP), melanocyte centers (MC) 400X, H&E.

The portal triads were identified in some tissue areas, where the portal vein and its blood cells, the
blood artery, and the bile duct are collected, as the connective tissue appears thick and blue around
the bile ducts and veins (Figure 4:A, B, C, D). The bile duct appears surrounded by a layer of mus-
cle fibers and lined with a simple columnar epithelial layer, with clear nuclei that appear dark in
color, and a layer of connective tissue near the portal vein, as in (Figure 4: B). However, it cannot
be compared to the typical portal triad found in mammalian livers, and this is consistent with what
was mentioned by (Genten et al., 2009; Mumford et al., 2007), and Coetzee (2022) in their study on
several species of Chondrichthyes.
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Figure: (4). A- Central vein (CV), portal vein (PV), bile duct (BD), blood artery (long arrow), blood sinusoids (Arrow-
head in red), hepatocytes with fat droplets (Arrowhead in black) 40X, H&E. B-Hepatocytes showing fat (*in black),
hepatocyte nuclei (Arrowhead in red), blood sinusoids (SB), portal vein (PV), red blood cells (BC), artery (P), bile
duct(BD), connective tissue (CT), columnar epithelial cells (* in red) 100 X, H&E. C- Central vein (CV), portal vein
(PV), bile duct (BD), blood artery (P), connective tissue (CT) 40X, H&E. D- Portal vein (PV), blood artery (P), connec-
tive tissue (CT), hepatocytes containing fat droplets (*), central vein (CV), blood leak (Arrowhead in black) 40X, H&E

In mammals, the accumulation of fat within hepatocytes is considered a disorder known as hepatic
steatosis. When there is excess fat for a prolonged period, hepatocytes may become damaged and
inflamed. In sharks, however, this condition is a healthy and necessary adaptation to help them
float, as well as to serve as a glycogen store for conversion to glucose and energy, because they are
animals with large energy expenditure. Another function of fat in the liver is its importance during
embryonic development, where females use this fat to maintain and nourish their young (De Me-
lo, et al., 2019). Although the accumulation of fat in the shark liver is considered fairly normal, it is
also listed here as a change that should be considered in toxicological studies, since the fat content
(cytotoxicity) can increase due to exposure to toxic substances since the liver is the main organ of
detoxification and is important for the metabolism of fats, proteins, carbohydrates, bile secretion,
excretion of toxic substances and a large blood supply, it can play an important role in the extent of
exposure to toxic substances (Hibiya, 1982; Van Dyk et al., 2007; Mohamed, 2009; Yancheva et
al., 2015; &De Melo et al., 2019). The liver is the main organ for the biological accumulation of
substances due to the presence of enzymes that metabolize toxins, which often harm the organ
(Mumford et al., 2007; &Borucinska et al., 2009). Elasmobranch species mainly use proteins and
fats as part of their energy reserves (Remme et al., 2005). The main component of the liver is squa-
lene, a fatty acid that is also used in the production of cosmetic products (Remme et al., 2005; &
Cardefiosa, 2019). Therefore, fat accumulation can be considered somewhat normal, but exposure
to toxins can also increase levels above normal, resulting in changes in fat or hepatic steatosis, as
suggested in (Adams et al., 2015) study on longfinmako fish.
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CONCLUSION

The liver of spiny dogfish, is large, occupying most of the abdominal cavity, and its tissue structure
differs from the typical mammalian liver, with the absence of hepatic lobules and typical portal tri-
ads being unclear. Hepatocytes appear with varying sizes and contain a huge amount of fat, resem-
bling adipose tissue. In mammalian livers, fat accumulation is considered hepatic steatosis, while in
shark livers, it is a healthy and necessary condition. Since Elasmobranchs do not have a swim blad-
der, the liver acts as a hydrostatic organ to help them float. Pancreatic tissue is absent.
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