Ghattas S. M, ISSN 1110-7219
111

A LIGHT AND ELECTRON MICROSCOPIC
STUDY ON THE LIVER OF EEL
(ANGUILLA ANGUILLA L.)

Ghattas S, M.
Department of Anatomy and Histology. Faculty of Vet. Mediclne,
Kafr EI-Shelch, Tanta Universtty

ABSTRACT

Liver specimens were obtained from six healthy adult male and female eels. The
specimens were processed for light and electron (transmisston) microscopic
exarnination. The light microscoplc observations revealed that, the liver of eel (s covered
by thin fibrous capsule formed mainly of reticular fibers. The hepatic parenchyma s
not arranged (n distinct lobules. The blliary channels and vascular elements did not
exhabit the classical triads but seem to be randomly dispersed in biliary tracts,
billary-arteriolar tracts and venous-bltary-arteriolar tracts. Rather than the Uver of
most teleostls the luer of eel lacked pancreatic exocrine tissue (hepatopancreas).
Electron microscopic observations revealed that cells of the liver differentiated to
hepatocytes and non—hepatocytic cells. The hepatocytes are characlerized by the
presence of abundant rough endoplasmic reticulum, dense aggregates of gtycogen and
lipid droplets (n their cytoplasm The non-hepatocytic cells including firstly, stnusotdal
cells, which are characterized by micropinocytotic activily. Secondly, pertsinusoldal fat
storing. Ito cells, which are the source of vlt. A. Thirdly, (nterhepatocytic macrophages.
There (s no classtcal kupffer cells. The results were discussed on the light of available
Uterature.

It was concluded that, the llver of eel have its own charactertistic features, devotd of
hepatic lobulation and hepatopancreas. Its cells are good source of glycogen, Upid and
vitamin A.

INTRODUCTION

Marked attentions were {ocused on the lver of fish. This can be attributed to the fact that, the
liver plays a major role In the process of vitellogenesis and in the energy production during
spawning (Wallace, 1878; Quebral, 1891 and Toru & Shozo, 1998).
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Recently, the flsh jmportance Increased as a médelte dctﬂmlrﬁ:é‘?’t‘“&ldronmental poliutlon.
e 8 & T ad ]
Tue llver as a tavrget organ is useu as biomarker fui'i:llstcnninlhg environmental quality (Malios &
Halmanot, 1991 and Gonzalez, et al., 1993), - fvdl. i+ 7

The histologleal study of the ltver in flsh was described by many authors (Groman, 1982).
striped bass (Grizzle & Rogers, 1976). catfish (Rocha et al., 18995 & 1997) irout and (Nelle et
al,, 1960) Ttlapla.

Eels Mve in rivers through out Europe and in North Afliica. grow in fresh water, when reach
sexual matwrity make thelr way to viver mouth and swim together to thely spawning grounds in
salt water sca (Hisek, 1987). The avajlable literatures have little information about the
histological structure of the Jiver of eel.

So. the present study atmed to establish the normal histological struclure of this organ (n eet
when present in Cgypllan sea waler.

MATERIAL: AND METHODS

Liver specimens were obtained [rom six adult male & female healthy cels. Thetr body length
ranges from 50-55 em. The Nshes were caugbt rom Manzalla lake in March. Thelir liver were
excised. For jight microscopfc examinalon. parallln sectlons were prepared, stained with
haematoxylin and eosin {(H & E). Crossmon's trichrome and Gomort's reticulln stains (Bancro(t
snd Stevens, 1990). For electron mleroscopie examination, very smal) pieces of Yver wore
immediately fixed in 2.5% cold glutaraldehytle In phosphale bulfer (pH 7.2) for 24 hovrs. Then
post {ixed in 1% cold osroium tetraoxdae (n phosphat\g_bluffcr (pH 7.2) for 4 hours. The speclmens
then were dehydrated in gradé:} alcohol and embedded Ia aratdite resin (Hayat. 1989}. Semi-thin
section (lum in thiclmess) were staincd with 1% toluidine blue (o select the fleld for ultrathin
sectlons, mounted In giids, stained with uranyl acetate and lead citrate and cxamined by JEOL

100 C x transmission electron mleroscope.

RLSULTS
I- Light mlcroscopy:

The livec of ecl )8 formed of retculotubulac gland which is covered with thin ibrous capsule
formed mainly of reticular fibers. The hepalic parenchyma Is not airanged In distinct lobules,
that arc appearing quite conttnuous. The radiel pattern of cellular plates rccoglnjze the unifs of
structure and assign Jmaginary boundaries to the lobule by rclayling upon the regularly
distributed central veins as a landmarks (Fig. i)- L h ot T |
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Hepatocytes were observed as large. polyhedral cells with spherical single nucleus and
prominent nucleolus, the cytoplasm is vacuolated (Fig. 2).

