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ABSTRACT

In the present report it is described the hepatic segmentation in the South
American opossum (Didelphis albiventris) to understand the external
morphology of the liver and the gross anatomic variations in the
arrangement of the intrahepatic portal vein in this marsupial. Twenty-seven
livers of opossums, of both sexes, young and adult, were studied through
anatomical methods, i.e., corrosion casting, gross dissection and
radiographs of intrahepatic branches of the portal vein. One liver, intact
and conserved in formaldehyde, was examined for further description of
the segmentation and correlation with the portal ramification.
Externally, four main lobes form the liver of the opossum: right lateral,
right medial, left medial and left lateral lobe. The caudate lobe is
considered an extension of the inferior face of the right lateral hepatic
lobe. There is great anatomical variability in the intrahepatic ramification
of the portal vein to each one of these lobes.
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INTRODUCTION

Marsupials are quite interesting biomedical models of primitive
mammals. There are many studies related to capture, feeding, caging,
anesthesia (Krupp and Quillin, 1964), body fluids sample collection
(Jurgelski, 1974; Moore, 1984) and perfusion for tissue fixation for
histology (Spagnoli et al., 1979).

In terms of comparatvie anatomy, in its philogenetic, functional,
anatomic and evolutive aspects, the cardiac and vascular system has been
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thoroughly studied (Forbes, 1881; Beddard, 1895, 1909; Parsons, 1896,
1903; Sweet, 1904; Mc Clure, 1900, 1903, 1906; Sonntag, 192la, 1921b;
Pearson, 1940; Blair et al., 1942; Amoroso et al., 1943; Wood Jones,
1949; Wade, 1968; Dowd, 1969, 1974; Dom et al., 1970; Stonehouse e
Gilmore, 1977; Figueiredo et al., 1979; Souza et al., 1982; Büll et al.,
1992; Fragoso Neto, 1994; Fragoso Neto et al., 1997).

Hepatic segmentation in the liver of marsupials has not been fully
studied and sometimes it is a controversial subject (Martin e Jones, 1834;
Forbes, 1881;  Beddard, 1895; Parsons, 1896, 1903; Sweet, 1904;
Mackenzie, 1918 a, 1918 b; Wood Jones, 1949; Perrot, 1966; Stonehouse
e Gilmore, 1977).

Rex, apud Elias and Petty (1952), reports that liver of mammals may
be classified according to the lobulation, origin and distribution of portal
vein branches. This seems to occur also in marsupials in which the vein
divides itself in 2 main trunks at the moment it enters the liver.

Therefore, this study aims to describe the hepatic segmentation in the
South American Opossum (Didelphis albiventris) in order to understand
the external morphology of the liver and the anatomical variations of the
intrahepatic portal vein branches, leading to a better knowledge of the
division of hepatic lobules in this mammal.

MATERIAL AND METHDOS

Twenty-eight young and adult opossums (Didelphis albiventris) of
both sexes, young and adult, were captured in the municipalities of
Botucatu-SP and Presidente Prudente-SP. Animals were anesthetized and
euthanasia was obtained by prolonged inhalation of chloroform.
Afterwards, 27 animals underwent laparotomy to expose the abdominal
contents and canulization of the extrahepatic portal vein with a needle
directed towards the liver. Several liquids were injected to obtain colored
contrast according to the following methods:

1. Vascular corrosion technique – in 22 animals the intrahepatic
portal ramifications were injected with vinilacetate diluted in acetone
and stained with color tone. After solidification of the material the liver
was removed and immersed in pure chloridric acid for corrosion and
study of the vascular molds, which were sketched.

2. Dissection – in three animals, the portal ramifications were filled
with a gel material colored with heated Suvinil enamel. After filling, the
canulated portion of the vein was closed with a knot and the liver
removed and immersed for one week in a 10% formaline solution for
fixation and hardening of the injected gel. The preparations were
removed from the fixative solution, undergo careful dissection under
magnification and the intraportal portal ramifications were sketched.
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3. X Ray technique – in two animals, after injecting the portal
ramifications with barium sulfate (Neobar), the livers were isolated,
fixed in 10% formalin and X-rayed. Afterwards, the livers returned to the
fixative liquid for proper conservation and the X rays of the portal
ramifications were carefully sketched.

4.Analysis of preparations and report of results – in the remaining
opossum (not injected) the liver was isolated and preserved in 10%
formalin for sketches and study of the external morphology. The lobules
were observed as well as fissures, and related structures in the visceral
(FIGURE 1) and diaphragmatic aspects (FIGURE 2). The morphological
terminology was according to Wood Jones (1949) for multilobulated
liver, the general type of marsupials and was also based in the NOMINA
ANATOMICA VETERINARIA (Simoens et al., 1994).

For the descriptive analysis of the segmentation in the liver the
following points were considered:

a) predominance of the direction of portal branching inside each
hepatic lobule

b) nomination of main vessels emerging from the common trunk of
the portal vein: first order branches; second order branches (minor)
originated from the primary division; and third order branches emerging
from the anterior vessels (major)
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FIGURE 1. Diagram of the visceral aspect of the liver in the Didelphis albiventris (see
text for details).

 



RESULTS AND DISCUSSION

External morphology of the liver (Didelphis albiventris)

The macroscopic observation of the opossum liver, from its visceral
aspect, allowed the identification of 4 different lobules despite the
caudate lobule with its long and prismatic caudate process (FIGURE 1).
It was observed the gallbladder (VB) with the cystic duct (DC), the right
lateral lobule (LD), the caudate lobule (C) with the caudate process (PC),
the right medial lobule (MD), the left medial lobule (ME), the left lateral
lobule (LE), the hepatic artery (H), the portal vein (P), the caudal Cava
vein (CC) and the common hepatic duct (DH).

