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ABSTRACT

A qualitative study by light and electron microscopy was undertaken on the liver of the brown trout, Salmo
trutta fario. Vessels and bile ducts were observed to be scattered without any apparent order within the
parenchyma. Venous profiles appeared either isolated or included in 'venous-arteriolar tracts' (VAT) and
'venous-biliary-arteriolar tracts' (VBAT). Bile ducts also appeared either isolated or in groups which often
included an arteriole. The parenchyma was organised in tubules of hepatocytes encircling biliary passages
radially. Those cells were uninucleate and contained large cytoplasmic areas of rough endoplasmic
reticulum; lipid droplets and dense bodies sometimes also occupied a considerable portion of the cytoplasm.
Microvilli extended from hepatocytes into biliary passages and towards the space of Disse. Other cell types
encountered comprised biliary epithelial cells, macrophages (including melanin laden cells), fat-storing cells
and endothelial cells. The biliary tree was formed sequentially by intra- and intercellular canaliculi,
preductules, ductules and ducts. Canaliculi without microvilli are described for the first time in fishes.
Structural differences between the brown trout and other fishes were noted. In contradistinction to other
fishes, in brown trout the triads (i.e. the VBAT) are not just occasional structures; also, they probably
transmit portal veins. Our observations support the concept of a tubular arrangement of hepatocytes in fish.
The possibility that the axis of the tubule may be a sinusoid instead of a biliary passage is questioned.
Homology between, on one hand, the segment formed by preductules and ductules and, on the other, the
canal of Hering of mammals is defended. It is concluded that among salmonids notable interspecific
differences do not seem to exist.
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INTRODUCTION

With the escalating threat of pollution, the search for
histological indicators of environmental quality and
physiological stress achieves increasing importance.
The liver is an integrator of physiological and bio-
chemical functions and thus alterations, for example
in its structure, might be expected under certain
toxic circumstances (Hinton & Lauren, 1990). Besides
being used as sentinel organisms in environmental
studies (bioindicators), fishes may also serve as models
for testing chemical hepatocarcinogenesis (Ashley,
1973; Malins & Haimanot, 1991). Additionally,
ontogenetic changes in the liver of lampreys may

represent the first live model for studying infantile
biliary atresia in the human (Youson & Sidon, 1978).
As a preliminary to the evaluation of pathological
reactions, it is necessary to establish the normal
structure of the organ; otherwise, morphological
changes associated with age, sex, season or nutritional
stage, may be confused with toxic-induced lesions.

In the late 1970s, the number of papers devoted to
ultrastructural features of normal fish liver amounted
to only 10 (Hacking et al. 1977). A current survey
revealed 61 papers (involving 43 species) with relevant
information (usually not complete descriptions);
nevertheless, studies on marine and brackish water
species are relatively few, numbering only 15. For the
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Fig. 1. General light microscopy view of the liver of the brown trout. Some components of the stroma, namely venous vessels (V) with little
adventitial connective tissue, are dispersed at random within the parenchyma. Paraffin section, haematoxylin and eosin. Bar, 125 im.
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Salmonidae family, several light and electron micro-
scopic studies on the normal structure of the liver have
been undertaken, on the chum salmon, Oncorhynchus
keta (Takahashi et al. 1977), coho salmon, Onco-
rhynchus kisutch (Leatherland, 1982), Atlantic salmon,
Salmo salar (Robertson & Bradley, 1991, 1992) and
rainbow trout, Oncorhynchus mykiss (Berlin & Dean,
1967; Hacking et al. 1977; Chapman, 1981; Hampton
et al. 1985, 1988, 1989; Schar et al. 1985; Hinton &
Lauren, 1989). It is noteworthy that the structure of
fish liver varies between species. Obvious differences
are stated to exist even within the same family, and
there is therefore definite interest in studying hepatic
structure for a particular species (Schar et al. 1985;
Robertson & Bradley, 1992). There are, however,
interorder structural similarities (Hampton et al.
1985). If we are dealing with a potential bioindicator
species, the interest for that species is accentuated, as
is true for the brown trout.
The aim of this paper is to provide an overview,

both by light and electron microscopy, of the
microanatomy of the liver of the salmonid brown
trout. This is the first of a series of reports in which the
hepatic structure of that teleost will be characterised
in detail, both in qualitative and quantitative terms.