The billary channels and vascular elements seem to be randomly dlsperséd throughout the
parenchyma. The stromal components are three dimenslonally arranged as venous - billary -
arteriolar tracts (VBAT) (Fig. 3) & biltary - arterlolar tracts (BAT) (Fig. 4) and biliary tract.(BT)
(Fig. 2). The hepatic tracts are surrounded by a moderate amount of connective tissue (Fig. 3).
The medium- sized bile duct (s ltned by cuboldal epithellum (Fig. 2), while the large ones were
lined by columnar epitheliuvm with basally situated nuclel. The lamina epithelialis Is followed by
connective tissue layer and thick layer of smooth muscle flbers (Fig. 4).

Hepatlc sinusolds were frregular in shape distributed in between hepatocytes forming an
extenslve network {Fig. 1). Gomort's sliver stain visualized a reticdlum (ramework made up of
argyrophilic inter-related fibers outlining the hepatic sinusolds (Fig. 5).

The liver of eel lacked pancreatic exocrine tissuc (Hepatopancreas).

II-Election microscopy:
A-Hepatccytes:

They were polygonal in shape. The nuclear information of hepatocytes showed large, spherical
nuclet with few scattered euchromatin and aggregated peripheral heterochromatin (Figs. 6 & 7).
They contained prominent nucleoll (Fig. 6). Rough endoplasmic reticwlum was present as
abundant cisternae and In parallel form, appeared all over most of cytoplasm (Figs. 6 & 8).
Mitochondria exhibited large ovold shape and were distributed haphazard in hepatocytic,
cytoplasm (Fig. 6]. Golgl apparatus (s made up of three to four closed parallel arrays. The ends of
the cisternae are oftenly dilated (Fig. 7).

The cytoplasm of hepatocytes presents an extremely vadable appearance. The principal
source of variation is the content of stored material. glycogen and lipids. The glycogen appeared
in the cytoplasm as a dense aggregates (Fig. 7}, which is not uniformly distributed. Lipid appewrs
in the form of osmiophiltc (non membrane bounded) droplets of varying size, they are few smali

droplets (Fig. 7). Sometimes large droplets (Figs. 6 & 8). Spaces of Disse were located between
blood slnusolds and perlsinusoidal hepatocytes (Fig. 8).

B- Non-hepatocytic cells :
1- Sinuso{dal cells (endothelium) :

The hepatic blood stnusolds Is lined by one cell type only, the endothelial cell. It is formed of
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an attenuated cytoplasmic sheei. which delimlte space of Disse (Fig. 8), nuclel were generally
bulging Into the lumen. Numerous pinotytotic and micropinocylotic vesicles were observed
indicating high endocytotic and/or exocytotic actlvity (Fig. 9). Reticulin fibers are attached to the
endothellum by flne, fibrtllar meshwork which l”lllec!;the;r space of Disse (Fig. 8).

2-Perisinusoidal Ito cells (fat storing. perisinusoidal cells) @ -

[to cells present {mmediately undemeath the endothellal lining. The nuclel tend to be less
elongated with ‘deep Indentation. Osmiophllic lipid droplets (non membrane bounded) were
observed. rough"-endoplasmlc reticulum and ribosomes also demonstrated. No junction complex
between Ito cells and endothellal cells were observed. Cell mermbrane showed microveslcular

exocytotic actlviiy Into blood sinusolds (Fig. ).
3-Macrophages:

Interhepatocytic macrophages were located among hepatocytes. The nucleus ts targe
lobulated with abundant euchromatin. The cyloplasm contalned few mitochondria and rough
¢ndoplasmlc retlcutum. Electron dense bodles of different dlameter, phagosomes and lysosomes
were demonstrated (Fig, 10}

DISCUSSION

The obtalned results revealed that, thie Abrous stroma of the liver was formed mainly of
reticular fibers. Stmilar findings were reported by Speliberg et al. (1994) {n Atdantlc salmon.

