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THE HEPATIC VENOUS SYSTEM IN THE DOG

Shigenori Okada® and Yoshikuni Ohta

Department of Anatomy, Osaka Dental University, 5-31 Otemae 1-chome, Chuo-ku, Osaka 540, JAPAN

(Received for publication December 11, 1995 and in revised form May 27, 1996)

Abstract

Unique spiral structures, located in the wall of the
hepatic venous system in the dog, were examined in the
central veins and the hepatic venous branches, utilizing
microvascular corrosion casting and freeze-fracture
technique in scanning electron microscopy and transmis-
sion electron microscopy of tissue sections. The whole
hepatic venous system was divided into 4 portions: the
central, sublobular, collecting and branches of the hepat-
ic veins. The central vein was spindle-shaped with sev-
eral compressions. Removing the endothelial cells of
the central vein, pathways of venous sinusoids were like
a labyrinth. In the sublobular veins, spiral structures
distinctly appeared as the diameter increased. Beneath
the endothelial cells in the constricted portions, smooth
muscle bundles were found. The spiral structures grad-
ually became irregular in the collecting veins and discon-
tinuous to form shallow constrictions in cast thicker
branches of the intrahepatic veins. A single, fine spin-
dle of the central vein was formed by the arrangement
of liver cells. The spiral structures of the sublobular
vein were formed by smooth muscle bundles. Irregular-
ity of the spiral structures in the collecting veins was
caused by smooth muscle bundles anastomosing with ad-
jacent ones. Disappearance of the spiral structure in cast
thicker branches of the intrahepatic veins was due to
absence of muscle bundles.

Key Words: Venous sphincter, hepatic venous system,
corrosion casting, dog.
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Introduction

Many investigators reported that an anaphylactic
shock phenomenon in dog was characterized by intense
stasis of the liver, especially by constriction of spiral
sphincters of hepatic venous system. Hering, already in
1867, reported the existence of the spiral structures of
the hepatic vein in the carnivores; in 1988, Brissaud and
Sabourin observed strengthened valves forming peculiar
spiral triangular protuberances, composed of smooth
muscle fibers on the internal wall of the hepatic venous
system in the sea-seal and dog (for a review, see Ohta
et al., 1956). Elias and Feller (1931) and other investi-
gators reported on the venous sphincter apparatus in the
hepatic venous system, especially on the arrangement
and form of smooth muscle cells. Ohta er al. (1956)
described the spiral structures utilizing a self-developed
plastic casting method in an era in which scanning elec-
tron microscopy (SEM) had not been applied to observa-
tion of microcorrosion casts. The present paper will
deal with spiral or ring structures in the intrahepatic
venous system of the dog by SEM and transmission
electron microscopy (TEM).

Materials and Methods

Ten adult mongrel dogs (8 male and 2 females; aged
2-3 years; 10 to 12 kg body weight) were used for this
study. The animals had been raised on a standard diet
in compliance with the Guide for Animal Experimenta-
tion, with permission from the Committee of Animal
Experimentation, Osaka Dental University.

Microvascular corrosion casts for SEM

Six dogs were anesthetized with sodium pentobarbi-
tal (50 mg/kg of body weight). An injection needle for
perfusion was carefully inserted into the portal vein.
The hepatic venous system was washed with 200 ml of
heparinized (5000 IU/1) Tyrode solution at 38°C until
the efflux of the inferior vena cava became clear. Then,
30 ml oligomer of methyl methacrylate (viscosity: 11
centipoise, Ohta er al., 1990) with 1 g of benzoyl per-
oxide as a catalyst and 1 ml N, N-dimethylaniline as an



















Spiral structures in the canine hepatic venous system

Table 1. Patterns of spiral structures on the internal wall of the hepatic venous system; () indicates diameter of the

intrahepatic vein.