MATERIAL AND METHODS

Two-year-old male and female specimens of brown
trout (Salmo truttafario Linnaeus, 1758) with a mean
weight of 344 + 97 g (n = 20) were obtained from the
Centro Aquicola do Rio Ave (Vila do Conde,
Portugal), during the month of June. The fish were
kept in fibreglass tanks with dechlorinated water
(pH 7.4-7.5) for 1-4 days before being used; the water
temperature was maintained at 17.3 + 1.3 'C. The fish
were fed twice a day, ad libitum, with commercial
trout pellets.

Prior to fixation, the trout were anaesthetised by
immersion in 0.3 ml 1-1 aqueous solution of ethylene
glycol monophenyl ether (Merck) and then weighed.
Liver fixation was achieved by perfusion via the
hepatic portal vein or a major tributary of it. A thin
needle was inserted into the vein and fixed securely in
place; the needle was connected by rubber tubing to 2

plastic syringes (for washout solution and fixative).
First, 2-4 ml of an isosmotic (246 mOsm) (Hampton
et al. 1985) Ringer-like solution, pH 7.3, was perfused
at a flow rate of approximately 5.2 ml min-1 kg-'
body weight (Hampton et al. 1985, 1988, 1989) by
manual operation of the syringe. The solution had the
following composition: NaCl 0.70°%, KCl 0.05 %,
CaCl2 0.022%, MgCl2 0.01%, Tris 0.1%; heparin
was added to the solution to make a concentration of
125 IU ml-'. Subsequently, 20-40 ml of fixative were
introduced as described above. As the washout
solution started to flow, the posterior kidney was cut
in order to allow fluid to escape via the renal venous
portal system; concomitantly, other portal vein
tributaries as well as extrahepatic bile canals were
clamped to reduce fixative dilution. Both washout
solution and fixative were used at 15 °C.
The fixative used in the perfusion was 2.5 %

glutaraldehyde in 0.1 M S0rensen's phosphate buffer
(pH 7.3). After removal of the liver, most of it was
immersed in Bouin's fluid and processed for light
microscopy (the sections were stained with haema-
toxylin and eosin or with Masson's trichrome);
the remainder was sliced into small fragments
(- 0.5 mm3) and processed for transmission electron
microscopy (TEM). The small pieces were further
submerged in the same fixative as used for perfusion
for 3 h (2 h at 4 °C and 1 h at room temperature) and
then rinsed for 2 h in the same buffer at 4 'C.
Postfixation was in buffered 1% OSO4 for 2 h (I h at
4 'C and 1 h at room temperature). After dehydration
in ethanol, the pieces were placed in propylene oxide
and embedded in Epon. Ultrathin sections were
doubly stained with uranyl acetate (saturated solution
in 50% methanol) and aqueous lead citrate (Rey-
nolds) and then examined under a JEOL 100 CXII
TEM at 60 kV. For scanning electron microscopy
(SEM), the fixative used in the perfusion was 2.5%
glutaraldehyde with 2.0 % paraformaldehyde in 0.1 M
cacodylate buffer (pH 7.3). Small pieces were further
immersed in the fixative for 4 h at 4 'C, and then
rinsed as above, dehydrated in ethanol and critical
point dried. The fragments were cut again with a razor
blade, gold coated, and observed with a JEOL JSM
35C at 15 kV.