In Lhe present study. the hepallc parenchyma Is not arranged In distinct lobules. The same
result was reported In several fish specles (Grlzzle and Rogera, 1976) In Cat fish, (Groman,
1982) In striped bass. (Speilberg et al., 1994) in Atlantic salmon, (Nell et al., 1990) in Tilapia.
In contrast, Timashova (1981) reported that liver of placla has well-developed connective tissve
fibers, clearly demarkate the parenchyma into distinet lobules. T

Regarding the arrangement of hepatocytes, they are raclally organizéd m plates around
central vein. Different opinfons were reported, the same observation was reported by Andcrson
& Mitchum (1874) In trout, Salama (1995) in carp. However, hepatocytic amangemenl were
recorded as drcular profiles in rainbow trout (Hampton et al., 1988), branching and
anastomosing cellular tubules In Atlantic salmon (Speilberg et al., 1884).

The present Investigation revealed that, the hepatocytes In general are large polyhedral cells
with spherical nucleus having prominent nucleolus. The cytoplasm Is vacuolated. Grizzle &
Rogers (1978} suggest that these vacuoles 10 Uver of catfish results from removal of glycogen

and fat in routine paraffin preparation.
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Desptite of the absence of hepatic lobulation in this study. the billary channels and vascular
elements seem to be randomly dispersed throughout the parenchyma as (VBAT), (BAT) and (BT).
Rather than hepatic trlads which were reported (n several fresh and salt water {ishes
(Timashova, 1981; Leatherland & Sonstegard, 1988 and Howse et al,, 1992), the term BAT
was first introduced for fish liver histology by Hampton et al., (1988) and Rocha et al. (1994)
in trout. 1t has been reported that, large diameter veins are occaslonally assoclated with smalt
bile channels and arteriole (VBAT) (Schar et al., 1985; Hampton et al.,, 1989 and Rocha et al.,
1998) in trout.

The present study revealed that medium and large sized blle ducts were Uned by cuboldal to
columnar epithellum In parallel to results of HEampton et al. (1888} tn trout.

The present Investigation revealed that, the liver of cel lacked pancreatlc exocrine tissue
(hepatopancreas). This result is fn agreement with the results of Eastman and Devries (1897)
in Antarctlc notothenids. On the other hand, hepatopancreas 18 a speclfic character of the tiver
of most fresh and salt water flsh species (Hinton et al., 1972) {n large mouth bass, {(El-Babbak,
1996) in Tilapia.

The electron microscoplic observation of the present study revealed that, the functional units
of the liver formed of numerous cell types, which are differentfated to hepatocytes and
non-hepatocytic cells (sinusoidal, perisinusoldal cells and macrophages). Hepatocytes exhibited
abundant clsternae of rough endoplasmic reticulum., dispersed allover the most of cytoplasm
and associated with free ribosomes, thts result in close parallel to results of Takahaghi et al,
{1977) in salmon. However, litde amount cisternae were reported In Zebra flsh (Peute et al.,
1978).

lipid droplets and glycogen were demonstrated with varable degrees In the cytoplasm of
hepatocytes. The stored material reflects to some extent the functlonal state of the cells (Santos,
1995) In marine flsh. The present study revealed large glycogen deposits simjlar to that observed
In Atlantic croaker. rainbow trout (Eurell & Haengly, 1982 and Hampton et al,, 1989). The
present study demonstrates lipild as osmiophilic droplet of varying size. The cytological
demonstration of the llver of fish specles revealed few droplets of lipid in hepatocytes of salmon
(Leatherland & Sonstegard, 1888). However, lipid form large mass in Antarclic ish (Eastman
& Devries, 1981).