The portal triad, comprising portal vein, hepatic artery and common
hepatic duct, are located in the hilar region of the organ.Therefore, the
lateral right lobule, as shows this study, is similar to that of another
marsupial Dasycercus cristicauda (Wood Jones, 1949) taking into
consideration that the caudate process represents the caudal, prismatic
and tiny continuity of this lobule.

The medial right lobule (or right central lobule according to Wood
Jones, 1949) does not basically differ from the typical liver of marsupials.
This lobule is separated from the left medial lobule by the interposition
of the vesicular fosse and the sulcus where the cystic duct lays.

The medial left lobule (or left central lobule according to Wood
Jones, 1949) has a strong similarity with its homologue in the
Dasycercus cristicauda. In this regard, due to its large volume, it almost
hides the left lateral lobule in its visceral aspect. In the diaphragmatic
aspect (FIGURE 2) the right medial lobule and the left medial lobule are
not clearly separated, thus, forming a seemingly sole and vast lobule.
Most probably, this lobule is homologous to the median lobule reported
by Martin Jones (1834) in the Didelphis azarae.
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FIGURE 2. Diagram of the diaphragmatic aspect of the liver in the Didelphis albiventris
(see text for details).
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The great left lateral lobule, according to Wood Jones (1949) is also
tongue shaped, occupying almost all the visceral aspect of the left side of
the liver (FIGURE 1).

The gallbladder fosse in the Didelphis albiventris is an oval escava-
tion which contains the gallbladder (FIGURE 2) which do not differ from
observations by Wood Jones (1949) and Martin and Jones (1834). There
is no evidence of a square lobule in the specimens observed in this study.

Main branching of the intrahepatic portal vein

The pattern of distribution of intrahepatic portal branches in the
opossum (Didelphis albiventris) was studied in 10 organs (FIGURE 3):
the portal vein trunk (P) gives primarily the right lateral branch (RLD)
and, right after, the right medial branch (RMD) and continues directly as
the left branch (RE), that is, as a straight prolongation of the portal trunk
(P).  A few small branches (rr) from the right lateral lobule go to the cau-
date lobule (C) and to its caudate process (PC).  Usually, the left branch
drains the lateral lobule (LE) and the left medial lobule (ME) in the man-
ner of many small branches with a complex distribution.

However, in eight livers, the portal vein trunk (P) showed a variable pat-
tern – a) bifurcation in two branches, right (RD) and left (RE) in two out of
eight livers (FIGURE 4); b) trifurcating in a left branch and two more
branches being one to the right lateral lobule and other to the right medial
in three livers. c) Quadrifurcanting in two branches to the right lateral lob-
ule, one branch to the right medial lobule and one branch to the left, which
were found in two livers; d) the portal vein trunk may go as a sole trunk
towards the left lateral lobule (left branch). As it progresses, it gives two thin
branches to the right lateral lobule, one to the right medial lobule and anoth-
er to the left medial lobule, which was found in the remaining liver.
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FIGURE 3. Diagram of the anatomical pattern of the distribution of intrahepatic portal
branches in liver of the Didelphis albiventris (see text for details).

 



Behavior of hepatic lobules according to the vascularization
of the portal vein.

In every preparation, with some variation, the right lateral lobule
(LD), right medial (MD) and the caudate (C) get vascularized by the
right branch (RD) or by small branching from the portal trunk. In the
same way, the left lateral lobule (LE) and the left medial (ME) received
many branches and little branches from the left branch (RE) of the por-
tal vein trunk (FIGURE 4).

These observations on the complex venous distribution of the portal
vein makes possible to distinguish the external liver lobules (FIGURE 1
and 2), taking into consideration, however, only the target of the first,
second and third order branches of the portal trunk. The terminal branch-
es are excluded which, in all preparations, were not observed due to the
non-penetration of the contrast liquid which is an intrinsic limitation of
the technique. Indeed, the corrosion technique was most adequate to the
objective of this study due to the facility to observe the tridimentional
disposition of the portal tree.

Sweet (1904), without commenting the behavior of the portal vein in
the marsupial Notoryctes sp. does admit that this vein is divided in 3 ves-
sels which are bound, separately, to the left and right portal branches. In
the livers observed in this study, the right and left portal branches are prob-
ably homologous to the same branches reported in man by Elias and Petty
(1952) and, in general, in marsupials by Rez, apud Elias and Petty (1952).
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FIGURE 4. Diagram of the anatomical variation in the distribution of the portal intra-
hepatic braches in the liver of Didelphis albiventris (see text for details).
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CONCLUSION

In this study, the division of the liver in the opossum Delphis albiven-
tris follows the anatomical criteria of segmentation by means of fissures
in its surface, four main lobules being identified: right lateral, right
medial, left medial and left lateral. The caudate lobule, including its cau-
date process, is just an extension of the inferior aspect of the right later-
al lobule. On the other hand, the right medial and left medial lobules are
deeply escavated to host the gallbladder and constitute a sole lobule in
the diaphragmatic aspect of the liver. As usual to the majority of mam-
mals, no square lobule was observed in any liver or in any of its faces.

The first order branches (right and left branches) of the portal trunk
do not undergo deep variation in the branching pattern if compared to the
second order branches (branches to the right lateral lobule, right medial,
left lateral and left medial) and, furthermore, those of third order which
are limited to specific and minor sub-segments inside a liver lobule. This
same principle is found clear in the venous vascular pattern of the liver
of most animals, but the anatomical variations are specimen-specific to
the opossum Didelphis albiventris.
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