Fig. 2. Light micrograph of a venous-biliary-arteriolar tract (VBAT) formed by bile (B), venous (V) and arterial (A) elements enclosed in
a common sheath of adventitial connective tissue. Paraffin section, Masson's trichrome. Bar, 50 gm.
Fig. 3. Light micrograph of a semithin epoxy section of the hepatic parenchyma. The tubular arrangement of the hepatocytes is perceived
looking at the centre of the image. The central tubule is surrounded by sinusoids (*). The axis of the tubule is a biliary passage (arrowheads).
The nucleus of a biliary epithelial cell is distinct (circle). Presumptive dense bodies lie in the apical regions of hepatocytes (arrows). E,
endothelial cells. Toluidine blue stain. Bar, 15 gm.
Fig. 4. SEM micrograph of a sectioned surface of the liver, exhibiting the tubular architecture of the gland. R, red blood cell; S, sinusoids;
T, tubules of hepatocytes. Bar, 1 I gm.
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Fig. 5. TEM micrograph of a hepatocyte. The cell is somewhat pyramidal, with the base facing the sinusoids (S) and the apex directed
towards the axis of the tubule (lower left). The nucleus displays a nucleolus (circle) with nucleolonema. The cytoplasm presents large areas
of rough endoplasmic reticulum (RER) and also some lipid droplets (L), mitochondria (Mi) and dense bodies (arrowheads). The Disse space
contains innumerable microvilli (*) projecting from the hepatocyte. E, endothelial cell cytoplasmic extensions. Bar, 2.5 gm.
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All numerical data found in the text are presented
as mean + standard deviation.

RESULTS

General microanatomy

Vascular elements, venous and arterial, and bile ducts
were observed to be scattered randomly within the
parenchyma (Fig. 1). Nevertheless, it was noted that
there were venous profiles that were not associated
with any other blood vessel; others were associated
with 1 or 2 arterioles; finally, in several profiles an
association of 3 elements was discernible, a vein and 1
or 2 arterioles and bile ducts (Fig. 2). The biliary
segments were either isolated or in groups of 2 or 3
units; often, an arteriole was associated with the
ducts. Arterioles isolated from any other stromal
element were rarely observed.
A network of capillaries surrounded, partially or

completely, the hepatic muralium. The hepatocytes
were organised radially in tubules (Figs 3, 4) which
branched and anastomosed repeatedly. The diameter
of the tubules was 35.7 + 5.1 pim. In cross section, each
tubular profile had 5-8 pyramidal shaped hepato-
cytes; their bases faced the capillaries and their apices
were directed towards the axis of the tubule (a
segment of the biliary tree, with or without epithelial
cells).

Characterisation of cell types and biliary tree
components

The hepatic cell (Fig. 5) displayed a single spherical
euchromatic nucleus (containing 1 or 2 conspicuous
nucleoli). The nuclear diameter was 7.3 + 0.7 gm. The
longest and shortest hepatocyte diameters were re-
spectively 20.5 +2.3 gm and 13.6+ 1.0 jgm. The cyto-
plasm usually contained a considerable amount of
rough endoplasmic reticulum, contrasting with rela-
tively few glycogen particles. Smooth endoplasmic
reticulum was scarce. Lipid droplets sometimes oc-
cupied a substantial proportion of the cytoplasm. The
apically placed Golgi apparatus was not prominent.
Electron-dense bodies were located mostly in a
supranuclear position; they corresponded to peroxi-

somes, lysosomes, residual bodies and lipopigment.
Coated vesicles were abundant, whereas microtubules
and multivesicular bodies were only occasionally seen.
Gap junctions joined the hepatocytes laterally. In the
hepatic cell/capillary interface there was a classical
space of Disse (Fig. 5), with a width of 1.37 + 0.26 jim.
The biliary tree arborised in accordance with the

nomenclature proposed by Hampton et al. (1988):
canaliculi, preductules, ductules and ducts. The
canaliculi (Figs 6, 7) were formed by the apposition of
3-5 hepatocytes; in rare instances, however, the
canaliculi were intracellular. Adjacent to the lumen
the cells were joined by apparent tight junctions,
followed by desmosomes. Microvilli projected from
the hepatocytes into the lumen, except in the smaller
canaliculi. Bundles of filaments formed a circular
network around the pericanalicular cytoplasm.
Canaliculi with the same number of cells but having
quite different diameters (from 0.4 to 4.8 gm) were
also observed.