The present Investigation demonstrates non-hepatocytic cells; firstly. the sinusoidal
endotheltal cells, which showed microptnocytotic vesicles. This Is indicating the high endocytosis
and/or exocytotic actlvity. It has been demarkated by McCuskey et al. (1888). Secondly, lto
perislnusoldal cells, these cells were clearly distinct from the adjacent cells by thelr sltuation.
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absence of mjcrovilli, nuclear deep Indentation and pres¢nca of lipid dropieds. ito cells have no
junction between them and endothelial cells. Rocha et al.-(1997) in brown trout.described Ito
cells as fat storing cells and source of vit. A, Eng and Yeuson (1992) added that llo celis
implicated in collagen production, responsible for flbrosis associated with natural degeneration
of billary tree (n brook lamprey. Thirdly, the interhepatocytic macrophages. which are situated in
between hepatocytes. No classical kupffer cells were appareni. Also kupfler cells were not seen In
sorne fish specles, rainbow trout (Hamptoo, et al.,, 1989) and Atlantic salmon (Speilberg, et
al., 1994). However. kupfler cells have been encountered in cat fish (Hinton and Pool, 1979),
cod (Fujita et al., 1986). The authors agreed that the kupffer cells were occaslonally observed
between the endothelial cells blocking the sinusoldal lumen. -
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Fig. {1) : A light micrograph of the eel liver showing, the arrangemen! of hepatic parenchyma into
cellnlar plates radiating from the central vein {v). nollee frregular shaped. distributed he-

patic sinusolds (arrows). (Crossmon'’s, trichrome st., Oc. X 10 & Obj. x 10).

e I

Fig. (2) : A light micrograph of the eel liver showing, large polyhedral hepatocytles (arrow) with
spherical nucleus, prominent nucleolus and vacuolated cytoplasm. A Jarge billary tract

holding two medium sized blllary ducts (B). The latters are lined by cuboldal cells (arrow
heads). (H & E, st., O¢. X 10 & Obj. x 40).
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Fig. (3) : A light micrograph of the eel liver showing, a large (VBAT) displaying one veln (v). small
billary ducts (B) and arterlole (A). The ducts and vesscls surrounded by a moderate
anizunt of connective tissue (C.T) (Crossmon’s trichrome st.. Oc. X 10 & Obj. x 100).

Fig. (4) : A lght micrograph of the eel liver showing, aspect of bigger (BAT) holding large biltary
duct (B) and arteriole (A). The bile duct s lined by high columnar epithellum with basally
situated nucleus (arrow) followed by connective tssue sheath (C.T) and smooth muscle
fibers {arrow heads) (71 & E st., Oc. X 10 & ObJ). x 100).
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Fig. (B) : A light micrograph of the eel liver showing. arygrophilic reticular ibers (arrows) outline
the hepatlc sinusolds (Gomori’s Silver st., Oc. X 10 & Obj. x 100).
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Fig. (6) : An clectron micrograph of the eel liver showing, a hepatocyte having an euch-ron9n1ic
nucleus (Ne) with prominent nucleolus (n). proliferative rough endoplasmic reticulum
(rER}. mitochondria (m) and lUpid droplets (L). (Uranyl acetate-lead cltrate. X 12,000).
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Fig. (7) : An electron microgcaph of the eel liver showing, a hepatocyte with a large spherical
euchromatic nucleus (Ne), proflles of Golgl apparatus {(G). glycogen depots (GL) and few
small lipid droplets (L). (Urany! acctate-Lead citrate X 10.000).
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Fig. (8) | An electron micrograph of the eel lver showing, blood sinusoid(s) contalned red blood
cell (arcow) and lined by flattened exiensions of endothelial cells (urrow heads) which «e-
Umite the space of Disse [SD) fllled with rettculin fibers meshwnrk attached (o the endn-
thellum. Notce perisinusoidal hiepatacyte (H). Its eytoplasm Is filled wilh rought endo-
plasmic reticulum (rER). few mitochondria () and lipid droplets (L} (Uranyl acelate-lead
¢ltrate. X 12000).
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Fig. (9) : An eJectron micrograph of the eel liver showing, blood sinusoids (S) containing red blood
cell (arrow). An endothielial cell {end) with attenuated cytoplasmic sheet {avrow heads).
Notlce perisinusoidal 1to cell (). s cytoplasm contains lipld droplets (1), cisternae of
rough endoplasmic relculum rER. The nucleus bas a deep tndentation [curved atrow).
Membranous micropinocyiotic vesicles were observed (double arrow). (Uranyl acetate-
Lead citrate X 12.000).
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Fig. (10) : An electron micrograph of the ecl liver showing, interparenchymal macrophages (I ng)
) In between hepatocytes (H). The macrophages have a layge lobulated nucleus (N). The cy-
toplasm contained large mitachondriz (n1). rough endoplasmic reticulum (tER) lysosomes

(Ls), electron dense bodies with different diameters (arrows) and phagosome (arrow

head). (Uranyl acetatc-lead clirate. X 20,000).
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