Constrictions

Venous sphincters

Microvascular corrosion casts

Central vein (below 50 um) +
Sublobular vein (50-300 um)  ++
Collecting vein (300-500 um) + + +

Branches of hepatic vein
(below 1 mm)

not visible
circle and spiral

circle and spiral

+ incomplete

short series of fine spindles
spiral shape with short pitches (100-150 um)
spiral shape with short pitches (100-150 um)

spiral shape with long pitches (200 um)

Smooth muscle elements, however, are clearly ob-
served on the walls of sublobular veins. Proportional to
the participation of this element, the depressions are first
observed as a partially circular pattern which gradually
develops into a continuous spiral pattern. Many investi-
gators have been interested in this evolving pattern. Cir-
cular structures may not have a continuous constrictive
function except for a partial reaction. On the contrary,
spiral structures may be able to maintain a continuous
constriction in some portions. The smooth muscle bun-
dles contribute to an increase in the intensity and dura-
tion of constriction. Plical patterns found in the com-
pression of the central vein are not composed of muscu-
lar elements but rather of only a protrusion of liver
cells. Comparable plicae found in the sublobular veins
are, on the other hand, formed on the endothelial cyto-
plasm by a constriction of smooth muscle bundles, and
this thickened cytoplasm may be a resistant form of
constriction.

Strong depressions which accounted for approxi-
mately half diameter of the vessel, especially as ob-
served at the confluence of the sublobular veins with the
collecting veins, intensity the constriction by increasing
the smooth muscle element and adhesion to adjacent
structures. Such an enforced pattern offers the advan-
tage of constriction. Adhesion of grooves in the con-
striction may widen the pitch of the spiral groove, there-
by augmenting constriction in a longer portion of the
vein. It can be said that the spiral pattern should offer
advantageous control of blood flow as compared to the
series of circles pattern. In branches of intrahepatic
veins, disappearance of the spiral or ring constriction is
attributed to global thickening of the muscle element in
the hypertrophied wall, leading to a layered structure.
Such a pattern may not have a role in blood flow
control.
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Discussion with Reviewers

O. Ohtani: The sphincters of the intrahepatic venous
system have been described only in dogs and seals.
Why do you think the sphincters exist only these
animals?

Authors: The possibility of the liver being the shock
organ in dogs and seals remains to be investigated. He-
patic vein branches, their mast cell sheath and the ac-
companying lymphatic plexus are believed to provide a
structural unit which plays an important role in the
immunological reaction of the canine organism.

S. Aharinejad: Have you ever observed nerve termi-
nals closely related to smooth muscle sphincters in the
central or sublobular vein?

Authors: We could observe no nerve innervation to the
smooth muscle sphincter in the sublobular vein.

S. Aharinejad: You describe smooth muscle tufts in
the wall of sublobular veins which have a width of ap-
proximately 25 um (Fig. 9). The width of constrictions
on the casts is 10-12 ym (Fig. 8). How do you explain
this discrepancy?

Authors: Sublobular vein in Figure 8 is a transforming
area from circle constriction to spiral one and shows the
constrictions which is gradually thickening proceeding to
the collecting vein.

A. Lametschwandtner: Youhave shown very elegantly
that in the sublobular veins the circular structures change
into spiral structures. You discuss that the circular
structures may serve for short constrictions while the
spiral ones might maintain even longer constrictions.
Do you have any hypothesis what the stimuli (nervous,
hormonal, local) might be which cause these circular
and/or spiral structures to constrict?
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Authors: Since vasomotor innervation has not been
demonstrated in the lateral wall, the flow regulation
must depend on a local control. Mast cells are numer-
ous around the sublobular veins. These granules are
known to contain various mediators which trigger in-
flammatory reaction, i.e., histamine which causes the
constriction of the smooth muscle cells.

D.E. Schraufnagel: What are the similarities and dif-
ferences between the structures in dog hepatic veins you
describe and the sphincters of rat lung veins that we
described?

Authors: Circle constrictions in dog hepatic vein are
similar as the sphincter of rat lung, but spiral structures
are characteristic and differ from ones in the rat lung.

D.E. Schraufnagel: Aharinejad and colleagues could
find no nerve connections in rat lung veins. Did you see
anatomic evidence for innervation in the dog?
Authors: We could not observe nerve innervation to the
venous sphincter.

D.E. Schraufnagel: Are the contractions uniform in all
of the veins of a given size? If they are, perhaps there
purpose is to retard blood flow to allow more time for
exchange of material within the liver.

Authors: Yes, we agree with your opinion.
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