In the preductules (Fig. 8), besides the hepatocytes
a new cell type appeared, the bile preductular
epithelial cells. These cells had no basal lamina and
were linked to hepatocytes by the intercellular
junctions referred to above. Nearly all luminal
microvilli belonged to the hepatocytes. A delicate web
of filaments was present at the apex of these cells.
When the wall of the biliary channels was integrally

constituted by biliary epithelial cells (up to 4 in
number), they became ductules (Fig. 9). Those cells
were attached by apparent tight junctions, desmo-
somes and interdigitations and, additionally, were
joined to the hepatocytes basally by desmosomes. A
few short microvilli projected into the lumen, and a
filamentous network was present at the adluminal
cytoplasm. Some canaliculi opened directly into
ductules.

Transition to ducts (Fig. 10) was achieved when a
basal lamina appeared. Concomitantly, the channel
was encircled by fibrocytes and myocytes (up to 4
layers). Apical junctional complexes, as described
for the ductules, were also present. There was an
increasing number of ordered microvilli, longer than
previously. In addition, mucous granules started to
form in cells of larger ducts. Adventitial melanomacro-
phages (Roberts, 1975) were associated with smaller

Fig. 6. TEM micrograph of an intracellular bile canaliculus, with the lumen showing numerous microvilli (*) projecting from the hepatocytes.
A cytoplasmic web of filaments encircles the lumen which is fully patent (arrows). Bar, 1 gm.
Fig. 7. TEM micrograph of a very small bile canaliculus formed by the apposition of 3 hepatocytes (H1_3) joined by appaTent tight junctions
(arrowheads) and desmosomes (D). The lumen (*) is still devoid of microvilli. Bar, 0.5 im.
Fig. 8. TEM micrograph of a bile preductule. The wall is formed by hepatocytes (H) and a bile preductular epithelial cell (PC). The PC joins
the hepatocytes by apparent tight junctions (arrowheads) and desmosomes (circles). All microvilli observed in the (upper or lower) lumen
(asterisk) of the preductule just extend from hepatocytes. Bar, 1.5 gim.
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Fig. 9. TEM micrograph of a bile ductule. The wall is formed by 2 epithelial biliary cells (EC) joined by apparent tight junctions (arrowhead),
desmosomes (circle), and interdigitations (In). Two short microvilli (arrows) project from the EC into the relatively narrow lumen. C,
centriole, H, hepatocytes. Bar, 1.5 gm.
Fig. 10. TEM micrograph of a small bile duct. The epithelial biliary cells (EC) assume a somewhat cuboidal shape and are linked by apical
junctions (arrowheads) and interdigitations (In). Short microvilli project from the surface of the EC (arrows). A basal lamina (BL) lies at
the base of the EC. Flattened fibrocyte-like cells (F) entrap the channel contacting directly the BL. A melanomacrophage (outlined by block
arrows) lies adjacent to the channel; its cytoplasm contains melanin-like granules (Ml) and a putative phagolysosome (P1). Bar, 2 jgm.
Fig. 11. TEM micrograph of a perisinusoidal macrophage. The cell has an irregular shape, with its body connecting the Disse space, packed
with microvilli (*), and almost touching the endothelial cell (arrowheads); a thick cytoplasmic process (block arrows) runs amidst the
hepatocytes (H). The cytoplasm is rich in organelles, with an emphasis on putative primary lysosomes (arrows) and a perinuclear
phagolysosome (P1). Mi, mitochondria. Bar, 2 gm.
Fig. 12. TEM micrograph of a fat-storing cell or Ito cell (I). The cell body is confined to an enlarged subendothelial space, i.e. an area between
the endothelial cell (arrowheads) and the hepatocytes (H). Slender cytoplasmic processes (arrows) emerge from the cell body and run within
the Disse space. Bar, 3 gm.
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ducts (Fig. 10), whereas in larger ducts, apart from
those cells, there were intraepithelial macrophages.
No classical Kupffer cells were apparent. The

majority of macrophages had an interhepatocytic
situation, and most frequently they made contact with
the space of Disse (Fig. 11). Their electron-lucent
cytoplasm characteristically displayed small dense
vesicles (putative lysosomes) and huge dense bodies
frequently with a heterogeneous content (interpreted
as phagolysosomes, residual bodies and eventual
lipopigment). Melanomacrophages contained, in ad-
dition, melanin-like granules, located (isolated or in
small groups) preferentially in the adventitia of bile
ducts (Fig. 10) or of veins and arteries; less often, they
lay perisinusoidally.

Ito cells were occasionally observed in the space of
Disse (Fig. 12). They were clearly distinct from the
adjacent cells by their situation, shape, flattened
cytoplasmic processes, absence of microvilli and
eventual presence of several lipid droplets in the
cytoplasm. Ito-like cells were found in connection
with venous vessels of small calibre.

Capillaries, with a lumen 8.8 + 1.9 gm in diameter,
were formed by typical elongated and flattened
endothelial cells. Their attenuated cytoplasmic exten-
sions had fenestrations (75 + 18 nm in diameter),
commonly with a diaphragm. There was no basal
lamina associated with the endothelium.

DISCUSSION

In our study the usual reference points (centrolobular
veins and portal triads) used in the description of the
mammalian liver histology were not clearly identifi-
able. Several authors (Hinton et al. 1972; Hampton et
al. 1985; Schar et al. 1985; Robertson & Bradley,
1992), based on morphological criteria, tried to
differentiate central veins from portal veins of fishes.
In our opinion, the uniquely reliable criterion seems to
be the coupling of the portal veins with arterial and
biliary elements, especially when all these components
form a combination similar to the portal triads of
mammals. Although the latter associations were not
very abundant in the brown trout, they must not be
regarded as just occasional.
The presence of such triads has only been recorded

in the Atlantic croaker, Micropogon undulatus (Eurel
& Haensly, 1982), Atlantic salmon (Robertson &
Bradley, 1992) and rainbow trout (Schar et al. 1985;
Hampton et al. 1989); nevertheless, in those species
they were said to be rare. In the lattermost, biliary-
arteriolar tracts were described under the acronym

VBAT is now proposed for what we term venous-
biliary-arteriolar tracts to designate the triads in the
brown trout and, eventually, in some other teleosts. In
this sequence, we further suggest the acronym VAT
for the venous-arteriolar tract associations.
The tubular arrangement of the hepatocytes in the

brown trout resembles that recognised in other
salmonids, namely the rainbow trout (Schar et al.
1985; Hampton et al. 1985, 1988, 1989) and Atlantic
salmon (Robertson & Bradley, 1991, 1992). Although
there is a tubular array in the hagfish, Myxine
glutinosa (Mugnaini & Harboe, 1967) and lampreys
(Peek et al. 1979; Eng & Youson, 1992), the lumen
appears always to be a canaliculus.
The concept of a double-layered muralium (i.e.

2-cell thick interconnecting laminae) for the ar-
rangement of fish hepatic parenchyma (Elias &
Bengelsdorf, 1952) has been a well entrenched fact for
several decades. Notwithstanding this, some recent
reports (Hampton et al. 1988; Hinton & Lauren,
1990; Hinton, 1993) clearly defended for all the
cartilaginous and bony fishes the parenchyma array
found in the present study, i.e. tubules in which the
lumen is a canaliculus, a preductule or an initial
ductule, the tubular muralium (Hinton, 1993).

Studies on the teleosts, the Atlantic croaker,
Micropogon undulatus (Eurell & Haensly, 1982) and
grey mullets, Liza saliens, L. ramada and L. aurata
(Biagianti-Risbourg, 1991), reported that the hepato-
cytes are arranged into tubules comprising up to 10
cells surrounding a sinusoid. Langer (1979) apparently
supported the idea that the centre of the tubules could
be either a bile canaliculus or a sinusoid. These
interpretations were omitted in recent reviews (Hinton
& Lauren, 1990; Hinton, 1993). We think that this
important question should be further investigated in
order to establish a general model for the structure of
the tubules.
The ultrastructural aspects of the hepatocytes,

macrophages, biliary epithelial cells, Ito cells and
endothelial cells of the brown trout liver and those of
other fish species, particularly of other salmonids, are
generally similar. Certain differences, however, can be
discerned. Thus, for example, the hepatocytes of
brown trout have a small relative content of glycogen
when compared with that described for almost all fish
(this fact is probably related either to seasonal or
nutritional factors). In contrast to brown trout,
Robertson & Bradley (1992) stressed that the hepato-
cytes of Atlantic salmon do not show filaments in the
pericanalicular cytoplasm. Contrary to brown trout,
in many fishes, including the rainbow trout (Hampton
et al. 1988, 1989), there is no reference to Ito cells
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devoid of lipid droplets; it is recalled that in man
about 25 % of the Ito cells do not contain lipid (Sztark
et al. 1986).

Sexual differences in cell structure were expected
(Ishii & Yamamoto, 1970; Hampton et al. 1989;
Hinton, 1993), but they were not analysed in the
present work.
The structure of the biliary tree in the brown trout

resembles that found in the rainbow trout (Hampton,
et al. 1988) and Atlantic salmon (Robertson &
Bradley, 1992), the only fishes for which detailed
descriptions are available. Nevertheless, Schair et al.
(1985) state that in the rainbow trout whenever there
is only one bile duct it is accompanied by small
arterial and larger venous vessels. In the brown trout,
the occurrence ofcompletely isolated ducts is frequent.
Another difference is evident when the presence of
intrahepatocytic canaliculi in brown trout is compared
with their apparent absence in the other salmonids;
occasional intrahepatocytic canaliculi were reported
in other nonsalmonid species, e.g. in the zebra fish,
Brachydanio rerio, the mosquito fish, Gambusia affinis
(Weis, 1972), goldfish, Carassius auratus (Nopanitaya
et al. 1979), and grey mullet (Biagianti-Risbourg,
1991). In the brown trout, we have established that the
smallest biliary segments are canaliculi devoid of any
microvilli; in all other fish for which data are available
the smallest canaliculi are stated to possess microvilli.

In the rainbow trout, Hampton et al. (1988)
considered that the connection between bile ductules
and the initial portion of the bile ducts as being
analogous to the mammalian canals of Hering; the
latter are connecting channels between canaliculi (in
lobules) and bile ducts (in portal tracts). The canal of
Hering has 2 portions (Jones & Spring-Mills, 1988):
an initial portion, in which the wall is formed by
epithelial cells and hepatocytes, and a subsequent
one formed solely by 2-4 epithelial cells. The initial
portion of the canal of Hering is thus very similar to
the preductule of salmonids and its terminal segment
is identical to the salmonid ductule. This being so, the
preducules and ductules form a segment connecting
canaliculi to ducts; consequently, we consider that
segment as the homologue of the canal of Hering.

In summary, despite the morphological differences
that have been noted, the overall structure of the liver
of the brown trout resembles that found in other
salmonids, particularly in relation to Atlantic salmon
and rainbow trout. Moreover, our results support the
notion of a tubular arrangement of hepatocytes in fish
liver. We introduced 2 new terms regarding associ-
ations between stromal components of fish liver:
VBAT and VAT. For future reports on normal or

pathological microanatomy of fish liver, the use of a
well-defined nomenclature is essential.
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